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BA Biological Assessment

BAZ biological active zone

BBP benzyl butyl phthalate

BEHP bis(2-ethylhexyl) phthalate

BMP best management practice

BODR Basis of Design Report

CFR Code of Federal Regulations

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cm centimeter

CMP corrugated metal pipe

COC contaminant of concern

contractor Remedial Action Contractor

cPAH carcinogenic polycyclic aromatic hydrocarbon
CQAP Construction Quality Assurance Plan

CWA Clean Water Act

cy cubic yard

dB(A) A-weighted decibel

DER Data Evaluation Report

DSAY discounted service acre-year

EAA early action area

Ecology Washington State Department of Ecology

EF exceedance factor

EFH Essential Fish Habitat

ENR enhanced natural recovery

EPA U.S. Environmental Protection Agency

ESA Endangered Species Act

FEMA Federal Emergency Management Agency
FNC federal navigation channel

FOS factor of safety

FS Feasibility Study

ft/s feet per second

g acceleration of gravity

100% Remedial Design Basis of Design Report
Lower Duwamish Waterway Upper Reach iX January 2024



GAC granular activated carbon

H:V horizontal to vertical (ratio)

HEA Habitat Equivalency Analysis

HEC-RAS Hydrologic Engineering Center — River Analysis System
ICIAP Institutional Controls Implementation and Assurance Plan
LDW Lower Duwamish Waterway

LDWG Lower Duwamish Waterway Group

LIiDAR Light Detection and Ranging

LTMMP Long-Term Maintenance and Monitoring Plan

mg/kg milligrams per kilogram

MHHW mean higher high water

MLLW mean lower low water

MNR monitored natural recovery

MTCA Model Toxics Control Act

N/A not applicable

NAD83/91 North American Datum 83 through the 1991 adjustment
NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NTU nephelometric turbidity unit

NVHM Nearshore Habitat Values Model

0oC organic carbon

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

pcf pounds per cubic foot

PDI pre-design investigation

Phase Il Data Pre-Design Investigation Phase Ill Data Report for the Lower Duwamish Waterway
Report Upper Reach

PSNC Puget Sound Nearshore Calculator

QA quality assurance

QAPP Quiality Assurance Project Plan

QC quality control

RAA remedial action area

RAL remedial action level

RAO remedial action objective

RAWP Remedial Action Work Plan

RCP Representative Concentration Pathway

RCW Revised Code of Washington
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RD
RDWP
RI

RI/FS
RM
RMC
ROD
RTK-DGPS
SCO
SMA
SPI
STM
T-117
TCLP
TIN
USACE
uscC
USFWS
USGS
uw
WAC
WCRP
WDNR
WQMP

remedial design

Remedial Design Work Plan

Remedial Investigation

Remedial Investigation/Feasibility Study
river mile

residuals management cover

Record of Decision

real-time kinematic differential global positioning system

sediment cleanup objective

sediment management area

sediment profile imaging

sediment transport model

Terminal 117

toxicity characteristic leaching procedure
triangulated irregular network

U.S. Army Corps of Engineers

United States Code

U.S. Fish and Wildlife Service

U.S. Geological Survey

University of Washington

Washington Administrative Code
Washington Coastal Resiliency Project
Washington State Department of Natural Resources
Water Quality Monitoring Plan
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1 Introduction

This Final (100%) Remedial Design (RD) Basis of Design Report (BODR) for the Lower Duwamish
Waterway Upper Reach describes the basis of design criteria and other key elements for
implementing the cleanup remedy for the upper reach of the Lower Duwamish Waterway (LDW)
Superfund Site in King County, Washington. The upper reach encompasses river miles (RMs) 3.0 to
5.0 of the LDW. This BODR has been prepared consistent with the U.S. Environmental Protection
Agency (EPA)-approved Remedial Design Work Plan for the Lower Duwamish Waterway Upper Reach
(RDWP; Anchor QEA and Windward 2019a) and the EPA’'s November 2014 Record of Decision (ROD;
EPA 2014) as modified by an Explanation of Significant Differences (EPA 2021). This BODR was
prepared on behalf of the City of Seattle, King County, and The Boeing Company, collectively
referred to as the Lower Duwamish Waterway Group (LDWG). This BODR addresses comments
received from EPA on the Pre-Final (90%) RD and presents additional engineering evaluations that
have been completed in support of the Final (100%) RD.

1.1  Administrative Orders on Consent

In December 2000, LDWG' entered into an Administrative Order on Consent (AOC) for Remedial
Investigation/Feasibility Study (RI/FS) with EPA and the Washington State Department of Ecology
(Ecology) to conduct an RI/FS for the LDW. In September 2001, the LDW was formally added to the
National Priorities List as a Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA, or Superfund) site; in February 2002, Ecology listed the LDW as a cleanup site under the
Washington Model Toxics Control Act (MTCA). EPA and Ecology have divided lead agency
responsibility for addressing the site: EPA is responsible for administering the cleanup of the
sediments in the waterway, and Ecology is responsible for controlling sources of pollution to the
waterway. The Lower Duwamish Waterway Remedial Investigation Report (Rl) was completed in 2010
(Windward 2010), and the Final Feasibility Study, Lower Duwamish Waterway (FS) was completed in
2012 (AECOM 2012). The ROD was issued by EPA in 2014.

Five amendments to the AOC have been signed. The first three amendments cover activities that
have been performed prior to the start of RD. The fourth amendment (AOC4) includes development
of the RD for the upper reach, progressing from the preliminary design phase (30%) through 60%,
90%, and final (100%) designs. This document represents the basis of design for the Final (100%) RD.
The fifth amendment includes development of RD for the middle reach, which is on a different
timeline and will be documented separately.

" The Port of Seattle was a member of LDWG until 2022, when it withdrew from LDWG.
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1.2 Data Collection and Evaluation

The Final (100%) RD is supported by a design dataset that includes data collected during three phases
of pre-design investigations (PDls). The design data are described and presented in the Pre-Design
Investigation Data Evaluation Report (DER; Anchor QEA and Windward 2022a) and the Pre-Design
Investigation Phase Ill Data Report for the Lower Duwamish Waterway Upper Reach (Phase Il Data
Report; Appendix A of this document). These reports present summaries of the PDI investigations,
including the chemistry and geotechnical results of the Phase |, Phase Il, and Phase Il PDIs. The PDI
investigations were implemented in accordance with the following plans: the Quality Assurance
Project Plan for the Lower Duwamish Waterway Upper Reach: Pre-Design Investigation (QAPP;
Anchor QEA and Windward 2020); the Quality Assurance Project Plan Addendum for the Lower
Duwamish Waterway Upper Reach: Pre-Design Investigation Phase Il (Phase Il QAPP Addendum;
Anchor QEA and Windward 2021a); the Quality Assurance Project Plan Addendum for the Lower
Duwamish Waterway Upper Reach: Pre-Design Investigation Phase Ill (Phase Ill QAPP Addendum;
Anchor QEA and Windward 2022b); the Quality Assurance Project Plan: Pre-Design Surveys of the
Lower Duwamish Waterway Upper Reach (Survey QAPP; Anchor QEA and Windward 2019b) and
Quality Assurance Project Plan Addendum: Pre-Design Surveys of the Lower Duwamish Waterway
Upper Reach (Survey QAPP Addendum; Anchor QEA and Windward 2021b); and the Supplement to
the Quality Assurance Project Plan Addendum: Pre-Design Surveys of the Lower Duwamish Waterway
Upper Reach (Supplement to the Survey QAPP Addendum; Anchor QEA and Windward 2022c).

Based on the remedial action levels (RAL) exceedance areas presented in the DER and updated based
on incorporation of Phase Il PDI data (Appendix A), remedial action areas (RAAs) and sediment
management areas (SMAs) are defined in this BODR.

1.3 Purpose and Objectives

The objective of the BODR is to identify and establish design criteria for major elements of
construction, present the technical evaluations of the design elements, and document how they
apply to the overall remedial action for the selected remedy for the upper reach of the LDW, as set
forth in the ROD (EPA 2014) and AOC4. The Final (100%) RD builds upon the previous design phases
to refine design assumptions, respond to EPA comments on the Pre-Final (90%) RD, and provide
updated estimates of quantities, durations, and costs to complete the remedial action.

This BODR includes analyses conducted to select the design approach, including a summary and
detailed justification of design assumptions, restrictions, and objectives used in the design of the
selected remedy as defined by the list of BODR requirements in Section 6.2 of the RDWP

(Anchor QEA and Windward 2019a). A complete list of RD elements of the Final (100%) RD design
deliverable is provided in Table 6-1 of the RDWP.
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1.4 Note on Terminology

Several different terms appear with the design documents that refer to the roles and responsibilities
of different individuals or entities during the construction phase. This section summarizes these
terms and describes the key differences between these roles by defining the intent of each term.
These terms are used in the design documents but do not replace or supersede definitions that
appear in the construction contract documents.

Implementing Entity: As previously described, AOC4 covers the design of the remedy for the upper
reach. The remedial action for the upper reach will be conducted under a Consent Decree or similar
agreement with EPA and a group of performing parties. This future group is referred to as the
Implementing Entity and will be responsible for adhering to the terms of the Consent Decree.

Owner: The Owner will be responsible for procurement and execution of the construction phase of
the project. The Owner may be the Implementing Entity or may be a different agency, individual, or
subset of the Implementing Entity, as determined by the Implementing Entity. The Owner will be
authorized to make decisions on behalf of the Implementing Entity. The Owner will hire the Remedial
Action Contractor (contractor) and will name a Project Representative to support them during
construction. The Owner will also be responsible for construction quality assurance (QA) activities as
described in the Construction Quality Assurance Plan (CQAP). The CQAP identifies additional roles
and responsibilities for management of the construction of the Upper Reach remedy.

Project Representative: The term "Project Representative” refers to the Owner representative during
construction who will assist the Owner with technical review and decision making on behalf of the
Owner when technical issues arise. Some entities use the term “Resident Engineer” to describe this

function.

Designer: Anchor QEA is the remedy designer overseeing the development of the Drawings,
Specifications, and cost estimate. The Engineer of Record is employed by Anchor QEA and is
responsible for the remedy design. The term “Engineer of Record” generally does not appear in the
design documents except where the role of the Engineer of Record relates to consultation during the
construction phase to support construction QA and design changes, if needed.

1.5 Report Organization

The remainder of this document is organized into the following sections:

e Section 2: Project Background, Site Conditions, and Data Sources
e Section 3: ARARs Compliance Evaluation

e Section 4: Extents of Contamination

e Section 5: Remedial Technology Assignment

e Section 6: Remedial Action Areas Development
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Section 7: Sediment Management Areas Development

Section 8: Geotechnical Engineering Considerations

Section 9: Structural Engineering Considerations

Section 10: Remedial Technology Design

Section 11: Environmental Protection During Construction
Section 12: Site Access

Section 13: Preliminary Construction Sequencing and Schedule
Section 14: Quantity Calculations and Engineer’s Cost Estimate
Section 15: Construction Contracting Strategy

Section 16: Contractor Quality Control and Construction Quality Assurance
Section 17: Work by Others

Section 18: References

The following appendices are attached to this document as supporting technical evaluations of the

BODR:

Appendix A: Phase Il Data Report

Appendix B: LDW Upper Reach Applicable or Relevant and Appropriate Requirements
Appendix C: Clean Water Act Sections 401/404 and Rivers and Harbors Act Section 10
Substantive Compliance Report

Appendix D: Section 408 Substantive Compliance Report

Appendix E: Biological Assessment

Appendix F: Design Considerations for cPAH RAL Exceedance Areas Relative to 2014 ROD
RALs

Appendix G: Geotechnical Design Analysis

Appendix H: Structural Calculations

Appendix I: Engineered Cap Chemical Isolation Design Analysis

Appendix J: Engineered Protection Design Analysis for Engineered Caps and Area-Specific
Technology

Appendix K: Chemical Fate and Transport Modeling to Support Evaluations of Buried
Contamination, ENR/AC Pilot, and Area-Specific Technology Locations

Appendix L: No-Rise Evaluation

Appendix M: Water Quality Effects Evaluation

Appendix N: Green Remediation Evaluation and Implementation Approach

Appendix O: Engineer’s Cost Estimate

Appendix P: Work by Others
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This report and Appendices A through P make up Volume | of the Final (100%) RD. Other supporting
design documents are provided separately in Volume Il, and the Drawings and Specifications are
provided in Volume I, as follows:

¢ Volume Il (Ancillary/Supporting Reports and Plans)

- Part I: Construction Quality Assurance Plan (includes Water Quality Monitoring Plan;
Construction Sediment Sampling Quality Assurance Project Plan; Air, Noise, and Light
Monitoring Plan; and Monitoring and Inadvertent Discovery Plan as appendices)

- Part lI: Permitting and Site Access Plan

- Part lll: Emergency Response Plan Outline

- Part IV: Vessel Management Plan Requirements Outline

- Part V: Preliminary Waste Determination

- Part VI: Long-Term Maintenance and Monitoring Plan Annotated Outline

- Part VII: Sediment Remedy Institutional Controls Implementation and Assurance Plan
Outline

- Part VIIIl: Community Outreach and Communications Plan

¢ Volume lll (Construction Documents)
- Final (100%) Drawings
- Final (100%) Specifications
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2 Project Background, Site Conditions, and Data Sources
2.1 Project Background

2.1.1  Site Description

The Duwamish River originates at the confluence of the Green and Black rivers near Tukwila,
Washington, and flows northwest for approximately 12 miles prior to discharging into Elliott Bay in
Puget Sound. In the early years of the twentieth century, the lower 6 miles of the Duwamish River
were straightened and channelized into a commercial corridor for ship traffic, officially designated as
the LDW and the East and West Waterways (located along Harbor Island). The LDW Superfund Site
extends 5 miles upstream from the southern tip of Harbor Island to just upstream of the

Turning Basin, a federally authorized and maintained navigation feature consisting of an area where
ship traffic can turn around. The LDW Superfund Site has been divided into three reaches (lower,
middle, and upper) that are each undergoing RD on different timelines, with the upper reach being
the first reach for which RD is being performed. Although each reach is being designed separately,
some design overlap at the boundaries between reaches is necessary to transition remedial actions
between reaches. The upper reach of the LDW extends from Duwamish Waterway Park (RM 3.0) to
the southern end of the LDW at RM 5.0 near the bridge on South 102nd Street (Figures 2-1 and 2-2).
The average width of the upper reach is 540 feet.

The banks of the LDW include public and private properties that support industrial and marine
activities as well as public access, utility corridors, street ends, and bridge crossings. Additional detail
is provided in Section 2.3.

2.1.2 Remedy Summary

The selected remedy for the LDW is described in Section 13 of the ROD (EPA 2014). It addresses
unacceptable human health risks associated with consumption of resident fish and shellfish and with
direct contact (skin contact and incidental ingestion of sediment) from net fishing, clamming, and
beach play. It also addresses ecological risks to bottom-dwelling organisms (benthic invertebrates)
and wildlife.

RALs are contaminant concentrations in sediment that apply to specific locations and depths on a
point-by-point basis (EPA 2014). Per the ROD, RALs are used to delineate areas that require active
remediation. These RALs are dependent on the location, elevation (i.e., intertidal vs. subtidal),
projected potential for natural recovery (i.e., recovery category), and shoaling conditions in the
federal navigation channel (FNC). RAL depth intervals are as follows:

¢ Intertidal Areas: 0 to 10 centimeters (cm; 0 to 4 inches) and 0 to 45 cm (0 to 1.5 feet)
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e Subtidal Areas: 0 to 10 cm (0 to 4 inches) and 0 to 60 cm (0 to 2 feet)?

Shoal areas? within the FNC also have their own set of RALs. Areas with RAL exceedances were
delineated in the DER (Anchor QEA and Windward 2022a) and updated in the Phase Il Data Report
(Appendix A), as described in Section 4 of this BODR.

The following remedial technologies were identified in the ROD (EPA 2014):

e Dredging*

e Engineered sediment caps

e Partial dredge and capping

e Placement of a thin layer (nominal 6 to 9 inches) of clean material in areas that meet the
criteria for enhanced natural recovery (ENR)

e Application of location-specific cleanup technologies to contaminated sediment in underpier
areas or areas with structural or access restrictions (e.g., in the vicinity of dolphins/pilings,
structures, and riprapped or engineered banks)

e Implementation of monitored natural recovery (MNR):

- MNR to Benthic Sediment Cleanup Objectives (SCOs): Surface sediment
contaminant concentrations are greater than benthic SCOs but below RALs.

- MNR Below Benthic SCOs: Surface sediment contaminant concentrations are below
RALs and benthic SCOs but greater than human health-based cleanup levels.®

The upper reach remedial technology assignments for each RAL exceedance area, which are based
on ROD criteria (EPA 2014), were initially presented in the DER (Anchor QEA and Windward 2022a)
and have been refined in Section 5 of this BODR to reflect the Final (100%) RD selected technology.

Early action areas (EAAs) comprise 19 acres (14% of the area) of the upper reach. These areas were
identified for early cleanup actions to accelerate cleanup and reduce risks of exposure. Remedial
actions at the four EAAs in the upper reach were conducted between 1999 and 2015.
Post-remediation conditions of EAAs are factored into design of adjacent areas to maintain EAA
remedy performance. Figure 2-3 shows the locations of the EAAs in the upper reach.

2 Subtidal RALs applicable to the 0- to 60-cm depth are dependent on recovery category designation and potential

vessel scour areas (see ROD Table 28 [EPA 2014]).

3 Shoal areas are locations within the FNC where the bed elevation is higher than the authorized navigation depth.

4 The dredging technology also includes residuals management cover (RMC) placement to manage generated residuals and
backfilling within defined habitat elevations or when needed to provide a stable post-construction condition.

> The human health-based cleanup levels are applied as 95th upper confidence limit on the mean on a site-wide basis for Remedial
Action Objective (RAO) 1 and an area-specific basis for RAO 2.
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2.2 Upland Source Control Sufficiency

Remedial construction of the upper reach is being coordinated with upland source control sufficiency

evaluations by Ecology. Ecology works with the LDW Source Control Workgroup® on source control

efforts for the LDW sediment cleanup.’ Ecology has identified 24 source control areas for the LDW as

part of its source control strategy (Ecology 2016) for the LDW sediment remedy. Nine of these source

control areas drain to the upper reach and are summarized in Table 2-1.

Sufficiency recommendations were developed by Ecology and presented in the report titled Lower

Duwamish Waterway Source Control Sufficiency Evaluation Report, Upper Reach (Ecology 2023). For

RAAs where source control is determined not to be sufficient, the remedial action will be delayed

until sources are sufficiently controlled. Based on Ecology recommendations in the report and as

discussed with EPA, remedy implementation for RAA 18 will be deferred, as discussed in this section

and Section 6.1.3.

Table 2-1

Summary of LDW Upper Reach Source Control Areas and Upland Cleanup Sites

Ecology Source Control Area

Upland Upper Reach
Cleanup Sites'

Upland Cleanup Site Adjacent to
In-Water Area with RAL Exceedances?

East Shoreline

RMs 2.8-3.7 East: Boeing
Plant 2/Jorgensen Forge EAA

Jorgensen Forge,
Boeing Plant 22

Yes, adjacent to EAAs
Yes, adjacent to EAAs

RMs 3.7-3.9 East: Boeing

RMs 3.4-3.8 West: T-117 EAA

Isaacson/Central King County Boeing Isaacson Thompson Yes
International Airport
ol 8801 E Marginal Way S, Yes
RMs 3.9-4.3 East: Slip 6 Container Properties? Yes
RMs 4.3—-4.9 East: Boeing Boeing Developmental
Yes
Developmental Center Center
RM 4.9 East: Norfolk Combined Emerald Gatewa No
Sewer Overflow/Storm Drain EAA y
West Shoreline
RMs 2.2-3.4 West: Riverside Drive Duwamish Waterway Park? No
South Park Marina, Yes

T-1172

Yes, adjacent to EAAs

RMs 3.8-4.2 West: Sea King
Industrial Park

Precision Engineering

No

6 The LDW Source Control Workgroup currently consists of representatives from Ecology, King County, City of Seattle, City of
Tukwila, Port of Seattle, Puget Sound Clean Air Agency, Washington State Department of Transportation, and EPA; see ROD

Section 13.2.7 (EPA 2014).

" Information on the current status of source control efforts can be found on Ecology's website at https://ecology.wa.gov/Spills-
Cleanup/Contamination-cleanup/Cleanup-sites/Toxic-cleanup-sites/Lower-Duwamish-Waterway/Source-control.
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Upland Upper Reach Upland Cleanup Site Adjacent to
Ecology Source Control Area Cleanup Sites’ In-Water Area with RAL Exceedances?
RMs 4.2-4.8 West: Restoration
None No
Areas
Notes:

1. Source: https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites/Lower-Duwamish-Waterway/Source-
control/Source-control-areas

2. Boeing Plant 2, Container Properties, and T-117 are EPA-led upland cleanup sites.

3. Information regarding the Duwamish Waterway Park Site is summarized from Ecology (2022a). This site was listed on Ecology’s
Confirmed and Suspected Contaminated Sites List in 2020.

EAA: early action area
RAL: remedial action level
RM: river mile

T-117: Terminal 117

The following four upland areas that are under Ecology-led upland cleanup processes are located
immediately adjacent to areas with RAL exceedances in the LDW upper reach:

¢ Boeing Isaacson Thompson: This site is located near RM 3.8E and includes the Port of
Seattle shoreline “sliver property” along a deteriorating bulkhead wall. Ecology has
determined that sources are not considered sufficiently controlled at this site; therefore,
design and construction for the adjacent sediment area (RAA 18) is being deferred to a later
stage in the overall Superfund Site cleanup. Coordination with the upland site owner and
Ecology is ongoing, and the design for RAA 18 is not included in the Final (100%) RD for the
LDW upper reach. See Section 6.1.3 and Table 6-1 for additional discussion.

e 8801 E Marginal Way: This site is located near RMs 3.9E to 4.0E and is sometimes referred to
by other names, including CenterPoint Properties and PACCAR. Discussions with the upland
site owner are ongoing to coordinate on site access needs for bulkhead reinforcement design
considerations to support the sediment remedy at the base of the bulkhead (Table 6-1 and
Section 9.2.3).

e Boeing Developmental Center: This site spans the upland area from RMs 4.3 to 4.9. A
stormwater improvement project referred to as DC Stormwater Treatment Phase 2, which
includes rerouting, combining, and adding treatment systems to some outfalls while
abandoning others, is planned near the RAAs at the south end of the site. The project is
scheduled to be completed by August 2024. Additional information about the sediment
remedy in this area is available in Tables 6-1 and 9-5.

¢ South Park Marina: This site is located at RM 3.5W and includes the upland area adjacent to
South Park Marina. Discussions with the upland site owner are ongoing to coordinate site
access needs.
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One additional upland cleanup site located adjacent to an LDW upper reach RAL exceedance area is
under an EPA-led cleanup process:

e Container Properties: This site is located at RM 4.1E. The sediment cleanup extends up the
bank. Coordination occurred throughout the design process with the upland site owner and
EPA to ensure that the tie-in between sediment and upland remedies is appropriately
designed (Table 6-1, Sections 8.3.8.2 and 10.3).

Ecology has completed its source control sufficiency evaluation for the upper reach; it was made
available to LDWG in early July 2023 (Ecology 2023). EPA has determined that one sediment remedy
location in the upper reach (RAA 18) is to be deferred based on the source control sufficiency
evaluation presented in Ecology’s report.

2.3 Site Conditions

The RDWP (Anchor QEA and Windward 2019a) provides a review of existing information and site
conditions. In addition, comprehensive descriptions of the LDW environmental and physical site
characteristics are presented in the Rl (Windward 2010), FS (AECOM 2012), and the ROD (EPA 2014).
Key site characteristics affecting RD are summarized in the following sections.

2.3.1 Tidal Elevations and Water Depth

The upper reach consists of 131 acres of intertidal and subtidal areas below mean higher high water
(MHHW), which is 11.3 feet mean lower low water (MLLW) in the LDW as defined in the ROD

(EPA 2014).8 MHHW is the landward boundary that the selected remedy addresses, but remedial
action occasionally extends beyond this elevation to provide a constructable and effective remedy.
Approximately 55 acres of the upper reach are considered intertidal, with bed elevations between
+11.3 feet MLLW, equivalent to MHHW, and -4 feet MLLW. Approximately 76 acres of the upper
reach are considered subtidal, with bed elevations below -4 feet MLLW.

Based on National Oceanic and Atmospheric Administration (NOAA) annual prediction tide tables at
the Eighth Avenue South tidal gauge (Station ID: 9447029), the predicted water surface elevation for
2025 at the site ranges from -3.88 feet MLLW to +12.53 feet MLLW, with an average of +6.50 feet
MLLW (Table 2-2). Predictions are limited to a future 2-year period but are useful for understanding
anticipated changes in tides over time and for remedial contractors to understand anticipated ranges
of water depth during the first year of construction in the upper reach. The selected contractor will

8 The Seattle tide gage, as reported by NOAA, has a MHHW elevation of 11.36 feet in MLLW datum
(https://tidesandcurrents.noaa.gov/datums.html?id=9447130). For purposes of RD, the ROD-defined MHHW elevation is used. The
minor discrepancy between ROD-defined MHHW and NOAA reported MHHW is not considered to have a material consequence
for the remedy design and will not affect the effectiveness of the remedy.
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ultimately sequence its work based on more refined predictions for time periods that match the
available construction windows during the years in which construction will occur.

Table 2-2
LDW Predicted Tidal Data for 2020-2025

Predicted Tide Elevations (feet MLLW)
Year Mean Minimum Maximum
2020 +6.50 -3.79 +12.68
2021 +6.48 -4.07 +12.71
2022 +6.46 -3.21 +12.55
2023 +6.45 -3.23 +12.56
2024 +6.50 -3.35 +12.68
2025 +6.50 -3.88 +12.53

Notes:

Source: https://tidesandcurrents.noaa.gov/noaatideannual.html|?id=9447029

This table includes the predicted tide data available for the 8th Avenue South tide gauge, which include the past and upcoming
2 years (i.e., 2020 through 2025 at the time of this report).

MLLW: mean lower low water

2.3.2 Federal Navigation Channel

The upper reach includes the Turning Basin (RMs 4.6 to 4.7) and the FNC, both of which are
maintained® by the U.S. Army Corps of Engineers (USACE; Figure 2-3). In this reach, the authorized
FNC width is 150 feet, and the authorized depth is -15 feet MLLW. The FNC covers 32 acres of the
76-acre subtidal area of the upper reach.

2.3.3 Infrastructure

Infrastructure within the upper reach, shown in Figure 2-3, includes waterfront facility berthing,
overwater structures (e.g., piers, docks, floats, bulkheads, flow diversion structures, covered boat
slips), piling (e.g., erosion control structures, fendering, mooring piles), bridges, and utilities
(e.g., underwater cables and pipe structures, overwater cables, storm drains, outfalls).

2.34 Waterway Usage
Waterway uses are summarized in RDWP Section 2.5 (Anchor QEA and Windward 2019a) and include
the following:

e Tribal Use and Treaty Rights: The LDW is one of the locations of the Muckleshoot Indian
Tribe's commercial, ceremonial, and subsistence fishery for salmon, as part of its usual and

° Recent maintenance dredging performed by USACE has been limited to areas in the FNC south of RM 4.0.
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accustomed fishing area. The Suquamish Tribe actively manages aquatic resources north of
the Spokane Street Bridge, just north of the LDW study area (EPA 2014).

¢ Beach Play and Tribal Clamming: Beach play and tribal clamming were considered in the
RI/FS/ROD process in the development of cleanup levels and RALs.

e Public Shoreline Access: Public shoreline access locations are considered in the RD in order
to maintain public safety and reduce the impacts of construction on the public.

e Waterway-Dependent Users: Waterway-dependent users include waterfront property
owners and their tenants who are supported by bank infrastructure (e.g., docks, piers,
wharves, berthing areas); operators of commercial tug, barge, and cargo vessels; marinas;
yacht clubs; yacht manufacturers; and recreational users.

¢ Federal Navigation Channel: The FNC supports water-dependent industry along the LDW.
The RD applies appropriate buffers as defined in the ROD (EPA 2014) to support USACE's
ability to maintain the FNC.

2.3.5 Upland Land Use

The upper reach is adjacent to upland property in the cities of Seattle and Tukwila and
unincorporated King County. The uplands surrounding the LDW upper reach are mixed industrial,
commercial, residential, and some park/open space. The northern extent of the LDW upper reach is
bordered by the South Park neighborhood on the west bank (to approximately RM 4.0) and the
Georgetown neighborhood on the east bank (to approximately RM 3.3). RD considers restrictions
appropriate to residential land uses (e.g., noise restrictions during construction). Upland properties
are owned by a variety of landowners, as shown in Figure 2-3.

A detailed summary of historical land uses is provided in the FS (AECOM 2012). Habitat restoration
areas in the upper reach are discussed in Section 2.3.11.

2.3.6  Early Action Areas

Four EAAs are located within the upper reach (Norfolk EAA, Boeing Plant 2 EAA, Jorgensen Forge
EAA, and Terminal 117 [T-117] EAA). The RDWP summarizes the cleanup of each EAA (Anchor QEA
and Windward 2019a). Additional cleanup work is anticipated at the Jorgensen Forge EAA but will
take place following the LDW upper reach construction in nearby SMAs (based on schedule
information available at the time of this Final (100%) RD). Coordination with the sediment cleanup
will occur as needed. Existing conditions for the EAAs inform the cleanup approach in adjacent areas
in this BODR, as described in Section 6.1.

2.3.7 Enhanced Natural Recovery/Activated Carbon Pilot Plot

In 2015 to 2020, LDWG implemented a pilot study to assess whether the performance of ENR
material amended with activated carbon (AC) was more effective than ENR alone in reducing the
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bioavailability of polychlorinated biphenyls (PCBs) in contaminated sediments in the LDW. Results of
the study are available in the Year 3 monitoring report (Wood et al. 2021). One of three plots, the
intertidal plot, is within the upper reach at RM 3.9E. The pre-construction data for this plot, which
comprises two subplots, is shown on Phase || QAPP Addendum Map A-25 (Anchor QEA and
Windward 2021a). In summary, an average thickness of 10.3 inches of gravelly/sandy material was
placed, with a minimum thickness of 6 inches and maximum thickness of 14 inches

(Amec Foster Wheeler et al. 2018). Sections 10.4 and 10.5 discuss the results of the pilot study as
they relate to the upper reach design.

2.3.8 Hydrodynamics and Sediment Transport

The upper reach is an estuarine environment, with freshwater entering from the Green/Duwamish
River system and saltwater originating from Puget Sound. The location of the upstream interface
between freshwater and marine layer flows, referred to as the saltwater wedge, is variable within the
upper reach depending upon both river flow and tidal stage. During times of high river flow and low
tide stages, the saltwater wedge does not enter the upper reach, whereas during low-flow conditions
and high tide stages, the saltwater wedge can extend upstream of the upper reach. The
upstream-most location or “toe” of the saltwater wedge is typically located between Slip 4 (RM 2.8)
and the Turning Basin (RM 4.7); however, the salt wedge can extend upstream as far as RM 10.2
during low flow from the Green River and high tides (WRIA 9 2021).

The Howard Hanson Dam at the head of the Green River is managed to perform flood control during
storm events. As a result, the dam limits the maximum flows within the LDW. High-flow events
considered in design incorporate the effects of Howard Hanson Dam management.

The hydrodynamics and sediment transport of the LDW (summarized in Rl Section 2.6 and

FS Section 2.1.3 [Windward 2010; AECOM 2012]) were modeled during development of the sediment
transport model (STM; QEA 2008), which was prepared to support the RI/FS. Additional detail on the
hydrodynamics and suspended-sediment transport of the LDW is available in a recent University of
Washington study (McKeon et al. 2020) and the U.S. Geological Survey (USGS) study (USGS 2018),
respectively.

The primary focus of the recent modeling study by the University of Washington (UW) on the
Duwamish River Estuary was on the seasonal changes in structure and dynamics in a salt wedge
estuary (McKeon et al. 2020). Part of the UW study included an analysis of sediment load estimates
entering the estuary (not deposition or sediment transport within the waterway) using newer USGS
data than were available at the time when the STM was developed. UW concluded that recent
sediment loads derived from the USGS data collected between 2013 and 2020 may be 50% less than
the sediment loads derived from the data that were available at the time of the STM. This is
consistent with the findings from the analysis conducted by USGS (2018) that also suggested that the
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current upstream sediment load estimate may be up to 50% lower than previous estimates used in
the STM.

Although the reasons behind this difference remain uncertain (potentially including methodological
differences in estimates and true differences in loads), the implications of this change were
investigated by LDWG/EPA sediment transport modeling team. The team conducted an evaluation to
determine the effects on STM calibration results if the estimated upstream sediment load was
decreased by approximately 50% (Integral et al. 2019). This evaluation indicated that a 50% reduction
in upstream sediment load would not affect the overall reliability of the STM (LDWG 2021). The STM
was calibrated to measured deposition rates throughout the LDW, so revising upstream sediment
loads and recalibrating to the same deposition rates did not significantly change deposition patterns
or amounts but did change the estimated percent of upstream load retained in the LDW. The
reduced estimate of sediment load resulted in STM predictions of reduced transport of fine
sediments through the LDW into Elliott Bay.

The LDW is net depositional, with the majority of sediments entering the LDW originating from the
upstream Green River catchment. Based on the original STM calibration, approximately

220,000 metric tons of upstream sediment and 1,100 metric tons of sediment from lateral loads enter
the LDW annually. Approximately 81,000 metric tons of the sediment is deposited between RMs 4.0
and 4.9, where the water velocity is reduced due to the widening and deepening of the LDW (i.e., the
Turning Basin and the FNC) compared to upstream channel dimensions. The Turning Basin within the
upper reach acts as a trap for suspended solids entering the LDW. Coarser grain-sized suspended
solids (i.e., sands) tend to deposit in the Turning Basin, and finer-grained sediments tend to be
transported and deposited farther downstream in the LDW, as well as a portion that passes through
the LDW toward East Waterway, West Waterway, and Elliott Bay.

2.3.9 Erosive Forces

Erosive forces within the LDW upper reach affect the stability of bed sediment or placed materials,
such as capping materials. These erosive forces are generated from naturally occurring and
human-induced forces. Natural forces that occur in the LDW include wind-generated waves and
hydrodynamic flows (i.e., current velocities). Human-induced forces include propwash and vessel
wakes in the upper reach. Human-induced influences also include constrictions in flow due to bridge
abutments. Potential effects of erosive forces and influences on capping areas are discussed in
Section 10.3.

2.3.10 Presence of Debris

Debris is common in industrial waterways such as the LDW, deposited over decades of waterway use.
Submerged and emergent debris are considered in the application of remedial technologies,
including the type of remedial equipment used. Specifically, debris present in dredge areas will be
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removed as part of the remedy. Debris outside of dredging areas is not targeted for removal as part
of this project. Though not anticipated, if debris outside of SMAs is encountered that interferes with
construction activities or poses a threat of release associated with cleanup within an SMA, it will be
removed in consultation with EPA.

For purposes of this RD, debris has been categorized as either of the following: 1) debris that is
identified for removal prior to dredging (Identified Debris); or 2) debris removed with the sediment
during dredging (Incidental Debris).

Section 11.2 discusses best management practices (BMPs) for handling debris, and detailed
requirements are included in the Specifications (Volume lll). Debris observed during the PDI is shown
in DER Maps 2-6a through 2-6f (Anchor QEA and Windward 2022a). Specific Identified Debris areas,
which will be managed separately as discussed in Section 10.2.3, are shown on the Drawings (Volume
1)

The following areas of Identified Debris have been observed and are subject to specific review and
considerations during design:

e Large debris piles in RAA 22

e Scattered concrete intermittently along the eastern shoreline of RAAs 22, 24/25/26, and 27
e Concrete rubble used as bank armoring in RAA 27

e Concrete rubble and wood in and around RAAs 32 and 33/34/35

Note that this list is limited to surficial, large debris that were visually observed during low tide site
investigations. Other debris, including buried debris, may be encountered by the contractor during
construction.

2.3.11 Existing Habitat Conditions

Habitat for aquatic species and aquatic-dependent species exists in the LDW and extends from the
riparian area above the upper elevation of the site at MHHW (+11.3 feet MLLW) down to the Deep
Subtidal areas of the LDW. These areas are all considered habitat and are divided into the following
habitat types based on elevation:

¢ Deep Subtidal: Deeper than -10 feet MLLW

¢ Shallow Subtidal: -10 feet MLLW to -4 feet MLLW

e Lower Intertidal: -4 feet MLLW to +4 feet MLLW

e Upper Intertidal: +4 feet MLLW to +11.3 feet MLLW
e Riparian: Above MHHW (+11.3 feet MLLW)

These existing habitat types, except riparian, are shown in Figure 2-4a along with ROD-defined
"habitat areas.” Figure 2-4b includes bank vegetation (trees and shrubs), which is an indicator for the
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riparian condition. The ROD defines “habitat areas” as all areas of the waterway with elevations above
-10 feet MLLW and establishes requirements for remediation in such areas (EPA 2014). Figure 2-4b
includes potential clamming areas, existing bank conditions, bank vegetation conditions, and existing
habitat restoration projects to provide context for the habitat types.

Bank habitat data collection occurred as part of the PDI Phases | and Il in 2020 and 2021. As part of
this data collection effort, vegetation conditions along the riverbank in the entire upper reach were
documented via visual inspection. Vegetation was documented along riverbank stations, including
vegetation type, percent cover, and plant communities. Conditions were documented for top of bank
(above MHHW in the riparian zone), mid-bank (below MHHW in the intertidal zone), and toe of slope
(area below bank observed during the low tide inspections in the intertidal zone). The results of the
vegetation observations are shown in Figure 2-4b as existing bank vegetation. Overall, the bank
vegetation consists of a mix of native trees, landscaping trees, native shrubs, and non-native shrubs.
Banks were also observed to document condition, including where banks are armored

(i.e., engineered surface armoring) or unarmored (i.e., discontinuous armoring, poorly
placed/maintained armoring, or vegetated) or bulkheaded. As shown in Figure 2-4b, approximately
41% of the upper reach bank areas are armored, 46% are unarmored, and 13% are bulkheaded.

Additionally, Rl Section 2.8 and FS Section 2.1.5 (Windward 2010; AECOM 2012) summarize the
habitat types in the entire LDW. The habitat types in the LDW include intertidal marshes, intertidal
mudflats, unarmored and armored intertidal areas, and subtidal areas. Intertidal marshes contain
marsh soils (generally fine-textured and nutrient-rich), supporting grasses, sedges, rushes, and
various other plants. For example, the Hamm Creek and Turning Basin restoration areas contain
intertidal marshes within the upper reach.

Intertidal mudflats are generally defined as the gently sloping areas from MLLW up to the edge of
intertidal marsh vegetation (Blomberg et al. 1988). They are unvegetated, with sand or mud
substrate, and represent most of the intertidal area within the upper reach.

Approximately 48 acres of the upper reach were identified in the ROD as potential clamming areas
based on bathymetric elevations (i.e., shallower than -4 feet MLLW), substrate, and salinity conditions
(EPA 2014). Due to the relatively coarse scale used to create the ROD maps, a portion of these

48 acres overlaps with the armored bank at Container Properties (approximately RMs 4.0 to 4.1); the
armored bank is not a potential clamming area. Potential clamming areas are a subset of the
intertidal areas.

Existing habitat restoration projects that have been constructed (or are currently planned for
construction) within the upper reach include the following:

e The King County shoreline habitat restoration project between RMs 3.3W and 3.4W, which
includes restoration of 300 linear feet of upland and intertidal habitat
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e The Boeing Plant 2 South Site habitat project between RMs 3.3E and 3.6E, which includes
1.2 acres of restored marsh habitat, 0.95 acre of restored riparian habitat, and 0.69 acre of
restored intertidal habitat

e The Duwamish River People’s Park and Shoreline Habitat project between RMs 3.5W and 3.9W
(formerly T-117), which restored 14 acres of native riparian buffer, intertidal marsh, intertidal
shoreline, and subtidal habitat

e The Hamm Creek habitat area located at RM 4.3W, where 1 acre of emergent salt marsh,
2 acres of freshwater wetlands, and nearly 2,000 feet of the Hamm Creek streambed have
been restored

e The Muckleshoot Tribe habitat area at Kenco Marine, which is located near the Turning Basin
at RM 4.6W, where 0.43 acre of emergent marsh and intertidal habitat and 0.23 acre of
riparian habitat have been restored

e Multiple restoration projects within the Turning Basin (RM 4.7W) that have included derelict
vessel removal, fill removal, creosote-treated piling and derelict structure removal, fill and
large woody debris placement, and riparian and emergent plantings, resulting in 5 acres of
restored intertidal habitat from 1996 through 2007 (Seaport Planning Group 2009)

2.4 Basemap Development

A basemap of the upper reach has been prepared as part of the design process and serves as the basis
for the Drawings (Volume lll). The basemap includes information from bathymetric and topographic
surveys, structures and debris surveys, utility reviews and surveys, and review of other information. The
horizontal datum for the basemap is North American Datum of 83 through the 1991 adjustment
(NAD83/91), State Plane Coordinate System, Washington North Zone, measured in U.S. Survey Feet.
The vertical datum for the basemap is in feet MLLW (based on the 1983 to 2001 tidal epoch).

2.4.1 Bathymetric and Topographic Surveys

Bathymetric and topographic surveys were conducted as part of the PDI. Phase | and Phase Il survey
collection methods and results are described in detail in the DER (Anchor QEA and Windward 2022a).
Phase Il survey collection methods and results are described in the Phase Il Data Report

(Appendix A).

In summary, bathymetric surveying was used to collect data throughout the upper reach, and
topographic surveying was used to supplement the bathymetry data on bank areas within or
adjacent to RAL exceedance areas up to MHHW. Where the bathymetric and topographic survey
coverage overlapped, the bathymetry data are generally used as the basis of the basemap due to
greater data density. Gaps in spatial coverage between the Phase | bathymetric and Phase I
topographic surveys were filled via interpolation and use of publicly available Light Detection and
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Ranging (LIDAR)'® data from the Puget Sound LIDAR Consortium (PSLC 2016) for the Preliminary
(30%) RD. These data gap areas were the focus of the Phase Il PDI topographic survey, and results
from that survey have been incorporated into the project basemap to reduce or eliminate the use of
interpolation and LiDAR data in these areas. Figures 2-5a through 2-5k show how the data were
merged to create a composite elevation dataset for the basemap.

2.4.2  Structure and Debris Surveys

Location data and information on structures were obtained from the Waterway User Survey

(Integral et al. 2018). The topographic survey team also collected survey point data for significant
bank features, such as structure corner points, debris areas, and outfalls. The locations of significant
debris features were delineated in more detail during the Phase Il topography data collection. These
features have been integrated into the basemap.

2.4.3 Utilities

Location data and information on outfalls were originally obtained from the LDW RI

(Windward 2010) and Ecology's 2014 outfall inventory (Leidos 2014) and further updated based on
Ecology's 2020 Outfall Inventory Updates for the LDW (Leidos 2020). In addition, outfall information
has been supplemented by information available from the LDWG parties. As noted previously, outfall
information was also collected during the topographic surveying activities for outfalls in or adjacent
to RAL exceedance areas, and this information was used to update or replace the existing
information from the Outfall Inventory Updates. Finally, a review of available documents, such as
as-builts from recent construction projects in or near the site, was also completed. The updated
outfall information is presented in the figures in this report.

In addition to outfalls, there is one known active utility crossing in the upper reach associated with
the current South Park Bridge, and there are abandoned utility crossings associated with the former
bridge (Roark 2022). The location of these crossings was incorporated into the basemap from the
South Park Bridge construction documents provided by King County (KCDOT 2010). During the
Phase Il PDI, LDWG conducted utility locate research and utility clearance through 811. Through this
review, no additional crossings were identified.

2.4.4  Other Basemap Data

A variety of other data have been incorporated into the basemap, including the following:

e Aerial photography
e Property boundary maps

' | iDAR data collection methods, interpretation, resolution, and accuracy are described in detail in the LiDAR submittal report
(Quantum Spatial 2016).
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e Construction project as-built surveys (including EAAs, habitat projects, and ENR/AC Pilot plot
boundaries)

e USACE centerline and stationing

e Habitat features along bank areas

2.5 Data Sources and Evaluations

PDI chemistry data used in the Final (100%) RD were collected over three phases between 2019 and
2022, as summarized in the DER (Anchor QEA and Windward 2022a) and the Phase Il Data Report
(Appendix A). The DER evaluations, which incorporated the PDI data into the design dataset, are a
key input to this BODR and include the following:

¢ Combined new and existing sediment chemistry data based on the data management rules
presented in the DER

e Comparisons of sediment chemistry data to the RALs based on the ROD criteria

e Adjusted recovery category areas based on ROD criteria

e Interpolated sediment chemistry data to delineate RAL exceedance areas

e Assignment of preliminary remedial technologies based on ROD criteria

The methods used to define remediation areas are presented in Sections 4 through 6 of this BODR.
Section 4 describes how the horizontal and vertical extents of contamination are defined. Section 5
presents the Final (100%) RD assignment of remedial technologies. Section 6 builds on the
considerations presented in Sections 4 and 5 and, combined with engineering considerations,
develops and presents RAAs. Section 7 describes the approach for grouping RAAs into SMAs.

The DER also summarizes the following PDI data that support the RD:

e Geotechnical investigations

e Bank visual inspections

e  Structures inspections

e Bathymetric, topographic, and other surveys
e Other engineering design data

These data are used in Section 8 (Geotechnical Engineering Considerations), Section 9 (Structural
Engineering Considerations), Section 10 (Remedial Technology Design), and, as supporting
information, across other sections of this document.
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3 ARARs Compliance Evaluation

This section describes the Applicable or Relevant and Appropriate Requirements (ARARs) embodied
in the federal and state laws that govern the work, as identified in the ROD (EPA 2014). Some of the
ARARs include requirements to obtain permits and approvals. Pursuant to Section 121 of CERCLA
(United States Code [USC] Title 42, Section 9621), no permits are required for on-site remedial
actions. Only substantive requirements of these laws and implementing regulations apply. EPA will
determine substantive compliance with ARARs in coordination with resource agencies, as EPA deems
appropriate, using the supporting information presented in this section and related appendices.

ARARs fall into several categories including cleanup and waste management standards, water quality
and waterway protection, environmental protection, air quality and noise, and archaeological,
cultural, and historic resources. This section describes how compliance with ARARs will be achieved
and documented. In general, measures that address ARAR compliance are documented in the
Specifications (Volume Ill). However, some ARARs will require the preparation of specific deliverables,
as noted in the following sections. Appendix B contains supplemental details for each of the laws and
regulations described herein.

3.1 Hazardous Substance Cleanup and Sediment Quality

Specific cleanup levels and RALs are identified in ROD Sections 8.2.1 and 13.2.1, respectively

(EPA 2014). The RALs are being used to delineate areas where remedial action is necessary.
Implementing remedial actions (e.g., dredging, capping, ENR) will not, by itself, address the ARARs
associated with cleanup standards, including Sediment Management Standards. MTCA is
Washington's environmental cleanup law (Revised Code of Washington [RCW] 70.105D, Washington
Administrative Code [WAC] 173-340) and implements sediment standards under WAC 173-204. The
remedy has been designed to meet RALs at the time of the remedy construction completion.
Successful implementation of the remedy will be documented in a construction completion report,
and long-term monitoring will be developed as part of the Long-Term Maintenance and Monitoring
Plan (LTMMP). Maintenance and monitoring will begin at the completion of the upper reach
construction and will document compliance with (or progress toward) meeting cleanup levels as well
as the continued effectiveness of the remedy. Although natural recovery processes are ongoing, the
10-year period for achieving cleanup levels through natural recovery will begin after sediment
remedial construction is completed for the entire LDW site unless otherwise determined by EPA.

3.2 Surface Water Quality

Several federal and state programs regulate surface water quality, including the following:

¢ Ambient Water Quality Criteria per Clean Water Act (CWA) Section 304(a) and 33 USC 1314(a)
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¢ National Toxics Rule Standards (40 Code of Federal Regulations [CFR] 131.36[b][1]) as applied
to Washington (40 CFR 131.36[d][14])

e Washington State Water Pollution Control Act (RCW 90.48)

e Washington State Water Quality Standards (WAC 173-201A)

Sediment remediation will improve surface water quality in combination with source control
implementation under state-lead authority. According to the ROD, surface water standards shall be
at least as stringent as all of the following:

e "All water quality standards in WAC 173-201A;

e Ambient Water Quality Criteria unless it can be demonstrated that such criteria are not
relevant and appropriate for the LDW or for a specific hazardous substance; and

e The National Toxics Rule.” (EPA 2014)

Monitoring for relevant Ambient Water Quality Criteria will occur during construction. For any
construction-related discharges to the LDW, water quality monitoring will occur per an approved
Water Quality Monitoring Plan (WQMP; included in the CQAP [Volume II, Part |, Appendix A]), BMPs
will be employed, as needed, for the protection of water quality, and response actions will be
required in the event of any exceedances of the compliance criteria identified in the WQMP.

The water quality standards for surface water implement portions of the federal CWA by specifying
the designated uses for water in Washington. For the Duwamish River, designated uses include
aquatic life uses for rearing and migration, recreation uses for primary contact, and water supply uses
for all uses except domestic water.

3.3 Waste Management

Several federal and state laws regulate the characterization, storage, and transportation for disposal
of waste materials derived from remediation activities. These include the following regulations
pertaining to solid waste disposal; waste treatment, storage, and disposal; and land disposal of
waste:

e Solid Waste Disposal Act (42 USC 6901-6992K; 40 CFR 257-258)

e Solid Waste Management (RCW 70.95; WAC 173-350)

e Resource Conservation and Recovery Act, Hazardous Waste (42 USC 6901-6992K, 40 CFR
260-279)

e Dangerous Waste Management (RCW 70.105; WAC 173-303)

e Toxic Substances Control Act (15 USC 2605; 40 CFR 761.61][c])

e Resource Conservation and Recovery Act, Land Disposal Restrictions (42 USC 6901-6992K;
40 CFR 268)
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All material removed from the upper reach will be managed in a commercial permitted disposal site.
Based on the data in the RI (Windward 2010) and DER (Anchor QEA and Windward 2022a), a
hazardous/dangerous waste screening was performed comparing bulk concentrations of toxicity
characteristic leaching procedure (TCLP) constituents to 20 times the TCLP regulatory levels (the

20 times rule” commonly used as a screening tool), and two RAAs (18 and 22) were identified for
additional characterization. This screening is inherently conservative, and when applied to an
individual sample, an additional level of conservatism results: waste characterization applies to bulk
material, which would more appropriately be characterized using a composite approach rather than
an individual sample approach.

A preliminary waste characterization was performed, as described in Volume Il, Part V, on three
composite sediment samples (two from RAA 18 [northern and southern areas] and one from RAA 22)
and on composite samples representing three debris piles. All sediment and debris samples passed
the TCLP, and sediment from the southern portion of RAA 18 and RAA 22 was determined not to be
a toxic dangerous waste. In addition, acute toxicity testing was conducted, as described in Volume II,
Part V, which confirmed that the debris will not need to be managed as dangerous waste. Sediment
from the northern portion of RAA 18 was preliminarily determined to be a toxic dangerous waste
based on the results of the bulk chemistry and the book designation procedure defined in

WAC 173-303-100(5)(b). A bioassay was not performed on sediment from the northern portion of
RAA 18 because sufficient sample material was not available. As described in Section 2.2, action in
RAA 18 is being deferred. A complete preliminary waste determination for this RAA will be
performed when appropriate.

Sediments in the upper reach are also not expected to contain concentrations of PCB compounds
regulated under the Toxic Substances Control Act. The highest total PCB concentration in sediment
was 233 milligrams per kilogram (mg/kg) in the 0 to 10 cm interval at location NFK305. The sample
was collected in 1995. Subsequent samples collected in the vicinity of this location found much lower
concentrations of PCBs. All other samples collected in the upper reach had total PCB concentrations
below 50 mg/kg, which is the concentration above which materials are regulated under the Toxic
Substances Control Act.

Characterization of wastes for disposal acceptance will be based on data from the RD and
supplemented as needed during the remedial action. The specific disposal facility and modes of
transportation will be proposed by the contractor, subject to EPA review and approval. All off-site
disposal or recycling of remediation wastes will be at permitted facilities in compliance with EPA’s
Off-Site Rule (40 CFR 300.440).

When material is staged or transferred between modes of transportation, the transfer will be
performed at an existing permitted commercial transfer facility, or a new transfer facility will be
established with appropriate permitting or substantive permitting compliance. A transportation and
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disposal plan will be prepared after a contractor is selected as a pre-construction submittal as part of
the contractor’'s Remedial Action Work Plan (RAWP) for EPA review and approval.

Shipments of material from the site for disposal will be documented and quantities reconciled to
confirm that material removed from the site is disposed of properly. For material that is not
regulated as hazardous/dangerous waste, trip tickets will be reconciled with waste receipts issued by
the disposal facility. If any material is found to be regulated as hazardous/dangerous waste,
manifests will be used to track the material from the point of generation to disposal. The
transportation and disposal plan will contain additional details about the characterization, handling,
and documentation of material removed from the site. Quantities of waste removed from the site will
be reported during construction and summarized in the construction completion report.

If characterization of sediment determines that any of the removed material will be regulated as
hazardous/dangerous waste, the contractor will obtain a generator identification number and
manage the material characterized as hazardous/dangerous waste in a facility permitted to manage
such material. The material would be treated prior to disposal to meet the requirements of applicable
land disposal restrictions. Any hazardous/dangerous waste removed from the upper reach will be
managed at facilities operating in conformance with their operating permits; facility compliance will
be confirmed with the appropriate EPA Off-Site Rule contact prior to shipping any waste from the
site. The episodic generation provisions of 40 CFR 262 Subpart L and WAC 173-303-173 will apply to
the remedial action for any sediment found to be regulated as hazardous or dangerous waste.

3.4 Dredge/Fill and Other In-Water Construction Work

Several federal and state programs regulate the discharge of dredged and fill materials and in-water
construction work. These programs include the following:

e CWA Sections 401 and 404 (33 USC 1341, 1344; 40 CFR 121.2, 230, 232;
33 CFR 320, 322-323, 328-330)

e Hydraulic Code Rules (RCW 77.65; WAC 220-660)

¢ Dredged Material Management Program Suitability Determination (RCW 79.105.500;
WAC 332-30-166 [3])

e Rivers and Harbors Act Section 10 (33 USC 403)

e Rivers and Harbors Act Section 408

EPA will issue a CWA Section 404 ARAR Memorandum defining requirements for CWA Section 401
compliance (i.e., cleanup actions meet applicable water quality standards). The Final (100%) RD
includes evaluations to predict potential water quality effects due to dredging, as described in
Appendix M. Based on these evaluations, no acute or chronic water quality exceedances of
contaminants of concern (COCs) are predicted. EPA and Ecology will use this information to develop
specific water quality monitoring requirements in the CWA Section 404 ARAR Memorandum. Prior to
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construction, EPA will issue a finding that substantive requirements of the CWA Section 404 ARAR
Memorandum have been met, potentially with conditions determined in coordination with Ecology.
The WQMP (Volume II, Part |, Appendix A) describes the specific requirements for monitoring water
quality during construction and steps to be taken to mitigate exceedances of water quality
standards, if any occur. The WQMP will be finalized to reflect any conditions or requirements
contained in the CWA Section 404 ARAR Memorandum. The results of water quality monitoring and
any corrective actions taken will be regularly reviewed during construction to assess the need for any

corrective actions and summarized in the construction completion report.

A key element of compliance with CWA Section 404 is evaluation of the placement of dredged or fill
material within waters of the United States. Federal regulations (40 CFR 230) set forth specific
standards to implement CWA Section 404(b)(1). No material will be placed in the water until EPA has
reviewed and approved the characterization results. Appendices C and D present the Clean Water Act
Sections 401/404 and Rivers and Harbors Appropriations Act Section 10 Substantive Compliance Report
and the Section 408 Substantive Compliance Report, respectively, for the remedy.

Although a Washington Department of Fish and Wildlife Hydraulic Project Approval is not required
for this project, substantive compliance will require the implementation of conditions to avoid or
reduce potential impacts to aquatic species or habitats during construction. Examples of these
conditions include the following:

e Work within established in-water work windows for the waterbody.

e Establish a staging area in a location that will prevent contaminants from entering waters of
the state.

e Clearly mark boundaries establishing limits of work.

e Check equipment daily for leaks, and complete repairs before using equipment in or near the
water.

¢ During excavation, complete each pass with the clamshell or dragline bucket.

e Do not stockpile dredged material waterward of the ordinary high water mark.

e Dispose of dredged bed materials in an approved disposal site.

e To reduce turbidity, hopper dredges, scows, and barges used to transport dredged materials
to the disposal or transfer sites must completely contain the dredged material.

The Specifications (Volume Ill) identify conditions to be required.

The Final (100%) RD does not include open-water disposal or beneficial reuse of sediments.
Therefore, there are no specific requirements of the Dredged Material Management Program that
are currently incorporated into the design.

Requirements for dredging, capping, ENR, and backfill elevations have been established in the ROD
(EPA 2014) and were designed to accomplish the following: 1) preserve navigation and commerce by
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maintaining elevations below the authorized depth in the FNC; and 2) preserve habitat at elevations
between -10 feet MLLW and MHHW. Any existing structures that are demolished or modified as part
of the project will be either restored to provide the functional equivalent of existing conditions or
permanently removed with consent of the owner.

3.5 Fisheries, Wildlife, and Endangered Species

Several regulations relate to fisheries, wildlife, and endangered species, including the following:

e Endangered Species Act (ESA) (16 USC 1531-1544)

e Migratory Bird Treaty Act (16 USC 703-712; 50 CFR 10 and 21)
e Bald and Golden Eagle Protection Act (16 USC 668; 50 CFR 22)
e Bald Eagle Protection Rules (RCW 77.12.655; WAC 232-12-292)

In accordance with Section 7 of the ESA (16 USC 1536), a BA is provided in Appendix E of this BODR.
The BA is intended for EPA to submit to the U.S. Fish and Wildlife Service (USFWS) and the National
Marine Fisheries Service (NMFS) to initiate formal consultation about the potential effects of the
proposed remedial action and ways to reduce those effects on species listed under the ESA
(Appendix E). The impact of remedial activities on all habitat types, including the ROD-defined
"habitat areas” (EPA 2014), are being evaluated during RD to comply with CWA Section 404 and
Section 7 of the ESA to support the BA. The result of the habitat evaluation will determine if the
remedial activities are expected to improve or degrade habitat conditions relative to existing
conditions.

NMFS and USFWS will issue a Biological Opinion that states whether EPA has ensured that its action
is not likely to jeopardize the continued existence of a listed species or result in the destruction or
adverse modification of critical habitat. Biological Opinions provide an exemption for the “incidental
take” of listed species (e.g., harassment, harm, pursuit, hunting, shooting, wounding, killing, trapping,
capturing, or collecting) while specifying the extent of incidental take allowed, the reasonable and
prudent measures that would reduce impacts from the federal action, and the terms and conditions
with which EPA must comply.

Consideration of the effects of federal actions on Essential Fish Habitat (EFH) for covered species
including salmonids is required under the Magnuson-Stevens Fishery Conservation and Management
Act (16 USC 1801) and its implementing regulations. Typically, state or federal agencies planning
actions that might adversely affect an EFH-managed species must formally consult with NMFS
regarding the action. An EFH evaluation is included in the BA (Appendix E).

Allowable periods of in-water work have been identified as designated by NMFS and USFWS and
published on the USACE website (see Section 13 for details on the in-water work window scheduling
assumptions). Specific habitat mitigation measures, including the use of habitat compatible
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substrates and restoring pre-construction grades and elevations within habitat areas are
incorporated into the RD. The Biological Opinion may include additional conservation measures
(such as restrictions on allowable work periods in certain areas) to further reduce impacts.

During the remedial action, steps will be taken as needed to protect habitat for migratory birds and
avoid disturbances of their nests and eggs.

If the nearest documented bald eagle nest is within the buffer distances to the remedial construction
activity, construction will occur outside the bald eagle nesting season. If the nearest documented
bald eagle nest is farther away from the project site than the buffer distances, the proposed action
will be considered to be compliant with the Bald and Golden Eagle Protection Act. Information from
the Washington Department of Fish and Wildlife bald eagle database will be obtained prior to
construction to determine whether any bald habitats (e.g., nests, roosts, and forage) are present in
the vicinity of the upper reach.

3.6 Floodplain Protection

In order to comply with the Floodplain Management Procedures (40 CFR 6, Appendix A, Section 6;
see also Executive Order 11988), RD will avoid adversely impacting floodplains and wetlands
wherever possible and consider flood hazards and floodplain management. If there is no practicable
alternative to locating in or affecting floodplains or wetlands, potential impacts will be reduced to
the extent practicable. In accordance with this regulation, the design will maintain the flood carrying
capacity within the LDW. Details of the Flood Rise Analysis that was conducted as part of Final
(100%) RD are described in Section 10.8 and Appendix L.

3.7 Shoreline Management

The City of Seattle Shoreline Master Program (Seattle Municipal Code 23.60A), City of Tukwila
Shoreline Master Program (Tukwila Municipal Code 18.44),"" and King County Shoreline Master
Program (King County Code 21A.25) govern the shoreline areas within 200 feet of the ordinary high
water mark. However, the Shoreline Management Act (RCW 90.58; WAC 173-26) provides exceptions
for cleanup actions. Per RCW 90.58.355 and WAC 173-27-044, remedial actions at a facility pursuant
to a Consent Decree, order, or agreed order are not required to obtain shoreline permits or undergo
local review. Although the project qualifies for an exception from the Shoreline Management Act, the
proposed activities would all be allowed uses and incorporate BMPs or conservation measures to
avoid, minimize, or mitigate for potential adverse impacts to the shoreline environment, consistent
with mitigation sequencing requirements. The project will still substantively comply with the

" Although the City of Tukwila Shoreline Master Program was not listed as an ARAR in the ROD, Tukwila Municipal Code
Section 18.44 is being considered during RD.
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Shoreline Management Act by resulting in no net loss of ecological function, and in fact, will result in
a net gain, based on the habitat evaluation completed for the Biological Assessment in Appendix E.

3.8 Air Emissions and Noise

The following federal and state laws regulate the impacts of air emissions:

e Clean Air Act (42 USC 7401-7671q; 40 CFR 50)
e Washington Clean Air Act (RCW 70.94; WAC 173-400)
¢ Noise Control Act (RCW 70.107; WAC 173-60-040, 050)

In addition, compliance with noise requirements will be required for the cities of Seattle and Tukwila
and unincorporated King County areas when working close to residential areas (upland and
liveaboard) adjacent to the project site perimeter to limit the extent of possible noise impacts to the
community (Seattle Municipal Code Chapter 25.08; Tukwila Municipal Code Chapter 8.22;

King County Title 12.86). For the remedial action, reasonable precautions must be taken to
accomplish the following: 1) prevent the release of air contaminants; 2) prevent fugitive dust from
becoming airborne; and 3) maintain and operate the source to limit emissions (RCW 70.94). The
Specifications (Volume Ill) require that the contractor’s operations limit air emissions. The project will
comply with these ARARs through the development of the design specifications and BMPs
implemented during construction.

Maximum permissible environmental noise levels for sound sources measured at or within the
boundary of a receiving property, subject to exemptions, are specified in Section 11.3.1.2, along with
time of day considerations and BMPs during construction.

3.9 Historic Resources

The following federal laws regulate historic resources:

¢ National Historic Preservation Act Section 106 (16 USC 470; 36 CFR 800)
¢ Native American Graves Protection and Repatriation Act (25 USC 3001 et seq.)
¢ American Indian Religious Freedom Act (42 USC 1196 et seq.)

The effect of the remedial activity on any district, site, building, structure, or object included or
eligible for inclusion in the National Register of Historic Places will be evaluated in consultation with
the State Historic Preservation Office during RD. An Archaeological Monitoring and Inadvertent
Discovery Plan has been prepared (Volume I, Part |, Appendix D) to be implemented by the
Implementing Entity or contractor during construction.

The LDW and its surrounding area have a long history of pre-colonial tribal use, and cultural
resources are known to exist in areas of land and shoreline along the waterway. It is possible that
inadvertent disturbance of Native American or other cultural materials from earlier times may occur
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as a result of sediment dredging. To protect Native American burials and cultural items, the
regulations require that if such items are inadvertently discovered during excavation, the excavation
must cease, and the affiliated tribes must be notified and consulted. The Specifications (Volume IlI)
require the contractor to monitor for cultural resources and to cease excavation should such items
be observed in the materials being loaded onto the barges. If Native American or other cultural
materials may be unearthed, the National Historic Preservation Act (16 USC 470), American Indian
Religious Freedom Act (42 USC 1196 et seq.), and their implementing regulations require that federal
agencies must also consider the possible effects on historic sites. If an agency finds a potential
adverse effect on historic sites or structures, the agency must evaluate alternatives to avoid,
minimize, or mitigate the impact, in consultation with the State Historic Preservation Officer. The
Specifications also require the contractor to cease excavation should such materials be observed in
the materials being removed.
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4 Extents of Contamination

For the purpose of RD, the term “extents of contamination” in this BODR refers to the horizontal and
vertical limits that exceed thresholds for application of an active remedial technology per the ROD
(EPA 2014).

The predicted horizontal and vertical extents of contamination, defined based on the design dataset,
reflect the spatial extent of sediment that exceeds RALs and represents the minimum remediation
surface. This section describes the methods used to develop the horizontal and vertical extents of
contamination for the site.

41 Horizontal Extents of Contamination

The horizontal extent of contamination was defined using the design dataset and applying
geostatistical interpolation methods, as described in the DER (Anchor QEA and Windward 2022a). This
delineates the areas with RAL exceedances in the upper reach. The horizontal extents of contamination
adjacent to banks were extrapolated to the MHHW elevation. Appendix K in the DER provides a
detailed analysis of the geostatistical interpolation methods. Updated Phase lll RAL exceedance area
maps are provided in the Phase Ill Data Report (see Appendix A, Attachment A.4).

4.1.1 Horizontal Interpolation Methods

PCBs were selected as the primary COC for geostatistical interpolation because PCBs delineate a
majority'? of the RAL exceedance areas in the upper reach. Other COCs exceeding RALs in localized
areas were evaluated separately. Interpolations were performed on two sediment depth-defined
datasets over which RALs are applied: surface sediment, defined as 0 to 10 cm (0 to 4 inches); and
subsurface sediment, defined as 0 to 45 cm (0 to 1.5 feet) in intertidal areas, 0 to 60 cm (0 to 2 feet)
in subtidal areas, and shoaling intervals in the FNC." The interpolated results for PCBs and other
COCs, in surface and subsurface sediments, were combined in the final RAL exceedance area
footprint, which served as the foundation to establish the horizontal extents of contamination.

Interpolation method selection and application were developed through a series of technical
meetings with LDWG and EPA statisticians. The following two interpolation methods were selected
based on the assessment described in the DER (Anchor QEA and Windward 2022a):

¢ Indicator Kriging (PCBs): Indicator kriging was selected as the preferred method for PCB
interpolation. Indicator kriging has been successfully applied to support RD and remedial

12 Based on the results of the interpolation work described in the DER (Anchor QEA and Windward 2022a), PCBs were estimated to
account for 88% of the RAL exceedance areas in the upper reach. This percentage was calculated as the ratio of interpolated RAL
exceedance area circumscribed by PCBs (in acres) to the total RAL exceedance area circumscribed by all COCs (see DER Appendix K
Map K-4a [Anchor QEA and Windward 2022a]).

' The maximum concentration in any shoaling interval or the -15- to -17-foot MLLW interval (i.e., 2 feet below authorized FNC
depth in the upper reach of LDW) was selected for each shoaling core location.
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action in the Lower Fox River, Green Bay, Wisconsin (Kern et al. 2008; Wolfe and Kern 2008;
Anchor QEA and Tetra Tech 2016) and is recommended for use in sediment RD in Portland
Harbor, Portland, Oregon.

e Thiessen Polygons (other COCs): In localized areas, the RAL exceedance area boundary was
expanded where other COCs exceeded RALs but PCBs did not. The RAL exceedance area
boundaries for COCs other than PCBs were established using Thiessen polygons, a simpler
geometric and deterministic interpolation method.

4.1.2 Horizontal Interpolation Results

Indicator kriging provides quantitative, probabilistic information directly in the interpolation output
and is a primary line of evidence for assessing the uncertainty of the PCB RAL boundary. The
indicator kriging results represent the probabilities of exceeding the applicable depth-specific and
area-specific PCB RALs, expressed in units of percent. The indicator kriging maps presented in the
Phase Il Data Report (Appendix A) include contours ranging from 20% to 80% probabilities of
exceedance, at 10% intervals, as shown in Maps A.4-6a through A.4-6c¢ in Appendix A,

Attachment A.4. The 50% (median) PCB RAL exceedance boundary combined for both surface and
subsurface sediments is overlain with Thiessen polygons for other COCs where they extend beyond
the PCB boundary, as shown in Figures 4-1a through 4-1d.

The 50% probability of exceedance contour represents the median or central tendency estimate of
the horizontal PCB RAL exceedance boundary (i.e., horizontal extent of contamination for PCBs). On
the Fox River and Hudson River sediment cleanup sites, the median kriging estimate was similarly
used to define the remediation boundary for RD (Thornburg et al. 2005; QEA 2007; Kern et al. 2008;
Wolfe and Kern 2008; Anchor QEA and Tetra Tech 2016). The 50% (median) probability of
exceedance contour plus Thiessen polygons for other COCs was therefore used as the minimum
basis for setting RAA boundaries in the upper reach. In consultation with EPA, additional Phase Il PDI
samples were collected to further reduce the uncertainty of RAL exceedance area boundaries in
specific locations, and these Phase Ill data are incorporated in the Final (100%) RD (including in the
revised interpolation discussed in this section).

As described in Section 6 of this BODR, the RAA boundaries (i.e., remediation footprint) were
expanded beyond the interpolated RAL 50% probability exceedance area boundaries to address
engineering and constructability considerations. As a result, the RAAs provide even greater
confidence that RAL exceedances are being comprehensively addressed by RD.

In total, 36 distinct RAL exceedance areas were identified in the upper reach, as shown in Figure 4-2.
These areas include RAL exceedances and interpolation-only areas.
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4.2 Vertical Extents of Contamination

The vertical extent of contamination within RAL exceedance areas was defined on a point-by-point
basis using sediment core sample data, the conceptual site model, and, as a line of evidence,
historical dredging limits adjacent to the FNC, as documented in USACE post-dredge surveys. As
detailed in Table A.1-3 of Appendix A, there are two elevation datasets available for each sediment
core location: the real-time kinematic differential global positioning system (RTK-DGPS) field
measurement and the bathymetric mudline elevation. The RTK-DGPS field measurements typically
registered a lower mudline elevation than the bathymetry data, leading to a more conservative
estimate (i.e., deeper) of the bottom elevation of contamination. Thus, the RTK-DGPS-derived

elevations were used to define the vertical extents of contamination.

The ROD does not define RALs for vertical data collected deeper than the 0- to 45-cm or 0- to 60-cm
intervals outside of shoaled areas of the FNC. The vertical extent delineation assumes that once an
area has been designated for dredging based on results in surface or subsurface RAL intervals,
dredging would be advanced to a depth interval whereby the post-dredge surface (assessed as a
1-foot depth core interval) would not exceed the surface RALs (0- to 10-cm [0- to 4-inch] RALs).™
The vertical extent of contamination is based on the bottom elevation of the deepest vertical core
interval with concentrations greater than a surface RAL, with at least 1 foot of sediment with no
surface RALs exceedances below. For PDI cores that advanced into the native alluvium, the top 1-foot
interval of the native alluvium layer was sampled separately from the sediment above. No RAL
exceedances were reported in samples from the native alluvium layer (see DER Map 3-4 series
[Anchor QEA and Windward 2022a]). Therefore, sediment remediation does not extend into the
native alluvium.

As noted previously, contamination was considered vertically bounded if there was at least one
1-foot sampling interval below the depth of contamination without surface RAL exceedances. When
neighboring cores indicated a different vertical extent of contamination, the horizontal halfway point
between the two cores generally defined the extent over which each dredge elevation or thickness
was applied.

To define the required dredge elevation, the vertical extent of removal at each core location was
adjusted downward (i.e., deeper removal) considering engineering factors such as constructability.
Section 10.2.4 provides detail on how the vertical extent of contamination was translated into
required dredge elevation or required dredge thickness for areas where dredging is the selected
technology.

' The surface sediment RALs used to evaluate the vertical intervals were based on the recovery category associated with each
location. The surface sediment RAL for PCBs is the same in all recovery categories (ROD Table 28 [EPA 2014]).
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5 Remedial Technology Assignment

Remedial technology assignments were initially defined in the Phase Il QAPP Addendum and then
updated in the DER (Anchor QEA and Windward 2022a). Remedial technologies assignments are
assigned to each RAL exceedance area based on Figure 19 and Revised Figure 20 of the ROD
(EPA 2014), taking into account many factors including mudline elevation, RAL exceedance factor,
depth of contamination, and recovery category designation.

Potential remedial technologies identified in the ROD (EPA 2014) for intertidal and subtidal areas
include the following:

Intertidal:

e MNR below benthic SCO™

e MNR to benthic SCO™

e Area-specific technology

e ENR

e Partial dredge and engineered cap
e Dredge and backfill

Subtidal:

¢ MNR below benthic SCO

¢ MNR to benthic SCO

e Area-specific technology

e ENR

e Partial dredge and engineered cap

e Dredge (with backfill in habitat areas)
e Engineered cap

The preliminary remedial technology assignments from Table L-1 of the DER (Anchor QEA and
Windward 2022a) included multiple technology options for areas with data gaps or areas that spanned
boundaries with different applicable technologies (e.g., intertidal/subtidal areas, recovery categories,
large areas with varied sample results). For the Final (100%) RD, the technology assignments have been
updated based on available data, site condition information, and engineering considerations, and are
summarized in Table 5-1 and Figures 5-1a and 5-1b. Figure 5-2 shows sample locations where MNR to
benthic SCO is applicable (see Section 10.7.1 for further discussion on this topic).

"5 Per the ROD, MNR below benthic SCO will be applied where the concentration of all COCs is less than the RAL and the RAO 3
cleanup levels (benthic SCO criteria), but greater than the human health-based (RAOs 1 and 2) cleanup levels (which are measured
on an LDW-wide or area-wide basis; EPA 2014).

"6 Per the ROD, MNR to benthic SCO will be applied where the concentration of any of the 39 RAO 3 COCs (i.e., excluding the human
health COCs PCBs and arsenic) is less than the RAL but greater than the RAO 3 cleanup levels (benthic SCO criteria; Table 27 of the
ROD [EPA 2014]) and modeling results indicate that the COC will be reduced to the benthic SCO criteria within 10 years of the
completion of remedial action (EPA 2014).
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Table 5-1

Final (100%) Remedial Design Technology Assignments by RAL Exceedance Area

RAL Exceedance Technology
Area Assignment’ Notable Factors Impacting Technology Assignment
1 Dredge None
2 Dredge None
3 Dredge None
4 Dredge None
5 Dredge This area includes a dredge offset from the South Park Bridge fender.
6 Dredge None
7 ENR None
8 Dredge None
This is an interpolation-only area.?? This area is not considered
constructable due to its location immediately beneath and behind the
9 None . . . . .
bridge fendering system, where access is too restricted for equipment to
operate. No remedial action is planned.
10 ENR None
Due to its proximity to the South Park Bridge, the required dredge offset
distance, the small size of the horizontal footprint, and the RAL exceedance
11 None being driven by mercury and fluoranthene with relatively low exceedance
factors of 1.04 and 1.1, respectively, no remedial action is planned for this
area (LDWG 2023).
12 Dredge None
This area is located on a steep slope. The material selection for ENR in this
13 ENR area has a coarser gradation to enhance stability compared to ENR that is
placed on gentler slopes or in flat areas.
14 Partial Dredge and | Partial dredge and cap over FNC and 10-foot buffer; dredge and backfill
Cap and Dredge | outside of 10-foot buffer
15 Partial Dredge and | Partial dredge and cap over FNC and 10-foot buffer; dredge and backfill
Cap and Dredge | outside of 10-foot buffer
16 Partial Dredge and | Partial dredge and cap over FNC and 10-foot buffer; dredge and backfill
Cap and Dredge | outside of 10-foot buffer
17 Dredge None
18 Deferred The remedy at RAA 18 is deferred as discussed in Sections 2.2 and 6.1.3.
19 Dredge None
20 Dredge None
This former interpolation-only area was sampled during Phase Ill PDI
21 None (location LDW22-SC800) and confirmed to be below the RAL. No remedial
action is planned.
Debris piles will be removed to the existing surrounding mudline surface
Py Dredge plus 2 feet of additional removal (consistent with the surrounding dredge
9 depth [see Section 10.2.4] and to provide sufficient removal depth to allow
for placement of 2 feet [60 cm] of clean backfill material).
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RAL Exceedance Technology
Area Assignment’ Notable Factors Impacting Technology Assignment
23 ENR None
An area-specific technology (amended cover; see Section 10.5) has been
Dredge and Area- . . . .
24 Specific Technolo applied to a portion of the area due to adjacent structure(s) and in the
P 9 | offset area immediately east of the ENR/AC Pilot plot.
25 Dredging None
%6 Dredge and Area- | An area-specific technology (amended cover; see Section 10.5) has been
Specific Technology | applied to a portion of the area to avoid impacts to the armored slope.
The bank of RAA 27 will require reconstruction after excavation. The
reconstructed bank has been designed to provide function as a cap, if
. necessary, and long-term monitoring and institutional controls will be
Dredge and Partial e - .
27 required if it is designated as a cap. If a cap is not needed (based on
Dredge and Cap* . . X .
post-excavation sampling during construction), the same bank
reconstruction detail will be used, but there would not be a need for
long-term monitoring of cap performance or related institutional controls.
Although the current Slip 6 elevations are within the range of habitat
28 Dredge elevations defined in the ROD, Slip 6 is a permitted berth. Therefore, the
dredge area will not be backfilled for habitat purposes.
29 Dredge None
30 Dredge None
31 Dredge None
32 Dredge None
33 ENR None
34 Dredge None
35 Dredge None
36 ENR None

Notes:

1. The technology assignment of “dredge” also requires backfill to restore existing grade in habitat areas (i.e., -10 feet MLLW and

above).

2. Interpolation-only areas are artifacts from the interpolation analysis and do not include a sample location with an RAL

exceedance.

3. Phase Il sampling was not conducted to confirm the “interpolation-only” classification of this area because of sampling
equipment access limitations.

Due to unknown sediment quality on the bank slope, an engineered cap is being designed for the area. Post-removal testing will

occur to determine if the engineered cap is required or whether the cap substrate will serve only as backfill below the armor surface.

AC: activated carbon
cm: centimeter

ENR: enhanced natural recovery
FNC: federal navigation channel
MLLW: mean lower low water
PDI: pre-design investigation
RAL: remedial action level

ROD: Record of Decision
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6 Remedial Action Areas Development

Following assignment of remedial technologies, areas with RAL exceedances were developed into
RAAs based on three primary considerations: engineering considerations, review of adjacent chemistry
results, and constructability of the assigned technology. Additionally, review of potential RAL
exceedance area boundary uncertainties was performed as a modifying consideration. The Preliminary
(30%) RD RAA extents were then defined using engineering best professional judgment. These
processes are described in the following sections. Following receipt of Phase Ill PDI data, these
considerations were revisited, resulting in the updated RAA footprints that are presented in the Final
(100%) RD.

Figures 6-1a through 6-11 show the RAA boundaries in relationship to the RAL exceedance areas, and
Figures 6-2a through 6-2j show the RAA boundaries in relation to the design dataset sample
locations and results.

6.1 Engineering Considerations

One step in the RAA development process involved reviewing the interpolated RAL exceedance area
boundaries with the overlying engineering design factors. These design factors vary slightly for each
of the different remedial technologies but generally result in the RAA boundaries that are more
linear (e.g., straight lines) and expand the remedial action footprint to encompass a larger area
compared to the RAL exceedance areas.

In some locations, engineering considerations result in an RAA boundary that is inside the
interpolated RAL exceedance area boundary; for example, where construction offsets from structures
or armored slopes will be required to protect structures or armored slopes. Areas where the RAA
boundary may not capture the full interpolated RAL exceedance area boundary are discussed in
Table 6-1.

The engineering considerations described in the following sections were used to define the Final
(100%) RD RAA boundaries.

6.1.1 Geometry Considerations

For RAAs where dredging or partial dredging and capping are the planned remedial technology, RAL
exceedance areas were enclosed by dredging toe-of-cut boundary lines composed of straight lines
and constructable angles for dredging feasibility. The toe of cut represents the boundary where the
contractor will be required to conduct full vertical depth removal. The toe of cut is generally set at or
outside of the RAL exceedance area boundaries (i.e., typically captures a larger area than the RAL
exceedance area). For RAL exceedance areas that extend up a slope, the toe of cut was sometimes
set inside the RAL exceedance area. In these cases, the dredge side slope was checked to confirm
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that the dredging removes the full depth of RAL interval exceedance within the full extent of the RAL
exceedance area. For ENR and amended cover placement areas, the RAA boundaries were not
squared off in straight lines because material placement over irregular shapes is less challenging
than material removal. A 10-foot horizontal buffer was added around the RAL exceedance area
boundary when developing ENR RAAs. No horizontal buffer is added to amended cover areas
because they are directly adjacent to dredge areas and structures.

6.1.2  Site Physical Conditions

Factors including but not limited to slopes, berthing depth requirements, presence of debris,
presence of armored slopes, and presence of structures in the uplands adjacent to a bank were also
considered. For example, when a RAL exceedance area is present on a sloped area, the RAA
boundaries were developed using straight lines that were drawn parallel and perpendicular to
existing contours to the extent possible. This was done to define action areas that are more stable for
dredging and backfilling and to provide dredge prisms that are easier to measure during
construction to confirm that the contractor is complying with design Drawings and Specifications.

Site physical conditions specifically consider slope stability and offsets as follows:

1. Sediment Stability/Side Slope Angles: Following definition of the toe of the dredge cut for
dredge prisms, side slope angles were established to leave a stable long-term post-dredge
surface or to provide a slope angle that is stable during construction but would need to be
backfilled to a flatter slope angle to achieve long-term stability. The side slope is the area over
which the dredge cut slopes up from the dredge elevation/depth to meet the existing mudline.
Side slopes are constructed at slope angles defined by recommendations from the geotechnical
analyses (Section 8).

2. Structure Offsets: For dredging areas, horizontal offsets from structures (e.g., the South Park
Bridge, bulkheads along CenterPoint Properties) were included based on a review of available
data compared to dredge depths. Horizontal offsets represent an area adjacent to the structure
that needs protection where no dredging or excavation will be allowed to prevent adverse
impacts to the adjacent structure."” The offset distance includes a horizontal offset from the top
of the daylight cut, which is where the dredge cut side slope intersects the existing mudline. For
ENR and area-specific technologies that include material placement areas, no offsets were
determined to be necessary.

3. Utility Offsets: Based on a records review, public and private utility locate, and property owner
outreach during Phase Il PDI activities, only one active submarine utility line was identified in the
upper reach. This buried line is located within the footprint of the South Park Bridge and is at an
elevation -37.7 feet MLLW, well below planned dredging activities. Because of the depth of this

7 Offsets are discussed further in Sections 8 and 9. A 3-foot dredge offset from structures is used in Pre-Final (90%) RD.
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utility, King County Roads Services Division confirmed that no offset is needed from the active
utility line (Roark 2023). An additional waterway crossing consisting of abandoned electric utility
lines associated with the former South Park Bridge was also identified in the area. Detailed
drawings obtained from King County indicate that the elevation (approximately -23 feet MLLW)
at which the lines crossed the LDW is close to the elevation of the planned dredging activities. In
addition, a cable lying on the mudline near the old bridge alignment has been abandoned in
place. King County Road Services Division has confirmed that any of these abandoned lines, if
they are encountered during construction, are approved to be removed and disposed of

(Roark 2022). Similar to the approach implemented during the Boeing Plant 2 EAA dredging, no
offset has been defined related to these abandoned lines.

6.1.3 Adjacent Early Action Areas, Upland Site Cleanup, and Habitat Site
Conditions

1. Adjacent EAAs: RAAs bordering EAAs were evaluated based on the horizontal and vertical extent
of EAA post-dredge surfaces. In cases where buried contaminated material is interpreted to
potentially remain between the RAA dredge prism and EAA post-dredge surface, RAA boundaries
were expanded to create a continuous remedy. Specifically, this occurred for RAAs 1/2/3 and
4/5/6, adjacent to the Boeing Plant 2 EAA. Phase Ill PDI data collected in these EAA border areas
were reviewed to confirm the horizontal boundaries for these RAAs. This evaluation occurred for
the other EAAs, and it was determined that no adjustments were required.

2. Upland Site Cleanups: As discussed in Section 2.2, there are five upland cleanup sites (four
Ecology-led and one EPA-led) that are adjacent to LDW upper reach RAL exceedance areas. The
remedy for one of the RAL exceedance areas (RAA 18) needs to be further assessed and
coordinated with the upland site in a process outside the upper reach design but within the
context and timing of the overall LDW Superfund Site cleanup. Additional details about this area
are as follows:

a. RAA 18 (adjacent to the Boeing Isaacson Thompson upland site; Figure 6-1f): Due to
unbounded contamination adjacent to a deteriorating bulkhead, understanding of the
adjacent upland RD progress, and Ecology's determination that upland sources are not
considered sufficiently controlled, the remedy at RAA 18 is being deferred. Deferral of the
remedy at this area will allow for integration of the upland and in-water cleanup actions,
which will improve the overall remedy effectiveness, decrease the risk for recontamination,
and provide time for source control sufficiency prior to in-water remedial action. An
integrated cleanup of RAA 18 and the upland area may also have the potential to improve
the habitat condition at this location. Until the upland cleanup is at a design stage
sufficient to develop an integrated cleanup action, an appropriate sediment/bank design
is not feasible. Additional in-water data were collected during the Phase Il PDI to support
subsequent in-water design efforts. A coordinated sediment cleanup at RAA 18 can be
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implemented within the overall time frame for the LDW Superfund Site, as shown in the
timeline comparison in Figure 6-3.
3. Habitat Areas: Information from recently constructed habitat areas (e.g., the Duwamish River
People’s Park and Shoreline Habitat project) was reviewed to set RAA boundaries along the
habitat areas to provide for a logical transition between habitat areas and the adjacent RAA.

6.1.4  Review of Other Available Engineering Information that Informs the
Physical Conceptual Site Model

Review of the USACE historical post-dredge and condition survey records from 1945 to 1978
indicated that maintenance dredging extended horizontally beyond the FNC in some locations
during past dredge events. This led to adjustment of the RAA toe of cut in one area during the
Preliminary (30%) RD and Intermediate (60%) RD. This RAA (RAA 1/2/3) was adjusted to set the toe
of cut inside the RAL exceedance area boundary to best match the RAA removal extents with the
lateral dredging extents interpreted from historical dredging records in that area. Phase Ill PDI data
were collected to verify the horizontal extent of contamination in RAAs 1/2/3 and 4/5/6, and the
dredge prisms have been adjusted accordingly.

6.2 Review of Adjacent Chemistry Results

Another step in developing RAAs involved reviewing design dataset sampling results immediately
outside of the RAL exceedance areas. Sample results near RAL exceedance areas were reviewed on a
point-by-point basis, and engineering best professional judgment was used to decide if and how far
to extend the RAA boundary. Specifically, samples that were close to exceeding the RAL

(i.e., between a RAL exceedance factor of 0.9 and 1) were reviewed with respect to proximity to RAL
exceedance areas and magnitude of nearby exceedances. Data density was also considered when
looking at specific areas where expansion of RAAs beyond the initial engineering considerations
could be warranted. No adjustments were made to boundaries following this review of the data.™

6.3 Constructability

After defining RAAs based on engineering considerations and a review of adjacent data, areas were
reviewed from a holistic perspective to identify potential constructability issues and reduce
complexity from a contractor’s constructability standpoint. Constructability refers to the ease and
feasibility for a remediation contractor to construct the RD and is affected by the type of equipment
the contractor uses, physical site conditions, and ability by the Owner to effectively monitor and
measure the contractor’s work. Similar to engineering considerations, constructability considerations
typically expand the area covered by an RAA (compared to the RAL exceedance area). Areas where

" Though no adjustments were made solely based on review of the adjacent chemistry results, several locations with exceedance
factors between 0.9 and 1.0 were encompassed into RAAs as a result of engineering considerations.
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the RAA boundary may not capture the entire RAL exceedance area boundary are discussed in
Table 6-1.

Modifications to RAAs to address constructability considerations include the following:

e Merging of areas near one another (e.g., RAAs 1/2/3 and 14/15/16): Leaving small areas
between RAAs will complicate construction and reduce efficiency. Remediating those small
areas between RAL exceedance areas can also help address other practical considerations
such as residuals management requirements.

¢ Incorporating small areas that are contained within a large RAL exceedance area but where
the interpolation predicts there is not a RAL exceedance: Although these small interior areas
with no RAL exceedances do not require action, the RD assumes that including these areas
(e.g., RAA 27) will result in overall more efficient and cost-effective removal than relying on
the dredging precision that would be necessary to exclude these areas.

e Considering equipment access limitations: Site restrictions that may limit the ability for
equipment access will be evaluated to avoid specifying a remedial action that is not feasible
to construct due to equipment inaccessibility.

6.4 Consideration of Interpolation Uncertainties in RAA Boundaries

This section discusses interpolation uncertainty and how such uncertainty informs further
adjustments, if warranted, to RAA boundaries beyond the adjustments already made for engineering
considerations, review of adjacent chemistry results, and constructability.

As noted in Section 4.1.2, the 50% probability of exceedance contour for PCBs in combination with
Thiessen polygons for other COCs (i.e., RAL exceedance areas) was used as the RAL exceedance
boundary, which was the starting basis for setting RAA boundaries.

During their development, RAA boundaries were compared at a high level against the RAL
exceedance area probability of exceedance contour banding maps that showed probability from 20%
to 80% of PCBs exceeding RALs based on data interpolation.

Figures 6-4a through 6-4c show the boundaries of RAL exceedance areas, probability of exceedance
bands (20% to 80%), and the Final (100%) RD RAA boundaries. As the figures show, the RAA
boundaries typically extend well beyond the RAL exceedance area boundaries due to design
adjustments for engineering factors, adjacent sediment chemistry, and constructability. This expansion
of the RAA boundaries addresses much of the potential uncertainty in the interpolation, effectively
removing much of the area with 40% to 30% probability of exceedance, and provides a high level of
confidence in achieving the intent of the ROD by actively remediating these larger areas.
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Where significant areas in the 30% to 40% uncertainty range remained outside of the RAA boundaries
during the Intermediate (60%) RD, additional Phase Il data were collected to inform revisions to RAA
boundaries.

6.5 Summary of Remedial Action Areas

Table 6-1 summarizes the unique or specific considerations for each RAA beyond the general
considerations described in Section 6.1. Appendix F discusses one additional RAA for an area where
the ROD (EPA 2014) carcinogenic polycyclic aromatic hydrocarbon (cPAH) RALs are exceeded.

The total surface area of the RAL exceedance areas included in the 100% RD, delineated as described
in Section 4, is 330,900 square feet (or 7.6 acres). For comparison, the total surface area of the RAAs
is 633,400 square feet (15.1 acres), which is an 91% increase from the RAL exceedance areas.

RAL exceedance area numbering presented in the DER (Anchor QEA and Windward 2022a) and
Preliminary (30%) RD has been retained for Final (100%) RD. For areas that have merged, the RAA is
referred to using all associated RAL exceedance area numbers (e.g., “RAA 1/2/3"). Numbering for the
Drawings (Volume Ill) has been replaced with SMA numbering (Section 7).
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Table 6-1
RAA Development Considerations

RAA Area-Specific RAA Development Considerations'

o Western toe of slope adjusted based on review of Phase Il PDI data.

e Eastern boundary expanded to overlap with Boeing Plant 2 EAA based on review of
as-built survey data.

1/2/3 e RAL exceedance areas 1/2/3 merged due to proximity and associated
constructability considerations.

e Non-RAL exceedance areas encompassed within RAA due to constructability
considerations.

o Western toe of slope adjusted based on review of Phase Il PDI data.

e Eastern boundary expanded to overlap with Boeing Plant 2 EAA based on review of
as-built survey data.

e RAL exceedance areas 4, 5, and 6 merged due to proximity and associated

4/5/6 constructability considerations.
e Non-RAL exceedance areas encompassed within RAA due to constructability
considerations.
o Dredge offset from South Park Bridge fenders applied.
7 ¢ No area-specific considerations.
8 e No area-specific considerations.
9 e This is an interpolation-only area and not considered constructable (Table 5-1);
remedial action is not planned in this area.
10 e No area-specific considerations.

e Due to its proximity to the South Park Bridge, the required dredge offset distance,
11 the small size of the horizontal footprint, and the low RAL exceedance factor, no
remedial action is planned for this area (LDWG 2023).

12 o No area-specific considerations.

o The typical 10-foot ENR buffer has been reduced along the marina basin to avoid
placement of material in the berthing area. The buffer was maintained on the north
and south sides of RAA 13 along the bank above the marina basin. This modification
of the buffer in the basin is not expected to reduce the effectiveness of ENR in this
location because the sample exceeding the RAL is located on the less depositional
armored bank, whereas the marina basin itself is a depositional area.

13

o RAL exceedance areas 14, 15, and 16 merged due to proximity and associated
constructability considerations.

e Review of Boeing Plant 2 EAA post-dredge data confirms the eastern boundary

14/15/16 matches EAA dredge limits.
* Review of T-117 EAA post-dredge data confirms the western boundary matches

EAA dredge limits.
e Non-RAL exceedance areas encompassed within RAA due to constructability
considerations.

e Review of Jorgensen Forge EAA post-dredge data confirms the eastern boundary

17 matches EAA dredge limits.
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RAA Area-Specific RAA Development Considerations'

Source control sufficiency and coordination of remedy with adjacent upland
cleanup (Boeing Isaacson Thompson) process is necessary for RAA 18. An

18 integrated upland/in-water remedy will be developed that will follow a timeline
compatible with the upland cleanup process (Figure 6-3) but within the overall
LDW site cleanup.
RAL exceedance areas 19 and 20 merged due to proximity and associated

19/20 constructability considerations.

Western toe adjusted based on review of habitat construction as-builts and Phase
[l PDI data.

> This is a former interpolation-only area that was verified to not exceed RALs based
on Phase Ill PDI data (location 800). Remedial action is not planned in this area.
Adjacent ENR/AC Pilot plot is used to define the edge of the RAA for design
purposes.

22 Debris removal area adjacent to sheetpile wall.
Coordination with adjacent upland cleanup property (8801 East Marginal Way)
conducted throughout design phases.

23 Western toe adjusted based on review of habitat construction as-builts.
Dredge offset from sheetpile wall applied; area-specific technology to be used in
offset area.?
RAL exceedance areas 24, 25, and 26 merged due to proximity and associated

24/25/26 o . .

constructability considerations.
Coordination with adjacent upland cleanup property (8801 East Marginal Way)
conducted throughout design phases.
Non-RAL exceedance areas encompassed within RAA due to constructability
considerations.
Eastern revetment footprint set based on several factors, including proximity to

27 upland remediation features, existing slope geometry, required cut thickness for
material placement requirements, etc. See Section 10.3 for more details.
Coordination with adjacent upland cleanup property (Container Properties)
conducted throughout design phases.

28 Discrete areas merged due to proximity and associated constructability
considerations.

29 No area-specific considerations.

30 No area-specific considerations.

31 No area-specific considerations.
Interpolation extrapolated to MHHW line up steep armored bank; eastern toe

32 adjusted accordingly (see Section 4.1 for further discussion).

Coordination with adjacent upland cleanup property (Boeing Developmental
Center) conducted throughout design phases.

100% Remedial Design Basis of Design Report
Lower Duwamish Waterway Upper Reach 42 January 2024



RAA Area-Specific RAA Development Considerations'

¢ Interpolation extrapolated to MHHW line up steep armored bank; eastern toe
adjusted accordingly (see Section 4.1 for further discussion).

e RAAs merged due to proximity. ENR placement in RAL exceedance area 33

33/34/35 expanded to meet adjacent dredging in RAL exceedance areas 34 and 35.
e Coordination with adjacent upland cleanup property (Boeing Developmental
Center) conducted throughout design phases.
36 ¢ No area-specific considerations.

Notes:

1. Area-specific RAA considerations are in addition to practical engineering considerations, review of adjacent chemistry results,
constructability of the assigned technology, and RAL exceedance area boundary uncertainties, as described in Section 6.1.

2. Dredge offset areas are identified where dredging was determined to create risk of armored slope or structure instability or
potential failure. Dredge offsets are also applied to protect structures from physical contact with construction equipment. ENR
placement is proposed for use in offset areas where the adjacent sediment concentrations are below the ENR upper limit,
whereas an area-specific technology is proposed for offset areas where concentrations exceed the ENR upper limit (see
Section 10.5 for more information on the area-specific technology).

AC: activated carbon

EAA: early action area

ENR: enhanced natural recovery
FNC: federal navigation channel
MHHW: mean higher high water
PDI: pre-design investigation

RAA: remedial action area

RAL: remedial action level

RD: remedial design

USACE: U.S. Army Corps of Engineers
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7 Sediment Management Areas Development

SMAs™ have been developed to facilitate construction management by organizing the overall
project into areas that are manageable for construction. SMAs do not change the RAA extents;
rather, they provide a consistent nomenclature for referring to areas in design and construction
management. Generally, SMAs consist of grouped or subdivided RAAs with similar logistical
considerations such as common construction methods, adjacent locations, and similar site
conditions. SMAs are used in the construction drawings to define discrete areas for construction
management (e.g., construction sequencing).

SMA:s also serve as discrete areas over which remedy construction progress can be evaluated with
QA/quality control (QC) protocols, subsequent construction steps or contingency actions can be
performed as needed, and SMA construction can be determined complete as the cleanup
progresses. The CQAP (Volume Il, Part I) provides details on the specific QA/QC protocols during
construction, and the associated contractor requirements are included in the Specifications
(Volume Il1).

SMA designations are based on engineering judgment. Factors that affect SMA delineation include
recontamination risk of remediation areas and adjacent areas during construction, technology types
and construction methods, administrative and site access considerations, and subdivisions of large
RAAs, as discussed in the following sections.

7.1 Recontamination Risk During Construction

The development of SMAs considered the potential for recontamination of remediated areas and
adjacent areas that are not actively remediated as the construction progresses. The following
considerations have been reviewed to develop SMAs that limit the risk of recontamination during
construction:

e The proximity of RAAs to one another

e Potential vessel propwash from contractor operations

¢ Remedial technologies being used (i.e., dredging and placement activities)
e The phasing of dredging and placement activities

e Construction activities occurring over multiple in-water work seasons

If it is determined that RAAs have the potential to pose a recontamination risk to one another, this
would be a reason to combine these RAAs within one SMA such that the sequencing of the work
within the individual SMA can be completed in an appropriate order to reduce the potential for

9 SMAs for RD are used in a different context than described under Washington State Sediment Management Standards. Under
those standards, SMAs support cleanup decision making during the RI/FS. For the remedial design described in this BODR, SMAs
are used to organize the design for other reasons as described in the RDWP (Anchor QEA and Windward 2019a).
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recontamination. For example, the RAAs 32 and 33/34/35 were combined into a single SMA, in part
due to their proximity.

7.2 Technology Types and Construction Methods

The type of remedial technology or equipment used to implement the remedy at a specific location
is also a factor in developing SMAs. There is a preference to consolidate and complete areas with
similar technology types at the same time within the construction sequence to improve QC. An
example of this consideration is the use of two SMAs in RAA 27 to separate work anticipated to be
conducted by land-based versus water-based equipment.

7.3 Administrative and Site Access Considerations

Administrative considerations have also been considered in developing the SMAs, including site
access constraints and property ownership. Combining areas with similar administrative
considerations will facilitate efficiency by allowing for work with similar constraints to be completed
at the same time, limiting interruptions to particular operators or general waterway navigation. For
example, the areas surrounding the South Park Bridge are grouped into a single SMA.

7.4 Subdivisions of Large RAAs

Large dredging RAAs (i.e,, RAAs 1/2/3 and 4/5/6) were subdivided into SMAs representing
approximately 10,000 cubic yards (cy) of material because that was considered to be a fair
representation of the amount of dredging that could occur in 1 to 2 weeks, after which remedy
construction progress evaluation (as described in the CQAP) would be performed. For these large
dredging areas, the recontamination risk from residuals during construction (between the adjacent
SMAs) is managed through the specific sequencing of the work, the QA/QC of the dredging, the
framework for contingency action decisions, and subsequent construction steps. QA measures and
the contingency action decision process for SMAs is described in the CQAP.

7.5 Summary of Sediment Management Areas

RAAs have been grouped into SMAs for Final (100%) Design, as described in Table 7-1 and as shown
in Figure 7-1, based on the specific factors discussed previously and shown in the Drawings included
in Volume Ill. The SMA numbering sequence starts at the most upstream location and progresses
downstream. SMAs include subareas designated by letters (e.g., “SMA 1B") to further differentiate
discrete areas that have been grouped together as one overall SMA. The BODR text that follows
Section 7 refers to SMA numbering to the extent possible. In certain cases, RAA numbering continues
to be used when specific evaluations that used RAA boundaries are referenced.
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Table 7-1

SMA Development Considerations

SMA RAA Specific Considerations for SMA Development
1 32, 33/34/35 Recontamination risk from residuals; site access
2 30, 31 Recontamination risk from residuals
3 29 Discrete area
4 28 Discrete area

27B (partial), . .
5 27C (partial), 27D (partial) Construction method; site access (upland)
27A, 278 (partial), . . .
6 27C (partial) , 27D (partial) Construction method; site access (in-water)
7 24/25/26A, 24/25/26B Discrete area
8 23 Discrete area
9 22A, 22B Discrete area
10 18 Discrete area
11 19/20, 36 Discrete area
12 14/15/16, 17 Recontamination risk from residuals
13 13 Discrete area
14 4/5/6D, 8, 10, 12 South Park Bridge area
4/5/6A (partial), 4/5/6C, s
15 4/5/6D, 7 Subdivisions of large RAAs
16 4/5/6A (partial), 4/5/6B Subdivisions of large RAAs
1/2/3B (partial), 1/2/3C .
17 (partial), 1/2/3D Subdivisions of large RAAs
1/2/3A, 1/2/3B (partial), .
18 1/2/3C (partial) Subdivisions of large RAAs
Notes:

1. RAA 18 is being deferred for source control sufficiency and until the upland cleanup is at a design stage that is sufficient to
develop an integrated cleanup action with in-water cleanup. An SMA number has still been assigned to the RAA for current and
future reference.

RAA: remedial action area
SMA: sediment management area
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8 Geotechnical Engineering Considerations

This section presents the results and recommendations of the geotechnical engineering evaluations
for the LDW upper reach. Appendix G presents a more detailed discussion of the geotechnical
engineering evaluations completed to support Final (100%) RD.

8.1 Geotechnical Field Investigation Summary

Subsurface geotechnical conditions at the site were investigated by Anchor QEA as part of the
Phase | and Phase Il PDI efforts completed in 2020 and 2021. The DER (Anchor QEA and
Windward 2022a) and Appendix G of this BODR describe the geotechnical investigation and results.

The locations of these geotechnical investigations are presented in Figures 8-1a and 8-1b. Additional
details, including boring logs, in situ testing data, and results of laboratory geotechnical testing
results, are presented as attachments to Appendix G.

8.2 Subsurface Stratigraphy

This section describes the three major geologic units encountered during the geotechnical PDI.
Subsurface conditions encountered during the geotechnical investigation are in general agreement
with those presented in the RI/FS and consist of recent sediments overlying alluvium within the
waterway. Fill material was encountered overlying the alluvium unit in upland locations, and based
on the history of river realignment, it is expected to be present in shoreline bank areas to below
MLLW where the historical river channel was filled and in other shoreline locations where the grade
was raised to support upland development.

General descriptions of the soil and sediment layers and their geotechnical characteristics identified
from the borings and investigations advanced at this site are presented in the following sections in
order from the ground surface downward.

82.1 Fill

Fill soils were encountered at two locations during the Phase Il PDI field program and at several
other upland locations investigated for other projects. The specific geologic interpretation of “fill” is
indicated on historical boring logs from Boeing Plant 2, both the east and west banks at the South
Park Bridge, and at several properties that are not adjacent to SMAs (e.g., near RM 3.0 west; and
between RMs 3.5 and 3.6 west at Terminal 117). Given the river history of channelization, fill is likely
present along many banks of the upper reach that have not been geotechnically investigated.

Generally, this material was placed in early 1900s to regrade the existing fluvial plain created by the
Duwamish River to support shoreline development and the re-channelization of the river. The unit
weight of this material is assumed to vary, but for preparing design recommendations it is assumed
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to be conservatively represented using an overall average value of 135 pounds per cubic foot (pcf),
based on laboratory direct shear test results of sample intervals identified as fill. Grain size
distribution testing shows that this material is mostly sand with varying amounts of silt. In areas
where fill was more randomly or recently placed, the fill is expected to contain anthropogenic
materials such as debris, which would be typical of historical shoreline development filling activities
in active industrial areas. The moisture content in the fill unit generally ranges from 6% to 28%.
Direct shear testing of the fill indicates a peak friction angle average of 36 degrees and a residual
friction angle average of 33 degrees.

The findings associated with the two upland borings completed by Anchor QEA in 2021 are in
general agreement with historical investigations completed by others.

8.2.2 Recent Sediments

Recent sediments were encountered throughout the intertidal and subtidal areas. Recent sediments
are defined as material that has deposited on top of the alluvium layer and are distinctly
characterized by finer gradation and soft consistency compared to the alluvium layer below. Recent
sediments were naturally deposited by river flows entering the upper reach from upstream following
the creation of the waterway.

The thickness of this unit across the site varies widely and is thickest in areas of historical dredge
activities in the FNC and Slip 6. Based on a review of laboratory testing results, a total unit weight of
100 pcf was assumed to best represent average overall conditions, with percent moisture content
ranging from 34% to 97%. Atterberg limits (plasticity) testing indicates that this material is typically
nonplastic to very low plasticity, an indication that the finer fractions are mostly silt rather than clay.
Direct shear testing indicates a peak friction angle of 34 for the recent sediments, and a residual
friction angle of 33 degrees. Vane shear testing and full flow penetrometer testing indicate
undrained shear strengths ranging as shown in Figure G2-1 of Appendix G. Grain size analyses
indicate that this material is approximately 30% sand and 70% silt and clay, with silt content ranging
from 22% to 62% and clay content ranging from 2% to 7%.

8.2.3 Alluvium

Investigations prior to the PDI describe the alluvium in reference to an upper alluvium unit and a
lower alluvium unit. Because the distinction between the upper alluvium and lower alluvium is not
important in the context of the sediment cleanup, in the DER, the description of these materials was
simplified by combining the upper alluvium and lower alluvium into a single alluvium unit,
recognizing that there are some gradational changes in the alluvium with depth (Anchor QEA and
Windward 2022a). Alluvium was observed to underlie the recent sediments and is mostly
coarse-grained material with pockets, lenses, and layers of silt and clay. Silt content of the
fine-grained layers is as high as 76%, and clay content is as high as 16%. Silt and clay content in the
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mostly coarse-grained material was observed to be as low as 1.5% within this unit. This unit has a
typical specific gravity of 2.5 to 2.7, is nonplastic, has a typical total unit weight of 125 pcf, and has a
measured average peak friction angle of 37 degrees and a measured average residual friction angle
of 32 degrees.

The alluvium unit was the deepest layer encountered during the geotechnical PDI.

8.3 Geotechnical Engineering Design Recommendations

This section summarizes the results and design recommendations based on the geotechnical
analyses presented in Appendix G for the following:

e Dredge prism side slope stability

e Backfill side slope stability

e Cap bearing capacity, settlement, and slope stability
e Lateral earth pressures for bulkhead evaluations

e Geotechnical recommendations for pile design

e Bank slope stability

e Seismic performance of caps

Details regarding the processes, assumptions, models, and approach used to develop the
geotechnical engineering design recommendations are provided in Appendix G. The following
sections describe the results of these analyses as they relate to RD.

8.3.1 Dredge Prism Side Slope Stability

Dredging is required on intertidal and subtidal slopes, and dredge cuts also require side slopes to
reach the design removal elevation or depth. The stability of dredge prism side slopes was evaluated
using limit equilibrium methods implemented by the Rocscience SLIDE2 software (SLIDE) and
confirmed using slope stability chart solutions presented in USACE (2003).

Target slope stability factors of safety are 1.3 for short-term conditions (e.g., a dredge cut before
backfill is placed), 1.5 for long-term conditions (e.g., a final post-backfill slope angle), and 1.3 for
rapid drawdown conditions in accordance with USACE (2003) and as described in Appendix G. As
described in Appendix G, temporary side slopes of 2 horizontal to 1 vertical (2H:1V) and permanent
unarmored side slopes of 3H:1V have acceptable factors of safety, whereas acceptable stability of
steeper permanent side slopes can be achieved using armor rock.

8.3.2 Backfill Side Slope Stability

Backfill, consisting of sand and gravel materials as described in Section 10.6, will be placed following
dredging in habitat areas (i.e., elevations higher than -10 feet MLLW). In deeper dredging areas,
there will be a backfill slope that transitions from the backfill downward to meet the post-dredge
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surface below elevation -10 feet MLLW. Backfill may also be used following steeper temporary cuts
that would be made to limit the removal of clean slope materials (e.g., transition slopes adjacent to
the Boeing EAA where clean backfill was placed). As described in Appendix G, backfill side slopes of
3H:1V have an acceptable slope stability factor of safety for sand and gravel habitat materials.
Steeper backfill slope angles (up to 2H:1V) have acceptable factors of safety in cases where armor
rock is used.

8.3.3 Cap Geotechnical Evaluations

This section describes geotechnical evaluations for the following factors that govern cap design:

e Bearing capacity, which evaluates the degree to which the subgrade strength is sufficient to
support the weight of the cap

e Settlement, which evaluates whether the subgrade beneath the cap will compress under the
weight of the cap

e Slope stability, which evaluates the degree to which the cap and the subgrade will remain
stable (not move) in sloped areas

As noted in Table 6-1, there is a potential need for a cap to be constructed on the excavated slope
along the Container Properties shoreline (RAA 27/SMA 5). In addition, the Final (100%) RD includes
partial dredging and capping in SMA 12B.

Cap subgrade bearing capacity and post-construction cap settlement were assessed for an example
4-foot-thick cap. The static slope stability of a cap along the Container Properties shoreline was also
evaluated using limit equilibrium methods.

Caps will typically be constructed after dredging or excavation and in most cases will not raise the
ground surface above the existing grade. As such, caps constructed under these conditions will
balance out the subgrade loads by replacing the load imposed by the dredged sediment (unloading
the subgrade) with a load imposed by the cap. For these conditions, the bearing capacity of the
subgrade to support the cap was calculated and found to have an acceptable factor of safety. The
settlement caused by the cap load is estimated to be on the order of 2 to 3 inches. Differential
settlement of the cap or the cap subgrade is not anticipated to be significant and would not reduce
the effectiveness of caps if it were to occur, as discussed in Appendix G.

In summary, the major conclusions of cap geotechnical evaluation presented in Appendix G are as

follows:

e A 4-foot-thick cap has acceptable bearing capacity factors of safety. Thus, no consolidation
periods are required between placement of cap lifts.
e Post-cap subgrade settlement in dredge areas is estimated to range from 2 to 3 inches.
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e The majority of post-cap subgrade settlement is estimated to occur within 120 days after cap
construction.

e A 2H:1V armored slope cap constructed along the Container Properties shoreline has an
acceptable static slope stability factor of safety.

These subgrade settlement estimates are important to consider in the construction QA of the placed
caps because surveys of the cap surface will reflect both the thickness of the cap material and the
consolidation of the subgrade.

83.4 ENR and Area-Specific Technology Geotechnical Considerations

In limited circumstances, cover material will be placed with a final surface above the existing grade,
for example, in ENR placement areas and offset areas where dredging cannot be accomplished
against structures. As described in Section 10.5.2, offset locations will use area-specific technologies,
which entail placement of a relatively thin cover (9 to 15 inches of sandy gravel material). Because
some mixing of cover materials with surface sediments is acceptable, bearing capacity and
settlement evaluations for ENR and area-specific technologies using thin cover are unnecessary. To
enhance stability, coarser materials will be used for the ENR that will be placed on the slopes in the
South Park Marina, as discussed in Table 5-1.

8.3.5 Lateral Earth Pressures for Bulkhead Evaluations

Lateral earth pressure recommendations were developed to support structural evaluations for
existing bulkheads. Structural evaluations, in turn, are used to develop recommendations regarding
dredging and capping adjacent to existing bulkhead structures and to assess whether offsets or
other measures are needed to protect bulkheads. Appendix G presents specific lateral earth pressure
recommendations for structural design evaluations.

8.3.6  Evaluation of Dredge Offsets from Structures

As described in Appendix G, dredging immediately adjacent to shoreline structures will reduce the
lateral support provided by the sediment adjacent to the structure (i.e., the passive earth pressure).
Reduction in passive earth pressure can cause structural damage if not appropriately considered in
the RD. One way to limit or prevent the reduction of passive earth pressure is to offset the dredge
cut a sufficient distance from the structure. This section provides a summary of the dredge offset
evaluation that is described in more detail in Appendix G.
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The extent to which passive earth pressure is reduced by adjacent dredging is a function of the offset
distance, the depth of dredging, and the slope angle of the dredge cut. Appendix G presents the
following conclusions from this evaluation:

e Without a dredge offset, resisting forces (i.e., passive earth pressures) are reduced from 38%
to 75% of full passive earth pressure for dredge slope cuts ranging from TH:1V to 2H:1V.

e Passive earth pressure reduction factors are presented in Appendix G for use during structural
evaluations to develop recommended dredge offsets. Section 9 describes dredge offsets in
more detail.

8.3.7 Geotechnical Recommendations for Piling

Pilings are anticipated to be removed and replaced to facilitate access for dredging at some
locations. There may also be a need for isolated pile removal for derelict piles that do not have any
identified current or future use but may be inhibiting access for nearby remediation.

Replacement piles are expected to support lateral loads from river currents and boat traffic. Any piles
that are removed that support net fishing will also be replaced and designed to resist forces imposed
by the nets, which will be evaluated in coordination with tribal fishers. Piles are assumed to be
replaced to provide “in kind” functions to piles that are removed; however, because timber piles
require chemical treatment to limit decay, timber piles will be replaced with steel piles during
reconstruction.

To support structural engineering evaluations, geotechnical design recommendations for
replacement piling are presented in Appendix G. The recommendations include modeling
parameters to be used in lateral pile design analysis software (i.e., LPile) so that pile deflection and
embedment can be determined by the structural engineer. Results of these evaluations inform the
sizing (diameter, wall thickness, and length) of the replacement piles, as described in Section 9.

8.3.8 Bank Slope Stability

The RD includes dredging near existing waterfront facilities and shorelines. Dredging removes
sediments that support the toe of the slope and hence the resisting force against a potential sliding

mass.

8.3.8.1 SMA 12B - T-117 Bank

The bank adjacent to T-117 in SMA 12B includes a temporary 2H:1V dredge cut that will be capped
in the channel and backfilled on the slope to reestablish a final 3H:1V slope. Appendix G presents the
results of slope stability evaluations for an example cross section through this area. The slope
stability evaluation concluded that both short-term and long-term factors of safety are acceptable.
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8.3.8.2 SMA 5 - Container Properties Bank

Dredging on the mudflat at Container Properties will extend up the bank. Appendix G presents
geotechnical stability evaluations of the Container Properties bank slope (SMA 5), including
short-term stability during construction, long-term stability post-construction, long-term seismic
stability, and consideration of rapid drawdown. The bank excavation cut is assumed to be 2.5H:1V or
flatter. The bank would be reconstructed with an armored revetment consisting of sand and gravel
backfill (which could also function as a cap, if needed) overlain by armor rock to a final
post-construction 2.5H:1V slope.

The bank slope has acceptable factors of safety for short-term, long-term, seismic, and rapid
drawdown conditions, assuming an armor layer consisting of quarry spall to light riprap-sized armor

material.

8.3.8.3  Other Bank Areas
For other bank areas, it is assumed that minor thickness cuts (i.e., 1 to 2 feet below existing grade)
can be made while maintaining an acceptable bank slope stability factor of safety.

8.3.9 Seismic Performance of Caps

The upper reach lies in a seismically active region and is characterized by sources of strong ground
shaking (earthquakes) including the Cascadia Subduction Zone and relatively shallow crustal zones
such as the Seattle fault zone. Seismic performance of caps was evaluated by considering liquefaction
potential and seismic stability of caps on slopes. Work included estimating liquefaction-induced
settlement, and estimating potential deformations (movement) of caps on slopes during an
earthquake. Caps placed in flat areas such as SMA 12B would not be damaged from seismic
deformation.

Two different earthquakes were evaluated. The 100-year return interval earthquake was evaluated
(peak ground acceleration = 0.19g [g= acceleration of gravity]), consistent with the 100-year
modeling time frame considered for contaminant transport evaluation. In addition, the larger,
475-year earthquake (peak ground acceleration = 0.41g) was considered. This larger earthquake has
a 10% probability of exceedance in a 50-year time frame and is a commonly considered earthquake
for Superfund sediment remedies. The following summarizes the major conclusions of the seismic

performance evaluation:

e Liquefaction is predicted under both the 100-year and 475-year earthquakes. Liquefaction
results in loss of soil strength (i.e., reductions in bearing capacity) and settlement.

e Cone penetrometer test records were analyzed for liquefaction-induced settlement; predicted
settlements range from 3 to 14 inches (median settlement 7 inches) under either earthquake

scenario.
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e For a cap along the shoreline in SMA 5 at Container Properties, deformation is predicted to be
less than 0.5 inch in the 100-year earthquake and 8 to 16 inches in the 475-year earthquake.
The cap would be protected by a layer of armor rock, which enhances the seismic stability of
the slope. For the cap at SMA 12B, deformation is not a design consideration because the cap
will be constructed on level ground; therefore, there is no slope that would trigger earthquake

deformation.

Based on the liquefaction assessment and slope displacement estimates, the RD is expected to have
acceptable seismic performance. Anticipated settlement and displacement under the 100-year event
is expected to be significantly less than proposed cap thicknesses. During a larger 475-year
earthquake, the cap and underlying sediments may move down the slope, but the cap is not
expected to be significantly damaged because the movement is predicted to be less than the overall

cap thickness.

Post-earthquake assessment and mitigation measures are recommended based on this analysis and
will be identified in the LTMMP. Assessment typically includes visual inspections and bathymetry
surveys following seismic events above a defined threshold to evaluate the condition of caps. Cap
repairs, if needed, could be readily implemented by adding more cap materials to address any
localized thinning associated with post-earthquake deformation or settlement.

Details of the seismic performance evaluation are presented in Appendix G.

8.4 Summary of Geotechnical Engineering Design Recommendations

Table 8-1 summarizes the key geotechnical engineering recommendations presented in this section
of the BODR.
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Table 8-1

Summary of Key Geotechnical Engineering Design Recommendations

Remediation Geotechnical
Element Evaluation Conclusion
Temporary Side 2H:1V side slopes have acceptable FOS.
Slopes
Long-Term Side ) .
Dredging Slopes 3H:1V side slopes have acceptable FOS.
Passive earth pressures should be reduced adjacent to structures
Structural Offset . . .
. unless dredge prisms are offset. Reduction factors for use in structural
Evaluations . . . . .
engineering evaluations are presented in Appendix G.
Bearing Capacity Caps up to 4 feet thick have acceptable bearing capacity FOS.
Settlement of 2 to 3 inches is predicted for caps in dredge and cap
Subgrade areas. Differential settlement of caps and cap subgrade will be minor
Settlement and is not predicted to affect the performance of caps.
Settlement is estimated to occur within 120 days after cap placement.
Static Slope A 2.5H:1V slope cap placed along the Container Properties shoreline at
Capping Stability SMA 5 would have acceptable slope stability FOS.
Estimated displacement of 2.5H:1V slope caps along the Container
Properties shoreline at SMA 5 under 100-year earthquake is less than
0.5 inch.
Seismic . . .
Performance Estimated displacement of 2.5H:1V slope caps along the Container
Properties shoreline at SMA 5 under 475-year earthquake is 8 to
16 inches.
The LTMMP will describe measures for post-earthquake inspections.
Backfill Long-Term Side For sand and gravel backfill, 3H:1V side slopes have acceptable FOS.
ackfi
Slopes For armor rock backfill, 2H:1V side slopes have acceptable FOS.
Notes:

FOS: factor of safety

H:V: horizontal to vertical (ratio)
SMA: sediment management area
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9 Structural Engineering Considerations

Within the upper reach, there are several structures and utilities that are adjacent to SMAs. Structural
engineering evaluations were used to develop measures to protect or replace existing structures or
utilities that may be affected during implementation of the proposed remedial actions. This section
presents the results and recommendations of the structural engineering evaluations for the Final
(100%) RD. Supporting design criteria are provided in Appendix H.

Visual inspections of structures were conducted during PDI activities. The following sections describe
the structures identified within or adjacent to SMAs and structural engineering design considerations
that were evaluated for the Final (100%) RD.

9.1  Structure Types

Structure types located within or adjacent to SMAs include bridges, marinas, wharves, bulkheads,
piles, dolphins, timber groins, stormwater outfalls, and utility crossings. Tables 9-1 and 9-2 present
these structure types relative to the respective SMA, citing SMA numbers and general riverbank
locations. These tables also identify the structure types, specific facility name, and notable
descriptions/features.

9.1.1 Overwater/In-Water Structures

Overwater structures consist of wharves, marina floats, and the South Park Bridge. In-water structures
include bulkheads, single pile fields, dolphins, and South Park Bridge bascule piers and fendering
systems. Along the west riverbank, structures within or adjacent to SMAs include the South Park
Marina floats and guide piles, the South Park Marina gravity block wall bulkhead, and the South Park
Bridge west riverbank abutment. South of the South Park Marina, a pile-supported pier was recently
constructed as part of habitat construction following completion of the T-117 EAA.

The bulkheads along the east bank include closely spaced timber soldier piles and lagging (stubs),
steel sheetpiles, and steel soldier piles with a variety of lagging materials. The southern end of the
east bank site area near RM 4.9 includes several rows of timber groins (closely spaced untreated
timber piles? that function for river flow diversion and shoreline erosion protection). Other SMAs
have structures including single creosote-treated timber piles and multiple-timber-pile dolphin
structures. Treated timber piles are also used for some of the guide piles in the South Park Marina;
other guide piles in the marina have been replaced with steel piles since the time of original
construction.

20 The determination that the timber piles are untreated is based on visual and tactile observation during inspection. The color of the
timber has uniformly weathered, and the branch stubs indicate the groins were not dressed. Treated timber would discolor
unevenly and would be dressed by smoothing out the branch stubs. The surface of the timber was also scraped and jabbed during
inspection and did not indicate the discoloration or residue typical of treated timber.
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With the exception of the South Park Bridge and the southern bulkhead on the Boeing Isaacson

Thompson property, the majority of existing structures evaluated within the LDW upper reach lack

as-built record drawings, and the initial design and current load capacities are unknown.

Table 9-1
LDW Upper Reach Overwater/In-Water Structures Within or Adjacent to SMAs
Structure
Name Structure Adjacent Riverbank
SMA (ID No.)' Type Description Property Location
. South Park' Bridge, Boeing, King RM 3.3 East and
14 ST02 Bridge bascule pier and
. County West
fendering system
13,14 ST20 Marina South Park Marina, South Park RM 3.5 West
floats and guide piles Marina
Bulkhead .
13 ST19 and armored Gravity block wall and South'Park RM 3.5 West
armored slope Marina
slope
Boeing,
7,9 STO3 Bulkheads Steel and timber piles CenterPoint RMs 3.8 to 4.0 East
Properties
7 STO3 Armored Armored slope CenterPc?lnt RM 4.0 East
slope Properties
8 ST17 Piles Single timber pile field Boeing RM 3.9 West
6 STO4 Dolphins Timber piles Container RMs 4.0 to 4.1 East
and piles Properties
4 STO5 Wharves Concrfete pile-supported Boeing RM 4.2 East
piers and wharf
3 ST07 Wharf Timber pile-supported Boeing RM 4.6 East
wharf
2 ST10 Piles Single timber pile field Port of Seattle RM 4.7 West
1 ST07 Groins Untreated t.|mber pile Boeing RM 4.9 East
groins
Notes:

1. Structure ID No. corresponds to the structural field inspection forms presented in DER Appendix F (Anchor QEA and Windward
2022a).

RM: river mile
SMA: sediment management area

As discussed in Section 2.4.3, there are also two identified subsurface utility crossings in the upper
reach (associated with the former and current South Park Bridge). The location of these crossings is
provided within the King County South Park Bridge construction as-built drawings and has been
incorporated into the project basemap. The crossing under the current South Park Bridge is an active
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utility line. The second crossing consists of three individual abandoned electrical lines that served the
former bridge.

9.1.2 Outfalls

There are several public and privately owned stormwater outfalls and one combined sewer/
stormwater outfall along the upper reach east and west riverbanks consisting of PVC, ductile iron,
corrugated metal pipe (CMP), cast iron, steel, or concrete pipeline material of various sizes, physical
properties, and support conditions. Some of the outfalls remain active while others have been
abandoned or are inactive.

Outfalls located within SMAs on the east bank are mostly ground-supported, with some that are
supported by the existing bulkhead structures. All outfalls located within SMAs on the west bank are
ground-supported.

100% Remedial Design Basis of Design Report
Lower Duwamish Waterway Upper Reach 58 January 2024



Table 9-2
LDW Upper Reach Outfall Structures Within or Adjacent to SMAs'2

Pipe
Outfall Name Active or Diameter Pipe Adjacent Riverbank
SMA (ID No.) Inactive (inches) Material Property Location

2214 Active 15 PVC RM 3.5 West

13 South Park
17th Avenue Active 15 PVC Marina RM 3.5 West

Storm Drain

2075 Active 30 Ductile iron CenterPoint RM 3.9 East
9 2076 Inactive 30 Steel Properties RM 3.9 East
2077 Active 18 Ductile iron Boeing RM 3.9 East
2074 Inactive 8 CMP RM 3.9 East

7 Ductile iron CenterPoint
2073 Active 18 (in concrete Properties RM 4.0 East

casing)
2092 Active3 18 Ductile iron RM 4.9 East
2097 Active3 8 Steel RM 4.9 East
DC16 Active3 6 Ductile iron RM 4.9 East
1 Boeing
2096 Active3 6 Cast iron RM 4.9 East
2093 Active 24 Concrete RM 4.9 East
2094 Inactive 12 Concrete RM 4.9 East
Notes:

1. The outfall information is from the LDW Rl and Leidos 2014 and 2020 outfall inventory surveys (Windward 2010; Leidos 2014,
2020), supplemented with information obtained during the PDI and from LDWG.

2. Outfalls within 30 feet of the SMA boundary are considered to be "adjacent” for the purposes of this table.
3. This outfall will be abandoned by the time of construction as part of the Boeing Development Center Stormwater Improvements
project, as discussed in Section 2.2.

CMP: corrugated metal pipe
RM: river mile
SMA: sediment management area

9.2 Structural Engineering Design Evaluations

Dredging and capping can affect the integrity of structures located adjacent to the work because
new loading conditions are imposed on structures. The following structural engineering design
considerations were evaluated to develop the engineering design recommendations presented in
Section 9.3.

9.2.1 Dredge Offsets

Dredge offsets are routinely considered in engineering design to protect existing structures and
slopes, including armored slopes, that could otherwise be adversely affected by dredging activities.
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Dredging reduces the passive earth pressure that provides lateral support to structures.
Recommended passive earth pressure reduction factors for structural evaluations are provided in the
Geotechnical Design Analysis (Appendix G).

Dredge cut thicknesses adjacent to each structure in question have been reviewed to develop
dredge offset distances. A minimum 3-foot dredge offset is generally recommended for protection
of structures from construction equipment. Two specific structure locations require different offsets,
as follows:

¢ South Park Bridge: Based on coordination with the bridge owner, King County Roads, a
minimum 2-foot offset is required for the bridge fendering system to protect the fendering
system from damage by contact with the contractor’s equipment. This offset has been
incorporated into the Drawings for SMA 14 (Volume lll). A spotter will be required for any
work within 30 feet of the bridge footprint.

e CenterPoint Properties Bulkhead: Based on additional structural engineering assessments
and considering the unknown design and condition of the southern segment of the existing
bulkhead, a minimum 5-foot offset is required for dredging in SMA 7 to protect this bulkhead
in this area from damage due to the loss of passive soil pressure during dredging. This offset
has been incorporated into the Drawings (Volume IlI).

9.2.2 Load Restrictions

Load restrictions for specific structures are considered in engineering design because the design and
current load-carrying capacity for the structures is not known in most cases. The assigned load
restriction must consider maintaining the estimated structural capacity and minimizing potential
impacts to the structure.

Structure types that could warrant load restrictions include wharves and shoreline bulkheads. A
temporary restriction on loading of the top of the structure may be required during dredging
activities adjacent to the structure. Areas where load restrictions are practicable and necessary
(Table 9-3) are included on the Drawings (Volume llI).

In addition to vertical load restrictions, temporary lateral load restrictions will be used for the timber
groin structures to protect them during adjacent dredging. The contractor will be prohibited from
mooring equipment on these structures during dredging, and dredging work will not be conducted in
this location when lateral loads from river currents could be imparted on these structures. Temporary
lateral load restrictions will be lifted for the timber groin structures after backfill has been placed.

Where temporary load restrictions are used, backfill will restore the capacity of the structure to its
pre-construction condition.
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9.2.3 Bulkhead Shoring/Support

Bulkhead shoring/support is considered for a bulkhead structure when a load limit is not sufficiently
protective or there is a significant depth or extent of dredging required adjacent to an existing
bulkhead structure. Although shoring can also be used to protect banks where significant dredge
depths may be required at the bottom of the bank, no such shoring is included in the Final

(100%) RD.

Bulkhead shoring/support is needed to facilitate removal of the debris adjacent to the north end of
the CenterPoint Properties bulkhead (SMA 9). As shown in the structural Drawings (Volume IIl) and
presented in Appendix H, the shoring in these locations will consist of a shoring sheetpile wall
installed in front of the existing bulkhead wall. This sheetpile wall will be driven immediately adjacent
to the bulkhead in two segments (approximately 25 feet long and 50 feet long) adjacent to a 140-foot
section of shoreline approximately 1.5 feet waterward of the existing bulkhead, with return walls that
connect back to the existing bulkhead to seal each end. The area between the existing and
replacement wall will be filled in with reinforced cement grout.

9.2.4 Overhead Structure Vertical Clearance

Overhead structure vertical clearance refers to the space needed for construction equipment to work
or pass beneath a structure that spans the waterway. For example, when the South Park Bridge is in its
typical position to allow street traffic to cross the river, vessel traffic passing beneath the bridge must
be shorter than the posted vertical clearance. Overhead structure vertical clearance considerations are
applicable at the South Park Bridge (ST02) and South 98th Street (Boeing) Bridge (ST08) crossing, both
inside and outside of the FNC. Overhead vertical clearance of the South Park Bridge in the closed
position (open to traffic) is posted at 29 feet. In the open position (closed to street traffic), the South
Park Bridge overhead vertical clearance is 125 feet (NOAA 2017). The measured vertical clearance of
the South 98th Street Bridge is presented on the Drawings (Volume llI).

9.2.5 Outfall Discharge Bed Erosion Protection/Energy Dissipation

Another structural consideration for ground-supported outfalls is to incorporate engineered discharge
bed erosion protection measures into the design to dissipate energy from outfall flows. Outfalls may
be armored or supported on splash pads/aprons or other flow energy dissipator systems to protect
the bank from erosion due to the outfall flow discharge. Outfall discharge bed erosion protection
details are presented on the Drawings (Volume Ill) (see Table 9-3 for location details).

9.2.6 Demolition and Replacement

Some in-water structures that impede or restrict access to remedial construction will be demolished
permanently or temporarily removed during construction and replaced. Candidate structures for
permanent demolition include treated timber piles and dolphins. Pilings that serve as tribal fishing
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piles will be removed and replaced with steel piles. No outfall structures are currently identified for
demolition and replacement because active outfalls within remediation footprints will be protected
in place and inactive/abandoned outfalls are assumed to have already been removed or are not
expected to impede remediation activities. If inactive/abandoned outfalls are encountered in the
dredge prism and impact the contractor’s ability to complete the remediation work, they will be
removed, and remaining pipe in the bank will be grouted. If previously unknown outfalls are
encountered, the contractor will be directed to coordinate directly with the Implementing Entity to

assess the appropriate path forward for the outfall.

Table 9-3 provides a summary of the protective options that are applicable to the structure types
located within an SMA. Applicable engineering design consideration and a summary of structure

design recommendations are presented in Section 9.3.

Table 9-3
Structure Types and Engineering Design Considerations for LDW Upper Reach SMAs
Structural Considerations
S
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Structure Type (=] = (] OU | O | O SMA
Bridges o ® 1,14
Wharves L 4
Bulkheads ® ° ° 7,913
Timber Piles ® 1,2,6,8
Timber Dolphins L4 6
Timber Groins L4 1
Utility Crossings ° 14
Outfalls ° ° 1,7,9 13
Notes:

LDW: Lower Duwamish Waterway
SMA: sediment management area
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9.3 Summary of Structural Actions

This section summarizes the structural engineering design action or requirement that is included in
the Final (100%) RD for overwater/in-water structures and outfalls located within and adjacent to
SMAs. Each requirement considers the condition of the structure, future use of the structure, and
construction cost efficiency.

9.3.1

Overwater/in-water structures adjacent to or within SMAs have been evaluated to develop

Overwater/In-Water Structures

requirements for structural protection. Table 9-4 summarizes these actions. During coordination on
timber groin structures in SMA 1, it was ascertained that these structures may be the property of the
Washington State Department of Natural Resources (WDNR), and it is uncertain whether they would
be allowed to be replaced after removal. Based on this information, these structures will be left in
place because dredging can be conducted immediately adjacent to the untreated timber groins in
lieu of removal and replacement. The approach for the timber groins is described in Table 9-4 and

presented on the Drawings (Volume lll).

Table 9-4
Upper Reach Overwater/In-Water Structures Planned Actions
Structure
Name Structure Structure Adjacent
SMA (ID No.) Type Description Owner Property Planned Action
2-foot dredge offset
South Park from bridge fender.
Bridge, Boeing, Spotter required
14 ST02 Bridge bascule pier King County King when working within
and fendering County 30 feet of bridge
system footprint.
Overhead clearance.
Bulkhead shoring/
Steel and Boelng,. sgpport for debris
9 STO3 Bulkhead timber oilings Port of Seattle | CenterPoint pile removal along
pring Properties the north end of the
wall.
Bulkhead Steel 5-foot dredge offset
ulkhea tge . ) from bulkhead.
and sheetpile and CenterPoint | CenterPoint
7 ST03 . . Set top of dredge
armored armored Properties Properties
slope at known toe
slope slope .
of armoring.
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SMA

Structure
Name
(ID No.)

Structure
Type

Description

Structure
Owner

Adjacent
Property

Planned Action

ST04

Dolphins
and piles

Timber piles

Container
Properties

Container
Properties

Demolish timber
dolphins to facilitate
dredging.

Replace actively
used tribal fishing
piles.

ST10

Piles

Single timber
pile field

Port of Seattle

Port of
Seattle

Demolish timber
piles to facilitate
dredging.

ST07

Groins

Untreated
timber pile
groins

WDNR

Boeing

Protect in-place
timber pile groins
during dredging
(e.g., no tying up
equipment, etc.).
Demolish individual
timber piles to
facilitate dredging.

Note:

SMA: sediment management area
WDNR: Washington State Department of Natural Resources

9.3.2 Outfalls

Outfalls located within or adjacent to SMAs have been evaluated to develop requirements for

dredging setbacks/offsets, and outfall energy dissipation for bank erosion protection. Table 9-5

presents planned actions as they apply to the outfall structures.

Table 9-5
LDW Upper Reach Outfall Structures Planned Actions'
Outfall Pipe
Name Active or | Diameter Pipe
SMA (ID No.) Inactive (inches) Material Owner? Planned Action
South Park
2214 Active 15 PVC Marina e Protect in place.
13 AJZ:\Ee City of ¢ No action; location is outside SMA
Storm Active 15 PVC Seattle and should not be impacted by
Drain construction activities.
e Protect in-place outfall (no offset)
Ductile | CenterPoint by working in the dry, if possible,
9 2075 Active 30 iron Properties and temporarily covering the
P outfall to prevent plugging it with
dredged or placed materials.
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Outfall Pipe

Name Active or | Diameter Pipe
SMA (ID No.) Inactive (inches) Material Owner? Planned Action
Demolish if encountered within
i Unknown *
2076 Inactive 30 Steel dredge footprint,
. Ductile . .
2077 Active 18 iron Boeing e Protect in place.
Demolish if encountered within
i Unknown *
2074 Inactive 8 CMP dredge footprint.
7 e Protect in place.
2073 Active 18 Ductile | CenterPoint | ¢ |nstall discharge bed erosion
iron Properties protection (i.e., energy
dissipation).

Ductile ¢ If encountered during dredging,
2092 Active? 18 ron Boeing remove sediment around the
outfall (no offset required).

¢ If encountered during dredging,
2097 Active3 8 Steel Boeing remove sediment around the
outfall (no offset required).

¢ If encountered during dredging,

DC16 Active? 6 Dyctlle Boeing remove sediment around the
iron .
outfall (no offset required).
1 ¢ If encountered during dredging,
2096 Active? 6 Cast iron Boeing remove sediment around the
outfall (no offset required).
e Protect in place.
2093 Active 24 Concrete Boeing ¢ |Install discharge bed erosion

protection (i.e., energy
dissipation).

¢ If encountered during dredging,
2094 Inactive 12 Concrete Unknown remove sediment around the
outfall (no offset required).

Notes:

1. The outfall information is from the LDW Rl and Leidos 2014 and 2020 outfall inventory surveys (Windward 2010; Leidos 2014,
2020), supplemented with information obtained during the PDI and from LDWG.

2. Outfall ownership is based on "Outfall Type" information provided in Ecology outfall inventory (Leidos 2020). When Ecology
inventory notes private storm drain, ownership was assumed to be the same as the parcel owner. For inactive/abandoned outfalls
where parcel ownership has changed since abandonment of the outfall, the ownership is listed as unknown.

3. This outfall will be abandoned by the time of construction as part of the Boeing Development Center Stormwater Improvements
project, as discussed in Section 2.2.

CMP: corrugated metal pipe

LDW: Lower Duwamish Waterway

LDWG: Lower Duwamish Waterway Group

RI: Remedial Investigation

SMA: sediment management area
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10 Remedial Technology Design

This section describes the development of design criteria for the selected RD elements summarized
in Section 2.1.2. This section also describes the design analyses conducted to select the criteria,
including a summary and detailed description of objectives, design assumptions, and restrictions
(where appropriate) that are used in the design of the remedial actions. Specifically, details are
provided for the following:

¢ Equipment selection

e Dredge design

e Engineered cap design

¢ ENR design

e Area-specific technology design

e Material types and placement methods

e MNR

e Flood rise analysis

¢ Climate change design considerations

e Maintenance, monitoring, and institutional controls

Application of the criteria is demonstrated on the Drawings, and details of implementing these
criteria are provided in the Specifications (Volume lIl).

10.1 Equipment Selection

Equipment selection for sediment remediation projects must be carefully considered by contractors
using their experience with the site conditions, standard and specialized equipment they have used
and have access to, and the expertise of their personnel. Equipment selection is typically based on
the ability of the equipment and contractor means and methods to meet performance-based
specifications that set forth detailed performance requirements to be achieved by the contractor.
These performance specifications include specified materials characteristics, earthwork tolerances,
environmental criteria (e.g., water quality and sediment chemistry), schedule requirements, health
and safety, and quality-of-life considerations (e.g., air, noise, and light).

Using performance specifications allows experienced remediation contractors to develop the
appropriate means and methods for using equipment that they determine is the most appropriate
for the different site conditions they will encounter in the upper reach. The use of performance-
based design approaches are key lessons learned from previous EAAs (see Table 2-2 of the RDWP
[Anchor QEA and Windward 2019a]). Performance-based specifications inform the operational
characteristics and requirements of the project design and allow for contractor expertise, use of
specialized equipment, and contractor flexibility to perform the work based on the constraints of the
design and unique site characteristics.

100% Remedial Design Basis of Design Report
Lower Duwamish Waterway Upper Reach 66 January 2024



The design approach to inform the contractor’s equipment selection uses a combination of
performance-based specifications with some use of method-based specifications, which are
specifications that direct the contractor to conduct specific work in a specific manner. An example of a
performance specification is to set the water quality criteria that the contractor will be required to
meet during in-water operations but not tell the contractor what equipment to use to meet that
performance criterion. An example of a method specification is to tell the contractor to dredge a side
slope from the top of the cut slope to bottom of the cut slope to limit the risk of slope failure.

Of key importance for any mechanical dredging project is the type of dredge bucket(s) that is used,
which is discussed in detail in Section 10.2.1. For the upper reach, the contractor will be required to
use an environmental-type closing bucket as the primary dredge technology. The use of alternate
buckets will be based on acceptance from the Project Representative if conditions are encountered
that may not be suitable for an environmental bucket, such as hard substrate, debris, and/or bank
areas.

In general, requiring a contractor to use a specific piece of equipment or method (e.g., method
specifications) can ultimately be limiting and may prevent the contractor from applying its
experience on how to best accomplish the dredging work while meeting environmental performance
criteria. In this sense, using only method specifications can have the unintended consequence of a
dredging project that is less environmentally protective than a project where the contractor can
choose the equipment and bring its experience to bear. Thus, for this project, remediation
equipment selection will be done by the contractor to meet performance specifications that dictate
the required environmental outcomes, the monitoring that will be conducted, and the contingency
actions that will be taken to assure environmental protectiveness.

The contractor will identify proposed equipment in the RAWP, subject to review and approval by the
Owner and EPA. A QA/QC program is detailed in the CQAP (Volume Il, Part I) and reflected in the
project Specifications (Volume lll) to confirm that the work identified in the specifications, design
drawings, and RAWP are being measured and met as construction proceeds. The contractor will be
required to modify procedures and equipment as needed to meet the performance specifications,
and this process is described in the CQAP.

Based on past experience, the following sections include discussion of the specific equipment that is
anticipated to be used by the contractor.

10.2 Dredge Design

This section documents the basis for dredging equipment selection and describes the dredge prism
design criteria, dredging tolerances, and anticipated dredging production rates. Additionally, this
section describes support activities associated with dredging, including material transloading, upland
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transport and disposal, post-dredge sampling, dredge residuals management, and post-dredge
backfilling.

10.2.1 Dredging Equipment Selection

The FS included screening of removal process options, including mechanical dredging methods
(e.g., mechanical cranes and barge-mounted excavators), hydraulic dredging methods, and upland
excavation (AECOM 2012). The FS discusses the infeasibility of using hydraulic dredging as the
primary dredge method due to the following:

e Impacts to waterway users
e Lack of upland space to dewater hydraulically dredged slurry
¢ Inability to remove debris

Hydraulic dredging entrains significant amounts of additional water (e.g., typically four to seven
times the volume of dredged sediment), which requires a large area for dewatering and water
treatment processes, increases the energy used, adds complexity, and generates additional waste
streams (e.g., process water, expended treatment media). Hydraulic dredging also transports the
dredged materials as a slurry through a hydraulic transport pipeline that extends from the hydraulic
dredge to the dewatering site, sometimes located miles away; these transport pipelines are typically
floating and obstruct the use of the waterway where the pipeline is located. Hydraulic dredging had
been retained in the FS for location-specific circumstances where the total amount of water
generated would be small and controllable. Evaluation during the Preliminary (30%) RD determined
that hydraulic dredging would not be required for the upper reach.

Mechanical dredging and excavation are the most commonly practiced forms of sediment removal in
the Puget Sound region, with approximately 90% of projects in the region using it during project
implementation. These methods are adopted in the Final (100%) RD as the primary removal
equipment for in-water work. Mechanical dredging is expected to be the optimal method in
open-water areas because of its effective removal of consolidated sediment, debris, and other
materials such as piling and riprap; and its relatively compact operational footprint, thus reducing the
potential impact to existing waterway operations. Dry excavation using conventional earth-moving
equipment working above the water line is also retained for use in intertidal and embankment areas,
but it is expected to be implementable only for a low percentage of the removal volume because of
access limitations and location of SMAs.

10.2.1.1  Mechanical Dredging Equipment and Bucket Selection

Mechanical dredges employ a bucket to retrieve sediment from the bed of the waterway, move the
sediment up through the water column, and place it into an adjacent haul vessel (such as a barge) for
transport and disposal. Two major categories of mechanical dredges are differentiated based on the
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method of bucket deployment. The first category uses a wire attached to a crane or derrick to lower
the bucket to the bed and retrieve sediment. The second category deploys the bucket at the end of
the arm of an excavator or backhoe and is sometimes referred to as an articulated fixed-arm dredge.
Mechanical dredges can be further classified by the type of bucket used, such as conventional open
clamshell bucket or environmental buckets (Exhibit 10-1). The Technical Guidelines for Environmental
Dredging of Contaminated Sediments (USACE 2008a) described the following types of mechanical
dredge buckets:

¢ Conventional Clamshell Bucket: This conventional dredge consists of a wire-supported,
open clamshell bucket. This bucket is often used from a barge-mounted derrick crane and is a
heavy bucket with teeth that are suitable for digging consolidated materials, handling debris,
and penetrating deeply into sediment to allow higher production rates.

¢ Environmental Bucket: The environmental (or closed) bucket is a near watertight or sealed
bucket (when complete bucket closure is possible) as compared to the conventional open
bucket. Recent designs (e.g., Cable Arm) also incorporate a level-cut capability as compared
to a circular-shaped cut for conventional buckets. The environmental bucket is typically lighter
in weight than conventional clamshell bucket and can be ineffective when dredging
consolidated sediment, rock, or debris.

¢ Articulated Bucket: Articulated buckets include both conventional buckets and
environmental buckets but use a hydraulic closing mechanism to operate the bucket instead
of a cable or wire pulley system. The articulated bucket is typically supported by an
articulated, fixed arm (e.g., Hydraulic Profiling Grab bucket system, Young Manufacturing
rehandling bucket). Articulated buckets may have tighter control on bucket location than a
bucket suspended on a cable or wire pulley system. Articulated buckets used for sediment
remediation dredging are typically 3 to 8 cy in size and are fully closing.

Table 10-1 provides a comparison of both conventional and environmental buckets, including the
benefits and constraints typically associated with each technology.
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Table 10-1

Comparison of Conventional and Environmental Dredge Bucket Benefits and Constraints

Bucket Type

Benefits

Constraints

Conventional

Minimizes entrained water in dredge
bucket, which reduces the need for water
management during offloading and
disposal

Capable of removing hard sediments
More effective at removing debris

Potential loss of sediment and increased
resuspension into water column when
bucket is raised

Typically result in a less even dredged
surface compared to a level-cut
environmental bucket

Environmental

Reduces potential loss of sediment and
resuspension when bucket is raised
through the water column

Some environmental buckets have level-
cut capability, which can increase
precision.

Low resuspension in unconsolidated
sediment deposits

Captures more water than conventional
bucket; this issue is exacerbated when
precision (thin) cuts are required

May be unable to remove hard
sediments or debris

Closed design can increase "bow wake”
as bucket digs into sediment, causing
local resuspension and residuals around
digging site.
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Exhibit 10-1
Different Bucket Types

Articulated bucket (horizontal profile grab)
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Environmental buckets have been designed to work with mechanical dredging equipment

(e.g., derrick cranes or hydraulic excavators). However, minimizing the loss of sediment out of the
bucket does not necessarily mean reducing suspended solids or lowering turbidity. As discussed in
Wang et al. (2002), environmental buckets have not been proven to reduce suspended sediments in
all site conditions.

When used in unconsolidated sediment without significant debris, environmental buckets have been
shown to be effective at reducing loss of sediment from the bucket. Unconsolidated sediments are
anticipated to occur in many dredge areas in the upper reach, which supports the use of an
environmental bucket as the primary technology for removal.

The selection of dredge bucket and equipment is project- and contractor-specific and can vary
depending on location-specific factors even for a single dredging project. The best equipment for
one task may be unsuitable for another task. Dredging soft sediments in open water with minimal
debris can be effectively accomplished with a conventional derrick crane and environmental and
closed buckets. Constrained dredging in limited access areas may be more appropriately
accomplished using an articulated bucket. In site conditions with significant debris, neither
environmental buckets nor conventional buckets may be able to fully close; any bucket technology
tends to lose most or all of the dredged sediment from the bucket as it is raised through the water
column when debris prevent complete bucket closure.

As discussed in Section 10.1, the contractor will be required to use an environmental-type closing
bucket as the primary dredge technology. It is anticipated that a 6- to 8-cy-sized dredge bucket
would reasonably be used for dredging in most locations given the size of the project and
requirements for bank dredging. However, in areas that contain small to larger debris (e.g., heavy
vegetation, rock and concrete slabs, intact and broken pilings, and fused debris piles) or harder
sediment, environmental buckets are anticipated to be ineffective; therefore, a heavier bucket with
conventional digging capabilities or a specialized bucket to remove debris would likely be the type of
equipment selected by the contractor.

Dredging operations have well-established BMPs to limit sediment disturbance and manage
potential water quality effects (USACE 2008a). Operational and engineering controls will be defined
in the construction Specifications (Volume Ill), which the contractor will be required to implement.
Construction BMPs related to mechanical dredging and reducing water quality effects during
dredging are discussed in Sections 11.1 and 11.2.

10.2.2 Land-Based Excavation

Land-based excavation using excavators, backhoes, and other conventional earth-moving equipment
may be used to remove intertidal and bank area materials. Excavation in these areas may be
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coordinated “in the dry” during periods of low tidal elevations; however, depending on weather,
tides, scheduling, and contractor production, it will be necessary to conduct some intertidal sediment
removal (excavation or dredging) below water. Intertidal sediment and shoreline bank soil excavation
“in the dry” reduces the potential for release of impacted intertidal sediment and shoreline bank soils
to the LDW by removing the sediment accessible from the upland when the tides are low and the
sediment is exposed.

Given the geometry of the bank areas and the typical reach of upland-based equipment, it is
anticipated that materials removed from the bank areas may need to be placed into a temporary
upland stockpile area or directly into trucks, depending on site access agreements and available
upland space. Thus, any land-based work will require access, staging areas, loading operations, and
ground transportation. These logistical factors tend to favor accomplishing the work with floating
equipment, although that can be impractical in shallow water areas such as at the Container
Properties bank (SMA 5) where excavation and material placement will occur. No other SMAs are
anticipated to require land-based excavation, although provision for land-based access is depicted on
the Drawings (Volume lll) in other locations to support activities such as material placement.

10.2.3 Debris Removal

As discussed in Section 2.3.10, Identified Debris are located within several dredging footprints.
Identified Debris is generally considered to be debris that is anticipated to require specialty
equipment to remove (i.e., unlikely to be removed with a dredge bucket). The contractor will be
required to remove ldentified Debris within an SMA prior to dredging that SMA.

There are two large deposits in SMA 9 presumed to be anthropogenic waste materials associated
with former industrial activities that are classified as Identified Debris for removal. Removal of this
Identified Debris will require installation of a shoring sheetpile wall adjacent to the existing bulkhead
wall (Section 9.2.3) and is expected to occur before dredging of the adjacent sediments within the
SMA. The debris in front of the sheetpile shoring wall will be removed to the surrounding mudline
plus 2 additional feet. Although the Specifications will not require the contractor to attempt to lower
the height of debris piles behind the new sheetpile (before or after installation), the situation will be
assessed, and if it is in the interest of the contractor or Owner to try to remove debris from the space
between the sheetpiles, that decision would be made as an adaptive management strategy during
construction. Debris between the existing and new sheetpile walls will be left in place if it cannot
practicably be removed and will be covered with reinforced cement grout following installation of
the sheetpile wall. Additionally, if the debris piles waterward of the new sheetpile wall extend further
than 2 feet below the mudline, that portion may also be left in place unless observed conditions in
the field support a decision by the Project Representative to direct the removal of additional debris.
Clean backfill will be placed over the footprint of debris removal that occurs waterward of the new
sheetpile wall. Section 10.2.7.1 discusses characterization of the debris piles for disposal.
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In addition to Identified Debris, Incidental Debris may be encountered during dredging. Incidental
Debris will not be separately removed prior to dredging and will be handled, transported, and
disposed of with the dredged sediment.

10.2.4 Dredge Prism Design

As described in Section 6, horizontal limits of the RAAs were set to encompass the RAL exceedance
area and modified to account for engineering considerations, review of adjacent chemistry results,
and constructability considerations. Vertical extent of contamination was defined on either an
elevation or thickness basis to remove material exceeding any of the RALs applicable to surface
sediments. The dredge prism design combines these considerations to target removal of the
horizontal and vertical extents of contamination.

Dredge elevations were used as the basis for the vertical extent of dredging when data suggest
similar elevations of contamination over a contiguous area. The basis for the dredge elevation used
in design is the field-measured mudline elevation for the relevant vertical cores, as summarized in
Appendix A Table A.1-3. In general, elevation-based cuts were used in areas within the FNC due to
the typical nature of past dredging to constant dredge elevations in these areas (suggesting that
contaminant releases would have been expected to settle above a similar elevation). For
elevation-based dredge prisms, core data were reviewed to establish the deepest extent of
contamination, which was then rounded to the next deepest half-foot interval for constructability
purposes. For example, if the bottom of the deepest core interval exceeding surface RALs was

at -18.3 feet MLLW, the required dredge elevation was set to -18.5 feet MLLW. This rounding to the
next deeper interval results in a more conservative dredge cut design. Bathymetric survey
measurements during construction will confirm that the required dredge elevation has been met.

Dredge thickness cuts were used as the basis for the vertical extent of dredging when vertical core
data suggested similar thicknesses of contamination within an area. This approach generally
occurred in areas outside the FNC and in areas that are along slopes because historically, these areas
would have had natural sloping contours upon which contamination could have accumulated to
consistent thicknesses instead of consistent elevations. Thickness cuts were also assigned to some
areas within the FNC or berthing areas with vertically bounded contamination with only RAL
exceedances in the 0- to 10-cm (0- to 4-inch) or 0- to 60-cm (0- to 2-foot) intervals. For these areas,
the vertical extent of dredging was assigned a minimum dredge thickness because the data indicate
that contamination is found only on the upper surface of the sediment bed at that location. The
design thickness cut defines a three-dimensional surface that will be the required dredge surface for
use by the contractor, and the actual cut thickness to achieve the design surface will be adjusted by
the contractor during construction to reflect any mudline elevation changes between the design
bathymetry dataset and the pre-construction bathymetry dataset. Bathymetric survey measurements
during construct