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LIST OF ACRONYMS AND ABBREVIATIONS

ug/kg micrograms per kilogram

ug/L micrograms per liter

um micrometers

1,1-DCE 1,1-dichloroethylene

ADCP acoustic Doppler current profiler

AIR Area Identification Report

AOC Administrative Settlement Agreement and Order on Consent

AOPC Area of Potential Concern

APE Area of Potential Effects

ARARs applicable and relevant and appropriate requirements

AST aboveground storage tank

AWQC Ambient Water Quality Criteria

BA Biological Assessment

BAZ Biologically Active Zone

BERA Baseline Ecological Risk Assessment

BHHRA Baseline Human Health Risk Assessment

bgs below ground surface

BiOp Biological Opinion

BHC benzene hexachloride

BMP best management practices

BNSF Burlington Northern Santa Fe Railroad Company

BSAF biota sediment accumulation factors

BTEX benzene, toluene, ethylbenzene, xylenes

BTU British Thermal Unit

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

cfs cubic feet per second

cis-DCE cis-1,2-dichloroethylene

CLP Contract Laboratory Program

cm centimeter

COCs chemicals of concern

CaOI chemical of interest

corcC chemical of potential concern
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CPD City of Portland datum

CQA Construction Quality Assurance

CQAP Construction Quality Assurance Plan
CRBG Columbia River Basalt Group

CRD Columbia River Datum

CvOoC chlorinated volatile organic compounds
CWA Clean Water Act

cy cubic yard

DAR Design Analysis Report

DEQ Oregon Department of Environmental Quality
DNAPL dense non-aqueous phase liquid

DOE Washington State Department of Ecology
DQOs data quality objectives

DSL Department of State Lands

EE/CA Engineering Evaluation/Cost Analysis
EMS Environmental Management System
ESA Endangered Species Act

FAMM Fuel and Marine Marketing

FFS Focused Feasibility Study

ESP Field Sampling Plan

GLISP Guild’s Lake Industrial Sanctuary Plan
GPM gallons per minute

GWFEFFS Groundwater Focused Feasibility Study
HASP Health and Safety Plan

HPAH high molecular weight PAH

HQ Hazard Quotient

JSCS Joint Source Control Strategy

KI Koppers, Inc.

LMRP Long-term Monitoring and Reporting Plan
LNG liquefied natural gas

LPAH low molecular weight PAH

LWG Lower Willamette Group

MCL Maximum Contaminant Levels

MFA Maul Foster & Alongi, Inc.

mg/kg milligrams per kilogram
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mg/L
MGP
MHW
MNR
MOU
msl
N/m?2
NAPL
NAVDS88
NCP
ng/kg
ng/L
NGVD29/47
NMEFS
NOAA
NPDES
NPL
NRDA
NRIU
OHW
OPA
OSHA
PacTerm
PAH
PBRA
PBTs
PCBs
PCE
PEC
PG&C
PGE

pg/L
PNO

ppm
PRD

milligrams per liter

Manufactured Gas Plant

Mean High Water

monitored natural recovery
Memorandum of Understanding

mean sea level

Newtons per square meter

nonaqueous phase liquid

North American Vertical Datum of 1988
National Contingency Plan

nanograms per kilogram

nanograms per liter

National Geodetic Vertical Datum of 1929
National Marine Fisheries Services
National Oceanic and Atmospheric Administration
National Pollutant Discharge Elimination System
National Priorities List

Natural Resource Damage Assessment
Natural Resources Inventory Update
Ordinary High Water

Qil Protection Act

Occupational Safety and Health Administration
Pacific Terminal Services, Inc.

polycyclic aromatic hydrocarbon
Probable Benthic Risk Area

persistent bioaccumulative toxins
Polychlorinated biphenyls
tetrachloroethene

Probable Effects Concentration

Pacific Gas & Coke

Portland General Electric

picograms per liter

Pacific Northern Oil

parts per million

Portland River Datum
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PRGs
PRPs
QA/QC
QAPP
RAOs
RBCs
RCRA
Rhone-Poulenc
RI/FS
RM
ROD
SCSR
sec

SEF
SHAs
SHPO
Siltronic
SLLI
SLV
SOW
5Q
SSPA
SVOC
SWAC
TBCs
TCE
TCLP
TDP
THPO
TOC
trans-DCE
tsf

TSS
TZW
U.S. Moorings

preliminary remediation goals
potentially responsible parties

quality control/quality assurance
Quality Assurance Project Plan
Remedial Action Objectives

risk-based concentrations

Resource Conservation and Recovery Act
Rhone Poulenc AG Company
Remedial Investigation/Feasibility Study
river mile

Record of Decision

Site Characterization Summary Report
second

Sediment Evaluation Framework
special habitat areas

State Historic Preservation Officer
Siltronic Corporation

Star Link Logistics

screening level values

Statement of Work

Screening Quotients

SS Papadopulos

semivolatile organic compounds
Surface-area Weighted Average Concentration
to be considered initiatives
trichloroethene

toxic characteristic leaching procedure
Transportation and Disposal Plan
Tribal Historic Preservation Officer
total organic carbon
Trans-dichloroethylene

ton per square foot

total suspended solids

transition zone water

U.S. Army Corps of Engineers Moorings Station
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USACE
uSsT
VOCs
WBZ
WQC
WQMP

U.S. Army Corps of Engineers
underground storage tank
volatile organic compounds
water bearing zone

Water Quality Criteria

Water Quality Monitoring Plan
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1 BACKGROUND

In 2000, the U.S. Environmental Protection Agency (EPA) added the Portland Harbor
Superfund Site (Portland Harbor Site) to the National Priorities List (NPL) pursuant to the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980, as
amended, 42 U.S.C. § 9601, et seq. (CERCLA or Superfund; EPA 2001c). The Portland Harbor
Study Area currently encompasses approximately 10 miles (river mile [RM] 1.9 to 11.8) of the
Lower Willamette River in Portland, Oregon and including the offshore areas adjacent to the
NW Natural “Gasco” and Siltronic Corporation (Siltronic) properties (Figure 1.1-1). In fall 2001,
EPA and 10 of the Superfund Site’s potentially responsible parties (PRPs), including NW
Natural, entered into an Administrative Order on Consent for Remedial
Investigation/Feasibility Study (RI/FS), CERCLA-10-2001-0240 (EPA 2001c) for the Portland
Harbor Site. The RI/FS will characterize the nature and extent of contamination, assess the
ecological and human health risks at the Portland Harbor Site, and evaluate feasibility
alternatives for cleanup. The Administrative Order on Consent allows Early Actions to be

conducted to address known risks at specific locations within the Portland Harbor Site.

Contaminants found in shoreline and/or offshore media adjacent to the NW Natural Gasco and
Siltronic properties led to a determination by EPA that a cleanup adjacent to these properties is
necessary to protect the public health, welfare, or the environment. Accordingly, NW Natural
and Siltronic entered into the Administrative Settlement Agreement and Order on Consent
(AOC; Docket No. CERCLA 10-2009-0255) with the EPA on September 9, 2009, to conduct an
Engineering Evaluation/Cost Analysis (EE/CA), and to design a final remedy for the Gasco
Sediments Site within the Portland Harbor Site. The Order contemplates that construction of
the remedy would be under a Consent Decree with EPA after the issuance of the Portland
Harbor Site Record of Decision (ROD). Additional investigation to fill identified data gaps will
be conducted as part of the design phase. The area that will be subject to remedial actions at the

Gasco Sediments Site will be referred to as the Project Area in this document.

As described in the Statement of Work (SOW) attached to the AOC, the Project Area will be
determined in a series of iterative evaluation steps that are intended to make the remedial
design for the Project Area consistent with EPA’s proposed remedy for the Portland Harbor Site
remediation. The current general Project Area for the Gasco Sediments Site is described in

Section 1.2.1, and the Project Area is generally defined as those in-water sediments on or
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adjacent to the Gasco and Siltronic properties where Manufactured Gas Plant (MGP) wastes and

chlorinated volatile organic compounds (CVOCs) are present in the Lower Willamette River.

The goal of the Project Area cleanup will be to implement a final remedy that addresses all
current and anticipated in-water Removal/Remedial Action Objectives (RAOs) defined in the
SOW. The selected remedy will be included in the Portland Harbor Site ROD for the Project
Area. Therefore, the Project Area remedy design will be refined as necessary to address future
changes to the Portland Harbor Site RAOs and information presented in the Portland Harbor
Site FS, EPA’s proposed plan and the ROD to develop a remedial design that is consistent and
fully integrated with the Portland Harbor Site remedy. As described in Section 1.2.2, prior to
initiation of the Gasco remedy, all necessary upland source controls will be conducted at the
NW Natural Gasco and Siltronic facilities in coordination with the Oregon Department of
Environmental Quality (DEQ) to prevent recontamination. EPA, DEQ, and other government
agencies agreed in a Memorandum of Understanding (MOU) that DEQ would be the lead
agency for work relating to the upland portion of the Portland Harbor Site. The Project Area
remedy will be designed and implemented to minimize interference with ongoing marine

operations and to allow flexibility in continued waterfront use.

1.1 Work Plan Introduction and Goals

This Work Plan has been prepared on behalf of NW Natural in coordination with Siltronic to
tulfill the requirements of Section 3 of the SOW attached to the AOC. The goal of the work
defined by this Work Plan (i.e., this project) is the design of a final remedy at the Gasco
Sediment Site so that construction of the remedial action can begin expeditiously following
issuance of the ROD for the Portland Harbor Site. It is anticipated that remedial action will be
implemented under a consent decree after EPA issuance of the ROD. In support of the design
development, further Project Area characterization, studies, and analysis will be conducted for
this project. The design will include preference for removal of in-river materials containing
“substantial product” (as defined in Section 3.6.2.1 of the SOW and discussed in Section 4.6.3.1
of this Work Plan), such as dense non-aqueous phase liquid (DNAPL) and tar, but will also
include a complete evaluation of other available active remedial options (e.g., containment and

enhanced monitored natural recovery [enhanced MNR]) and MNR.
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1.2 Project Context

This section describes conceptually how the Gasco cleanup project fits into the other Portland
Harbor and upland Gasco property remediation activities (i.e., programmatic sequence) to
provide a context for the project. The sequencing description is useful for understanding the
overall project goal for the work to be performed under the AOC. This section also describes
risk management principles that will help guide the work under the AOC. New information
may be learned or changed circumstances may lead to changes in the sequencing or the agency

lead roles discussed below.

1.2.1 General Project Area

As discussed in the SOW, the Project Area at the Gasco Sediments Site will be determined in a
series of iterative evaluation steps that are intended to make it consistent with the Portland
Harbor Site remediation. For discussion purposes, the general area currently under
consideration for the Project Area is shown in Figure 1.2-1, consistent with Figure 1 in the SOW.
This figure shows subareas where visible product is often, but not always, present (shown in
dark green), areas associated with bioassay toxicity (shown in green), areas where total
polycyclic aromatic hydrocarbon (PAH) concentrations are above the Probable Effects
Concentration (PEC; shown in light green), and approximate areas where transition zone water
(TZW) or surface water concentrations of trichloroethene (TCE), cis-1,2-dichloroethylene (cis-
DCE), or vinyl chloride are above the relevant Joint Source Control Strategy (JSCS) Screening
Level Values. There are no specific expectations with regard to remediation in any of these
areas; rather, EPA and NW Natural and Siltronic intend that remedial design for these areas
will be consistent with the Portland Harbor Site RI/FS and ROD, except as may otherwise be
required under the SOW.

1.2.2 Programmatic Sequencing

The appropriate sequencing of remedial measures at the Project Area is critical to maximize the
effectiveness of the overall Portland Harbor Site remedy and minimize the potential for
recontamination. Four distinct phases of work under DEQ and EPA direction are anticipated to

occur in the following sequence (see Figure 1.2-2):

1. Gasco and Siltronic facility groundwater/DNAPL source control (DEQ lead)
2. Upland remedial actions (DEQ lead)
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3. Gasco Sediments Site final sediment remedy — phased (EPA lead), design of which is the
subject of this Work Plan
4. Portland Harbor Site remedy (EPA lead)

1.2.2.1 Groundwater/DNAPL Source Control

The Gasco property groundwater/DNAPL source control work needs to be completed first to
prevent recontamination of any sediment remedy. A focused FS for the Gasco property source
control work has been completed, and an interim source control action is currently under
design. The DEQ has requested implementation of a vertical barrier technology to prevent
DNAPL migration in conjunction with a groundwater extraction and treatment system. A
DNAPL extraction system may also be included in upland source controls, depending upon the
findings of the planned DNAPL Removal Pilot Program. NW Natural believes the hydraulic
containment system should be constructed as soon as the design is approved, but that the
vertical barrier and DNAPL extraction system should be more thoroughly evaluated in the
context of the overall upland property FS. Any interim measures are expected to be part of an
overall upland final remedy. Additional upland source control for the Gasco property

potentially includes stormwater, pending the findings of ongoing stormwater sampling.

Upland source control at the Siltronic property includes enhanced in situ bioremediation in the
source area for CVOC impacts. The Siltronic Focused Feasibility Study (FFS) for groundwater
and TZW impacted by CVOCs has been reviewed by DEQ (the supporting remedial
investigation is still under review). It is Siltronic’s goal that upland source controls for
MGP-related groundwater and DNAPL impacts will also, along with Siltronic’s CVOC source
area enhanced in-situ bioremediation, provide source control for the CVOC groundwater

plume.

NW Natural and Siltronic will continue to work under DEQ oversight on upland source control
actions related to the Gasco and Siltronic properties. The goal is for upland sources to be
controlled to the greatest extent practicable before or during Project Area sediment remedy
implementation so that post-remedy sediment recontamination is not predicted and that

sediment RAOs can be achieved and maintained.
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1.2.2.2 Upland Remedial Actions

The Gasco RI and risk assessment reports are currently being reviewed by DEQ, and the upland
FS is in the preliminary planning phase. The upland FS will include evaluations of technologies
and remedial alternatives to address upland soils, DNAPL, groundwater, and stormwater. The
remedial actions selected will be integrated with the source control actions discussed above into
an overall permanent remedy addressing all matrices and pathways posing risk at the Gasco
and Siltronic properties. The goal is to implement the upland work prior to placement of the

final Project Area sediment caps and dredge covers.

In the past, for the purpose of defining DEQ versus EPA-led work, water line equivalent to

13.3 feet NAVDS88 (Mean High Water; MHW) as the boundary at the Portland Harbor Site.
Thus, remedial work in riverbank soils above this line was evaluated in coordination with DEQ.
For project-specific reasons, riverbank remediation construction will take place simultaneously
with the Project Area construction so that a continuous fully integrated slope from Ordinary
High Water (OHW; 20 feet NAVDS88) to permanently submerged sediments consistent with
both riverbank and sediment designs can be constructed at one time with one set of river water
quality protection measures. As such, for purposes of planning and efficiency, per the SOW,
EPA will oversee both the sediment and riverbank remediation work (top of bank riverward).
EPA oversight of sediment construction and riverbank remediation work will: 1) extend from
the river sediments up to the top of the bank slope ending where the generally level portions of
the upland property begins; 2) result in a continuous fully integrated slope from the top of the
riverbank to permanently submerged sediments; and 3) be constructed at one time with one set
of river water quality protection measures consistent with both riverbank and sediment

designs.

The combined riverbank and sediment cleanup work will include one comprehensive
Endangered Species Act (ESA) evaluation in consultation with National Marine Fisheries
Services (NMFS; i.e., one Biological Assessment [BA]) that will cover both the sediments and
riverbank remediation work up to the top of the bank. The EE/CA will include evaluation of
removal of sediments underlying the sloping portion of the bank, also known as the “wedge”

area.
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1.2.2.3 Portland Harbor Site Remedy

The Portland Harbor Site RI is almost complete and the Portland Harbor Site FS phase is
beginning. A proposed final Gasco Sediments Site remedial alternative will be prepared so that
it can be described in EPA’s Proposed Plan for the Portland Harbor Site. The Proposed Plan
will describe the recommended Portland Harbor Site remedy and is subject to public comment
and review. After public comment, the remedy decision will be documented in the ROD for the
Portland Harbor Site. Once the ROD is completed, further source control work will continue,
and the remedial design and remedial action phase of work for Portland Harbor Site will begin.
One goal of this Gasco Sediments project is that the Project Area design will be complete and
ready for construction as the first or one of the first in a series of final sediment remedial actions
throughout Portland Harbor.

The design for the Project Area discussed in this Work Plan will rely on the Portland Harbor
Site risk assessment and FS information as it becomes available to develop a design for the
Project Area that is consistent and fully integrated with the Portland Harbor Site remedy.
Consequently, key points of information feedback between the Portland Harbor Site process

and this cleanup action include:

e The Portland Harbor Site Draft Baseline Risk Assessment (BERA) will be used to refine
the cleanup areas for the Gasco Sediments Site EE/CA
¢ The Portland Harbor Site Draft FS, including RAOs and preliminary remediation goals,

will be used to develop the Gasco Sediments Site preliminary design alternative.

1.3 Risk Management Framework

The Project Area cleanup goal is to design a remedy consistent with the ROD that will reduce
key human and ecological risks cost-effectively in consideration of Project Area characteristics,
resulting in a cleanup that is protective of public health and the environment and meets all
federal and state applicable and relevant and appropriate requirements (ARARs). The risk lines
of evidence used in the Portland Harbor Site ROD will guide risk management for the Project
Area. The design will also use a risk management framework consistent with EPA guidance
(EPA 1988 and 2005) on developing sediment remedies and specifically recognizes the risk
management goals for the project throughout the evaluation and design process. The risk
management-related approaches that are specifically important to this project and are consistent

with guidance include:
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e The Project Area cleanup boundary will be consistent with the draft or final Portland
Harbor BERA.

e Remedial alternatives will be evaluated with regard to total net risk reduction within the
overall framework of the NCP remedy selection criteria.

¢ The Portland Harbor risk assessment protocols, procedures, data, and outcomes will be
used whenever possible to set cleanup boundaries and evaluate risk reduction, unless
their use would cause an unacceptable delay to the Project Area remediation.

¢ Remedial alternatives will be evaluated for long-term effectiveness for a range of
technologies including dredging, capping, enhanced MNR and MNR.

¢ Remedial alternatives will include combinations of technologies that are tailored to
physical, chemical, and other conditions of the Project Area.

e The short-term risks (e.g., sediment resuspension, waterborne releases, and dredge
residuals) posed by different dredge methods (i.e., hydraulic and clam shell) and the
installation and removal of various containment systems (i.e., sheetpile and coffer dam)
will be evaluated.

e Because some of the risk is related to biota exposures, migration pathways,
bioavailability, and future exposure (e.g., sediment stability under various river current
and vessel propeller scour conditions) will be evaluated when predicting risk reduction.

¢ Future exposures and risks posed by the potential presence of mobile product in
sediment will be evaluated.

¢ Removal of “substantial product” (as defined in Section 4.6.3.1) from the Project Area for
off-site disposal, where consistent with the other risk management framework

approaches will be preferred.

1.4 Work Plan Organization

The remainder of this Work Plan is organized into the following sections:

e Section 2 — Summary of Existing Information

e Section 3 — Project Remedial Action Objectives and ARARs
e Section 4 — Work to be Performed

e Section 5 - Project Schedule

e Section 6 — References
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2 SUMMARY OF EXISTING INFORMATION

This section summarizes available data for the Project Area and adjacent upland areas

pertaining to its physical description, history, current operations, recent and ongoing remedial

activities, and ongoing and historical sources of contamination. This information provides the

context for the current understanding of the nature and extent of contamination within and

adjacent to the Project Area and the foundation for the conceptual site model discussed at the

end of Section 2.

Numerous environmental investigations and studies have been conducted within the Project

Area and the adjacent upland Gasco and Siltronic properties. The primary relevant

investigations include:

RI of the Gasco property conducted by HAI under a 1994 agreement for RI/FS between
NW Natural and DEQ. The Gasco RI work is documented in the Final Remedial
Investigation/Feasibility Study Work Plan (HAI 1995; Gasco RI), additional focused work
plans targeting specific data needs, and the Gasco RI Report (HAI 2007a).
Characterization of the “tar body” identified immediately offshore a portion of the
Gasco property, as documented in the Removal Action Work Plan (Anchor 2004a) and the
plans and design documents for the EPA-selected remedy for the tar body as
documented in the Removal Action Project Plan (Anchor 2005). Post-construction
characterization of the Tar Body Removal Action Area and subsequent monitoring, as
documented in the associated work plans (Anchor 2006a, 2008b) and monitoring reports
(Anchor 2007d, 2008¢, and 2009b).

Nearshore source control evaluation conducted on the Gasco property during 2001, as
documented in the NW Natural “Gasco” Site Draft Screening Level Nearshore Source Control
Evaluation Results Report (Anchor 2001).

The Gasco Phase 1 and Phase 2 Offshore Groundwater Investigations, TZW Study,
Cyanide Surface Water Investigation, and Seepage Study conducted on or offshore of
the Gasco property by Anchor QEA from July 2006 to October 2007. These activities are
documented in a series of field sampling plan documents, work plans, and data reports.
The Offshore Investigation Report (Anchor 2008b) presents a comprehensive description of
the investigation activities and findings.

Design studies conducted in support of the Gasco and Siltronic source control action,
including groundwater flow modeling, TarGost DNAPL evaluation, DNAPL migration

evaluation, and geotechnical investigations, as documented in the groundwater source
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Summary of Existing Information

control design reports, Preliminary Design Report (Anchor 2008e), and associated
technical memoranda.

e Source control evaluation reports including Gasco Source Control Data Gaps Evaluation
(Anchor 2006d), which compiles and screens upland source data along Segments 1
(south) and 2 (north) along the Gasco shoreline; and Source Control Evaluation Report
“Segment 3” Siltronic Property Related to NW Natural “Gasco” Site (Anchor QEA 2009a),
which compiles and screens upland source data along Segment 3 (entirely on the
Siltronic property) for MGP-related chemicals.

e RI of the Siltronic property (Siltronic RI) conducted by Maul Foster & Alongi, Inc. (MFA)
under an agreement for RI/FS between Siltronic and DEQ. The Siltronic Rl is
documented in the Siltronic RI Report (MFA 2007).

e In-river characterizations adjacent to the Siltronic property to characterize the offshore
impacts related to Siltronic property releases of trichloroethene (TCE) and its
degradation byproducts, as documented in the letter titled “Results of In-River Sediment
and Groundwater Investigation, Siltronic Corporation, 7200 NW Front Avenue,
Portland, Oregon, ECSI # 183” (MFA 2005a) and Supplemental Investigation Report (MFA
2005b).

¢ Rhone-Poulenc property source control evaluation, as documented in the Draft Source
Control Evaluation Report (AMEC 2008a).

e RI of the Portland Harbor Superfund Site (Portland Harbor Site RI), which is described
in greater detail below in Section 2.7.1. The Comprehensive Round 2 Site Characterization
Summary and Data Gaps Analysis Report (Comprehensive Round 2 Report; Integral et al.
2007) documents the activities and findings of the first two of the three major data
collection events conducted as part of the Portland Harbor Site RI. The Draft Portland
Harbor Site RI, currently in preparation by the Lower Willamette Group (LWG), will be a
comprehensive review of all three events. The Portland Harbor draft BERA and draft
Baseline Human Health Risk Assessment (BHHRA) have been submitted to EPA. The
Portland Harbor Site RI will include the majority of the offshore data collected during

the above-described Gasco, Siltronic, and Rhone-Poulenc property investigations.

Routine groundwater monitoring is conducted within upland Gasco and Siltronic properties
adjacent to the Project Area to monitor environmental conditions at these locations, and this
monitoring includes data collection related to Rhone-Poulenc investigations, and the results are
submitted to DEQ by the various responsible parties. The most recent monitoring data that

were not included in the above-described investigation reports are presented in the
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Environmental Monitoring Report for the Third and Fourth Quarter (HAI 2009) (Gasco), file entitled
“Siltronic Quarterly Monitoring Data” submitted to the DEQ by MFA (data through November
2008, MFA 2009a), and the Spring 2007 Groundwater Data Submittal Rhone-Poulenc-Portland Site

(AMEC 2008b). Where applicable, this information was included in the appropriate sections of

this summary of existing conditions.

In addition, long-term monitoring of the tar body removal action area offshore of the Gasco
property has been ongoing since early 2006 pursuant to that project’s Monitoring and Reporting
Plan (Anchor 2006a; 2008b). Monitoring results are presented in a series of event-specific and
annual data evaluation monitoring reports. This monitoring program is discussed further in
Section 2.7.2.3 below.

Section 2.9 of this Work Plan summarizes data and analysis presented in the above-listed
reports. Consistent with the SOW requirements for the Work Plan, this summary is not
intended to be a comprehensive data report. Rather, it relies on original reports prepared for
the individual Gasco, Siltronic, and Rhone-Poulenc projects and broader Portland Harbor Site
for the detailed information to assess cleanup alternatives and develop a selected remedy
design. Important figures, tables, and overall data summaries from these reports were used or
adapted in the Work Plan to illustrate known information and data gaps. The original reports
contain greater detail. As discussed in Section 4.4.2, a comprehensive data compilation and

screening will be conducted as part of the actual work to be performed for the project.

2.1 Project Area Location and Description

The Gasco Sediments Site is located along the western bank of the Lower Willamette River
within the Portland Harbor, a heavily industrialized reach downstream and north of downtown
Portland, Oregon. As shown on Figure 1.2-1, the Project Area includes a portion of the
federally-maintained Lower Willamette River navigational channel, which is currently
authorized to a 40-foot depth. The Project Area is adjacent to the Gasco and Siltronic properties
located between RM 6 and RM 6.7. The general Project Area extends from the river sediments
up to the top of the bank slope, ending where the generally level portions of the Gasco
Sediments Site begin (as defined in the SOW). As discussed in Section 1.2-1, the Project Area
shown in Figure 1.2-1 is presented for discussion purposes. The final Project Area will be
determined in a series of iterative evaluation steps intended to make the sediment cleanup area

consistent with the Portland Harbor Site remedy.
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The Project Area is within the Guild’s Lake Industrial Sanctuary Plan (GLISP), which is zoned
for industrial use (City of Portland 2001). The GLISP is intended to preserve and enhance
industrial land in the Guild’s Lake area. Over many decades, public and private investments
have occurred within this area in infrastructure, such as marine, rail, and highway facilities, as

well as investments in industrial physical plants.

The following sections present additional description of the Gasco and Siltronic properties’

features.

2.1.1 Gasco Property

The Gasco property comprises 44.65 acres along the western bank of the Lower Willamette
River. The property, situated approximately 2,000 feet upriver of the St. John’s Bridge, is
generally rectangular in shape (Figure 2.1.1-1). Property boundaries include the Lower
Willamette River to the northeast; a Burlington Northern Santa Fe Railroad Company (BNSF)
railroad right-of-way to the southwest; a property line shared with Siltronic to the southeast;
and a property line shared with the U.S. Army Corps of Engineers (USACE) Moorings Station
(U.S. Moorings) to the northwest. US Highway 30 (NW St. Helens Road), a former rock quarry,
an automobile impound yard, and the Tualatin hills lie beyond the BNSF right-of-way to the

southwest.

Surface features of the property include buildings, storage tanks, and equipment used in
industrial activities currently ongoing (Figure 2.1.1-1). The property ranges from mostly paved
or gravel-covered in the southwestern, western, and central portions of the property, to mixed
grass and trees in the northern and southeastern portions of the property. The southeastern
portion of the property (former effluent pond area) occupies approximately 10 undeveloped
acres, and is primarily covered with grasses and trees, with a small (approximately 3/4-acre)

seasonal pond feature (Figure 2.1.1-1).

Additional features include a utility easement that crosses the southwestern portion of the
property. Ultilities that exist within the easement include oil, gasoline, natural gas, water, and

sewer pipelines.

The ground surface at the property slopes gradually northeastward towards the Lower
Willamette River with surface elevations ranging from approximately 38 feet above mean sea

level (msl-City of Portland datum) at the southwestern portion of the property to approximately
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23 to 30 feet msl at the top of the riverbank. The riverbank, composed both of areas of riprap
and areas of non-armored soils, slopes steeply to an elevation of approximately 5 to 8 feet msl,
below which exists the shoreline with a more gradual slope. (Different vertical datum used by

various studies and there relationship are discussed more in Section 2.2.2).

2.1.2 Siltronic Property

The Siltronic property (shown on Figure 2.1.2-1) comprises approximately 80 acres along the
western bank of the Lower Willamette River. It is located immediately upstream of the Gasco
property and borders the BNSF railroad right-of-way to the southeast and southwest. Figure
2.1.2-1 shows Siltronic industrial operations and other defining features of the property as
discussed in this section. Siltronic industrial operations include two fabrication buildings
(FAB1 and FAB2) and the associated wastewater treatment plant, an administration building,
equipment used in industrial processes currently ongoing at the property (silicon wafer
fabrication), additional storage buildings, a Portland General Electric (PGE) substation, and
paved parking areas. A narrow greenbelt runs the full length of the site along the riverfront. A
City of Portland utility easement, approximately 100 feet wide, divides the site from the
northwest to the southeast and contains underground utilities for natural gas, fuel, water and
sewer pipelines, and cables for electrical and telephone service. West of the utility easement,
the property from southwest to southeast remains undeveloped, consisting of trees, mixed

grasses, open space, and the northwest drainage pond.

The Siltronic property is generally flat, with elevations slightly lower in the southeastern
portion of the property. The general property elevation is approximately 33 feet msl, and the
elevation along the Gasco/Siltronic property line is similar. The riverbank, composed of riprap,
slopes steeply to an elevation of approximately 5 to 8 feet msl, below which is the shoreline with

a more gradual slope.

2.1.3 Other Nearby Properties

The following properties (shown on Figure 2.1.3-1) are located immediately beyond the BNSF
railroad right-of-way: beyond the berms are the Star Link Logistics (SLLI, formerly known as
Aventis Crop Science and Rhone-Poulenc AG Company [Rhone-Poulenc]), ESCO Corporation,
Gould-NL Industries, and Arkema (formerly known as Atofina and Pennwalt) properties. The

US Moorings property (also shown on Figure 2.1.3-1) is located immediately downstream of the
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Gasco property. Each of these properties is currently undergoing an environmental

investigation and/or cleanup.

2.2  Physical Site Setting

This section summarizes available information pertaining to the physical setting of the Project
Area, including descriptions of hydrogeology, hydrology, river characteristics, shoreline

conditions, and climate data.

2.2.1 Hydrogeology

This section presents information on the geology and groundwater flow system in the Project
Area and adjacent upland areas. The hydrogeology of the Gasco and Siltronic properties is
described in the Gasco RI Report (HAI 2007a), and the Offshore Investigation Report (Anchor
2008b). Groundwater hydrology data are collected during routine environmental monitoring
events at the Gasco and Siltronic properties, and the results are presented in environmental
monitoring reports (HAI 2009). A site-specific ModFlow groundwater flow model has been
prepared to support source control design (SSPA 2008). The following sections summarize the

findings presented in these reports.

2.2.1.1 Geologic Setting

The geologic units of interest underlying the Project Area and adjacent upland areas can be
subdivided as follows, from youngest to oldest: 1) surficial fill deposits; 2) alluvial deposits; and
3) Columbia River Basalt Group (CRBG) (HAI 2007a). The distribution of these units is shown
in detailed geologic cross-sections in Figures 2.2.1-2 through 2.2.1-6, which are based on the
cross-section locations shown on Figure 2.2.1-1. The cross-sections were recently prepared
based on geologic data from the remedial investigations and the investigations completed to
support source control design at the Gasco and Siltronic properties. As illustrated in Figures
2.2.1-2 through 2.2.1-6, the primary difference between the shoreline geologic sequence and the
upland geology is the absence of the upland fill layer in shoreline and riverbed areas. The
shoreline slope is typically covered with a riprap layer that extends from top of bank to the river

edge. Riverbed and sediments properties are discussed further in Section 2.2.3.

The Gasco RI Report (HAI 2007a) and the Offshore Investigation Report (Anchor 2008b) describe
the location and composition of each of the geologic units in detail. A summary is presented in

the following sections, by geological unit.
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Surficial Fill Deposits

Large upland areas of the Gasco and Siltronic properties have been extensively filled through
time, beginning with initial property development. Much of the fill at the Gasco property,
especially in the northwestern and central areas, consists of poorly graded sands and silty sands
that were likely hydraulically placed river-dredge material. Other areas of fill contain
lampblack and/or pencil pitch material, solidified tars, oil, quarry reject rock, and building

debris, which were incorporated into the fill when these areas were brought to current grade
(HAI 2007a).

In addition to the overall build-up of ground surface elevations, filling activities at the Gasco
property have resulted in the removal of two site drainage features, including a creek in the
central portion of the property (parallel to the river) and a drainage feature/low area formerly
located adjacent to the lampblack storage area, where surface water runoff and MGP wastes

were discharged prior to construction of the effluent ponds in 1941 (HAI 2007a).

At the Siltronic property, the fill was found to consist of dredged materials, as well as imported
quarry rock. Further, in places the fill has been found to contain impacts potentially
attributable to re-distribution of MGP residues at the property and/or as a function of a
multitude of sources that may have impacted dredged sediments prior to placement on the
property. All fill-related activities at the Siltronic property were conducted by others after NW
Natural sold the portion of the Siltronic property that it owned in 1962 (HAI 2007a).

Alluvial Deposits

Quaternary-age alluvial deposits are found underlying the surficial fill and range in thickness
from approximately 30 feet near St. Helens Road to 190 feet thick adjacent to the Lower
Willamette River near the eastern corner of the Gasco property/northern corner of the Siltronic
property. Figures 2.2.1-2a through 2.2.1-2c show the varying thickness of alluvium near the
river channel. The alluvial deposits thin towards the eastern corner of the Siltronic property
(HAI 2007a).

As shown on Figures 2.2.1-2 through 2.2.1-6 the alluvium is composed of interbedded sand and
silt layers, with a basal gravel layer present at the basalt contact in many areas. The cross-
sections show that the alluvium is divided into two primary zones, an upper fine to medium
sand and a lower medium sand. The upper fine to medium sand is shown as a green colored

layer on the cross-sections and the lower medium sand is shown with green cross hatch pattern
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on the cross-sections. The hydrogeologic setting section (Section 2.2.1.2) describes in more
detail the contrasting hydrogeological properties of these two layers of alluvium. Soil borings
completed in shoreline and offshore river areas indicate that the alluvium unit in shoreline and

riverbed areas is similar in lithology to upland areas (Anchor 2008b).

Columbia River Basalt Group

The oldest and lowermost geologic unit of interest at the Project Area consists of the CRBG. The
Miocene-age CRBG, composed of a series of individual lava flows, generally forms the base
(bedrock) of the Portland Basin and outcrops immediately to the southwest of the Project Area
in the Tualatin Hills. The confined bedrock aquifers in the Columbia River Basalts have

historically been of significance regionally (HAI 2007a).

Figure 2.2.1-7 presents a bedrock surface elevation map. As shown on this figure, the basalt
surface dips steeply to the northeast, with the top of the basalt occurring at a depth of
approximately 35 feet below ground surface (bgs) near the southern corner of the Gasco
property to depths of 215 feet bgs near the eastern corner of the Gasco property. Although, in
general, the bedrock surface is anticipated to dip steeply from the Tualatin Hills towards the
Lower Willamette River, undulations in the surface are observed (HAI 2007a), as depicted on
Figure 2.2.1-7.

2.2.1.2 Hydrogeologic Setting

Groundwater occurs in three principal hydrologic zones beneath the Project Area and adjacent
upland areas. These zones include the following, listed from top to bottom: 1) unconfined
surficial fill water-bearing zone (WBZ); 2) semi-confined alluvial WBZ; and 3) confined bedrock
aquifers in the CRBG (HAI 2007a). The general distribution of these zones is illustrated on
Figure 2.2.1-2 through 2.2.1-6.

The Gasco RI Report (HAI 2007a), Environmental Monitoring Report for the Third and Fourth Quarter
2008 (HAI 2009), and Offshore Investigation Report (Anchor 2008b) presents data on groundwater
occurrence across the Project Area. The findings indicate the following general pattern of
groundwater flow: groundwater in the surficial fill WBZ and alluvium WBZ is recharged from
underflow originating in the hills west of the Project Area and from infiltration of incident
precipitation. The surficial fill WBZ and the alluvium WBZ discharge to the Lower Willamette

River.
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Since 1995, groundwater elevation data have been collected in upland wells on a quarterly basis
as part of the routine environmental monitoring program for the Gasco property. Water level
maps and groundwater level data tables across the Project Area are presented in the
Environmental Monitoring Report for the Third and Fourth Quarter 2008 (HAI 2009) Figures 2.2.1-8
through 2.2.1-11 depict groundwater levels measured on December 4, 2008.

The Gasco RI Report (HAI 2007a) and the Offshore Investigation Report (Anchor 2008b) describe
groundwater occurrence in the Project Area. The reports describe the properties of each
hydrologic zone, including the relationship between each unit and the Lower Willamette River.

A summary is presented below.

Surficial Fill WBZ

The saturated thickness of the surficial fill WBZ typically ranges from 1 to 5 feet at locations
adjacent to the Lower Willamette River, to between 5 and 25 feet thick at the central and
western portions of the upland property areas. At certain locations, the existence of saturated

conditions appears seasonally dependent (HAI 2007a).

As depicted on Figure 2.2.1-8, the general groundwater flow direction within the surficial fill
WBZ is to the northeast, toward the Lower Willamette River. The Gasco RI Report (HAI 2007a)
notes some localized variability with regard to the flow direction near the southern portion of
the Siltronic property where an apparent groundwater divide is present. Groundwater south of
the divide appears to flow south and southwest toward North Doane Lake while groundwater
north of the divide appears to flow north toward the Gasco property and the Lower Willamette
River (HAI 2007a).

The horizontal hydraulic gradient across the upland areas was found to range from 0.015 to
0.020. A downward vertical gradient between the surficial fill WBZ and the alluvial WBZ was
reported, ranging from 0.052 to 0.392. Hydraulic conductivity of the surficial fill WBZ was
estimated based on slug testing results. Estimated conductivities ranged from 9.7x10-
centimeter per second (cm/sec) to 9.1x10° cm/sec, with an anomalously low hydraulic

conductivity of 2.4x10¢ cm/sec measured at a well within the effluent pond area (HAI 2007a).

Alluvial WBZ
As described in the Geologic Setting section (Section 2.2.1.1), the upland alluvium is divided

into an upper fine sand and a lower medium sand. The basal gravel is present in some areas
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between the bottom of the lower medium sand and basalt bedrock. As shown on the geologic
cross-sections in Figures 2.2.1-2 through 2.2.1-6, the upper fine sand unit contains a higher
percentage of low permeability silt interbeds. There are fewer silt interbeds in the underlying
medium sand unit, but a silt aquitard is present in the medium sand, as further explained
below. The upper fine sand is shown on the geologic sections with a green solid color, and the

lower medium sand is shown with a green hatch pattern.

The cross-sections also show that the depth to bedrock increases from north to south along the
river shoreline, so the thickness of the alluvium increases correspondingly as the bedrock
deepens. As shown on Figures 2.2.1-2a through 2.2.1-2¢, the thickness of the upper fine sand

unit thickens from north to south along the shoreline.

A silt aquitard is present within the lower medium sand unit. Based on mapping of data from
site borings, the aquitard is continuous but variable in thickness across the Project Area between
elevation -100 and -120 feet City of Portland datum (CPD). (The vertical data used in various

studies and their relationships are discussed in Section 2.2.2).

Pilot extraction wells PW3-85 and PW3-118 were installed in 2007 at the locations shown on the
Figure 2.2.1-1. The pilot wells were pump tested at varying discharge rates for the purpose of
determining aquifer properties. The pump test results were used in the preparation of a
ModFlow groundwater model for the Project Area (SSPA 2008). Site-specific groundwater
elevation data from the monitoring wells were used to calibrate the model. Based on the pump
test and model results, the hydraulic conductivity of the upper fine sand unit of the alluvium is
about 0.004 cm/sec. The hydraulic conductivity of the lower medium sand unit is estimated to
be 0.07 cm/sec.

For the purpose of preparing potentiometric surface maps, the alluvial WBZ has been
subdivided into three units: the upper (typically shallower than 85 feet bgs), intermediate
(typically 85 to 125 feet bgs), and lower (typically greater than 125 feet bgs) intervals. For the
purpose of mapping groundwater elevations, hydrology data from monitoring wells generally
screened in these elevation ranges were contoured together. This convention is continued in the

following discussion,

The typical groundwater flow direction in the upper alluvial WBZ is north-northeast towards

the Lower Willamette River, with a substantial flattening of the gradient within 300 feet of the
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riverbank where a very flat, tidally influenced gradient exists. Very low gradients are common
within the zone 300 feet from the river shoreline, with an occasional reversal of flow direction
(i.e., away from the Lower Willamette River) being noted (HAI 2007a). Figure 2.2.1-9 depicts

groundwater elevations in the upper alluvial WBZ, as measured in December 2008.

Groundwater flow in the intermediate alluvial WBZ is generally northeast, towards the Lower
Willamette River, with an average hydraulic gradient measured to be 0.010 (HAI 2007a). Figure
2.2.1-10 depicts groundwater elevations in the intermediate alluvial WBZ, as measured in
December 2008.

The interpretation of flow direction with in the lower alluvial WBZ is limited by the small
number of wells screened in this zone. However, there is some evidence that this zone has a
more northerly component than the shallower alluvial zones (HAI 2007a). Figure 2.2.1-11

depicts groundwater elevations in the lower alluvial WBZ, as measured in December 2008.

Vertical gradients between the upper and intermediate alluvial WBZ in wells at the Gasco
property are reported to typically range from -0.002 to -0.02 (upward) and between 0.002 and
0.07 (downward), with the downward gradient occurrence predominating. Vertical gradients
between the upper and intermediate alluvial WBZ in wells at the Siltronic property are reported
to typically range from 0.03 to 0.12 (downward) and -0.03 (upward). A predominantly upward
vertical gradient is typical between the lower and intermediate alluvial WBZ on both the

Siltronic and Gasco properties (HAI 2007a).

Confined Columbia River Basalt Aquifer
WBZs within the CRBG zone are not monitored in the Project Area (HAI 2007a).

Relationship between Groundwater and River Elevations

Discharge to the river is mostly through the alluvial WBZ, which extends out under the river
bottom. Hydrology monitoring of upland wells and the Lower Willamette River water levels
has shown that there is a very good hydraulic connection between the upland alluvial WBZ and
the Lower Willamette River. Water levels in the nearshore upland wells screened in the
alluvium respond nearly instantaneously to fluctuations in river levels. Water levels in the
nearshore wells also fluctuate at nearly the same magnitude as the river levels. Thus, the
groundwater levels in the nearshore alluvial WBZ wells are continuously changing in response

to the diurnal tidal fluctuations in the river.
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The surficial fill WBZ is not linked to river levels in the same way as the alluvial WBZ. The only
linkage seen between the river and surficial fill WBZ is in those wells immediately adjacent to
the river, in cases where the well is screened in nearshore fill. Although seasonal groundwater
discharge from the surficial fill to the river is expected, there appears to be a degree of isolation
between the fill and the Lower Willamette River. The silt layer likely impedes groundwater
flow into the river; however, the tidal response seen in the alluvial fill indicates that it does not

act as a complete barrier to flow (HAI 2007a).

Groundwater Discharge to the Project Area

Two areas of iron (ferric hydroxide) staining have been observed along the riverbank, which
might indicate the presence of either high elevation groundwater seeps or surface discharge.
Iron staining is present across a 25-foot length of rock located above high tide level on rock
material overlying fine-grained beach material immediately south of the main Fuel and Marine
Marketing (FAMM)/Koppers, Inc. (KI) dock walkway. Iron staining is also present beneath the
WR-107 stormwater and industrial wastewater outfall (shown on Figure 2.1.1-1), along the path
of outfall discharge to the Lower Willamette River, which appears to be solely due to this outfall
discharge. Groundwater seepage discharge has not been observed in either location during
quarterly riverbank inspections, suggesting that discharge is seasonal or was historical (HAI

2007a), but is no longer frequent enough to be considered an active pathway.

At or below water surface, offshore seepage studies were conducted in the Project Area as part
of the LWG Round 2 sampling for the Portland Harbor Superfund Site RI and for the Offshore
Investigation Report (Anchor 2008b). Offshore investigations conducted by Anchor QEA used
multiple lines of evidence to measure the amount of groundwater that discharges from the
upland portion of the Project Area through river sediment and to the river. The offshore
investigations conducted by Anchor QEA deployed ultrasonic seepage meters installed at the
mudline to directly measure seepage rates through the transition zone into the river. These
seepage data were combined with seepage data from previous LWG studies. Data from the two
studies were combined to estimate a range of total seepage rates from 225 to 253 gallons per
minute (GPM) in the Project Area (Anchor 2009b). These seepage rates are consistent with the
average groundwater discharge rate determined in capture zone studies conducted using the
upland ModFlow model. The Offshore Investigation Report (Anchor 2008b) notes that
considerable variation in seepage rates was observed across the Project Area, ranging from
strongly positive to net negative fluxes to the Lower Willamette River over the periods of meter

deployment. In addition, there was no consistent correlation between seepage rate fluctuations
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over time at each station and river level or rainfall, although there were some marginal
correlations noted for brief periods at a subset of the meter stations. However, the seepage rate

generally decreased with distance from the shoreline (Anchor 2009b).

Groundwater/Surface Water Transition Zone

The mixing zone underlying a surface waterbody where hydraulic conditions change from a
groundwater-dominated system to a surface water-dominated system is referred to as the
groundwater/surface water transition zone. Water in this area is termed “transition zone
water” or TZW.

The definition of the groundwater/surface water transition zone used for this project will be
consistent with that used for the Portland Harbor Site, as presented in the Portland Harbor

Programmatic Work Plan (Integral et al. 2004), which states:

“The groundwater/surface water transition zone (Transition Zone) is the interval
where both groundwater and surface water comprise some percentage of the
water occupying pore space in the sediments. The physical and biochemical
properties of water within the Transition Zone reflect the effects of mixing
between groundwater and surface water that occurs within the sediments. The
Transition Zone is significant to the RI/FS because it is the location where
important chemical and biological transformation processes occur that affect the
properties of chemicals that may be present in groundwater, and it encompasses
the sediment bioactive zone where benthic infaunal ecological receptors reside.

The zone of mixing between groundwater and surface water that defines the size
of the Transition Zone exhibits temporal and spatial variability due to changes in
gradients between the surface water and groundwater. The depth and degree of
mixing is anticipated to be relatively small in shallow river sediments that are in
contact with the shallow groundwater flow system. In these areas, relatively
high groundwater hydraulic heads within the shallow groundwater flow system
adjacent to the river dominate the river stage fluctuations. High river stages will
change the relative hydraulic gradient and thus reduce the discharge rate from
the shallow groundwater flow system through the sediments, but will not likely
result in a significant overall increase in the depth of mixing of surface water
with groundwater. Groundwater is expected to comprise a greater percentage of
the water in the shallower water bioactive zone than deeper water locations
where the deeper flow systems discharge to the river.”
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2.2.2 Hydrology

The hydraulic conditions of the Lower Willamette River were studied by the LWG during the
Portland Harbor Site RI/FS process and the information collected was presented in several
documents developed as part of the RI process. A short description of regional datum, regional
surface water hydrology, and Lower Willamette River hydrodynamics is presented below as
described in the Portland Harbor Programmatic Work Plan (Integral et al. 2004) and the
Comprehensive Round 2 Report (Integral et al. 2007). For more detailed information, please see

the original reference documents.

Regional Datum

River stage is recorded relative to a specific elevation or datum. Several vertical datum are used
in the Lower Willamette River area and, thus in the data presented in this Work Plan.
Consistent with the Portland Harbor remediation project, the bathymetric data referenced
herein are presented relative to the North American Vertical Datum of 1988 (NAVDS8).
Groundwater levels, as well as other geologic and hydrogeologic data (geologic cross-sections,
etc.), which were taken from other source reports, are presented relative to the CPD, consistent

with the presentation in the original report.

Other common datum include the National Geodetic Vertical Datum of 1929 through the Pacific
Northwest Supplemental Adjustment of 1947 (NGVD29/47) (also referred to as the Sea Level
Datum of 1929 or MSL), the Columbia River Datum (CRD), and the Portland River Datum
(PRD). The relationship between these datum is depicted on Figure 2.2.2-1, and explained in
detail in the Portland Harbor Programmatic Work Plan (Integral et al. 2004). In summary, the PRD
is used for river stage data reported at the Morrison Bridge Gauge (RM 12.8). The USACE
defines PRD as 1.55 feet above NGVD29/47 and CRD (as defined at the Morrison Bridge) as 1.85
feet above NGVD29/47 (USACE 1991; David Evans and Associates, Inc. [DEA] 2001 as
referenced in Integral et al. 2004). The NAVDSS is a benchmark specific correction to
NGVD29/47; in the Lower Willamette River, NAVDS8S8 is 3.15 feet below NGVD29/47. The CPD
datum is 1.37 feet below NAVD.

Regional Surface Water Hydrology
The hydraulic conditions of the Willamette and Columbia Rivers influence river stage in the
Project Area. In its natural state, highest water on the Columbia River typically occurs during

spring snowmelt in late May or early June, followed by receding water levels with lowest water
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typically occurring during October and early November. Due to the size of its drainage basin,

the Columbia River stage is not affected by localized precipitation events (Integral et al. 2004).

The Lower Willamette River is a major tributary to the Columbia River. The Lower Willamette
River stage follows the same seasonal pattern, with highest flows typically seen between
September and early November. Unlike the Columbia, the Lower Willamette River is affected
by localized precipitation events (Integral et al. 2004). These trends are depicted on Figures
2.2.2-2 through 2.2.2-4 (Integral et al. 2007), which show plots of daily river stage data, daily
mean discharge data, and average annual discharge from October 1, 1972 through June 30, 2006.

The most apparent influence of the Columbia River on Lower Willamette River stage is during
spring, when high water in the Columbia River acts as a hydraulic dam to the Lower Willamette
River, resulting in rises in river stage. This effect diminishes with the reduction in Columbia

River level in the summer (Integral et al. 2004).

These two rivers are, in turn, affected by the operation of a series of federal and non-federal
dams along their length. The dams reduce spring high water flows through the retention and
storage of water in reservoir pools at each dam. The stored water is released during the
summer and fall, increasing river levels above their naturally occurring low water stage.
During winter snow and rain events, the reservoir capacity is used to dampen hydrographic

peaks and valleys by storing water and releasing it at the end of the storm (Integral et al. 2004).

Tidal action also has a strong effect on hydraulic conditions in the Project Area, most strongly
when the river is at a low stage. There are two high tides and two low tides daily. Tidal action
can influence water levels by up to 3 feet in the Portland Harbor. The combination of large tide

flood tides and low river stage commonly results in a reversal of river flow.

Lower Willamette River Hydrodynamics

Both collection of empirical information (flow measurements) and hydrodynamic/sediment
transport modeling are being used for the Portland Harbor Site RI to support the understanding
of the river hydrodynamics in the Lower Willamette River. Flows were measured during three
time-series bathymetric surveys using an Acoustic Doppler Current Profiler (ADCP). The
ADCP data provided a snapshot of current observations across a range of flow and tidal
conditions. The data were used to develop and calibrate a preliminary hydrodynamic model
for the Portland Harbor Site RI/FS (Integral et al. 2007). The empirical data and preliminary
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modeling show that river velocities near the Project Area are higher in the deeper, channel areas
and decrease towards the shoreline. Empirical data and preliminary modeling show higher
river currents during most high flow conditions (under both mid-ebb and mid-flood tides), and
reverse flow during low flow/mid-flood tide conditions. The preliminary model is currently

under revision for the Portland Harbor Site FS.

2.2.3 Lower Willamette River Characteristics

The characteristics of the Lower Willamette River were studied by the LWG during the Portland
Harbor Site RI/FS process, and the information collected is presented in several documents
developed as part of the RI process. A short description of bathymetry, sediment texture, and
sediment transport characteristics of the Lower Willamette River is presented below, derived
from the Portland Harbor Programmatic Work Plan (Integral et al. 2004) and the Comprehensive
Round 2 Report (Integral et al. 2007). The original documents contain greater detail.

2.2.3.1 Bathymetry

The LWG has conducted four major mulitbeam bathymetric surveys of Lower Willamette River
riverbed elevations, including the Project Area, in support of the Portland Harbor Site RI/FS
process. Surveys were conducted in January 2002, July to September 2002, May 2003, and
February 2004. In 2009, the National Oceanic and Atmospheric Administration (NOAA)
conducted a multibeam survey of the Lower Willamette River. The 2009 data were used to
develop the bathymetry map shown on Figure 2.2.3-1. As shown on this figure, the riverbank
in the Project Area drops sharply from the uplands to channel depth, where the riverbed
deepens to elevation of -45 to -55 feet NAVDSS.

2.2.3.2 Sediment Physical Characteristics

The Comprehensive Round 2 Report (Integral et al. 2007) discusses the sediment texture, sediment
stability, and suspended sediment data collected across the Lower Willamette River. The
following subsections summarize information presented in this report that pertains to the

Project Area.

Sediment Texture
The LWG collected texture data (grain size, specific gravity, and total solids) from sediment
samples collected in the Lower Willamette River as part of the RI. Additional sediment texture

data were available from non-LWG sources. The LWG used the combined data sets to develop
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the sediment texture and sediment total organic carbon (TOC) maps shown on Figures 2.2.3-2
and 2.2.3-3, respectively. As shown on these maps, much of the nearshore portions of the
Project Area contain 60 to 80 percent or higher fines, while areas in the navigational channel are
dominated by sands. Finer grained material is generally associated with low-energy areas (such
as nearshore areas) and coarser grained material in high-energy or dredged areas. This pattern
is consistent with the hydrodynamic patterns discussed above. Higher TOC is often associated
with finer grained sediments at many sites. However, at the Project Area, the MGP wastes in
the sediment add to the TOC content and obscure any such relationship, if it exists. A map of

subsurface sediment texture is shown on Figure 2.2.3-4.

Sediment Stability

Sediment erosion rates and critical erosion stress values for Lower Willamette River sediments
were measured directly as part of the Portland Harbor Site RI hydrodynamic data collection,
and the results were summarized in the Comprehensive Round 2 Report (Integral et al. 2007). A
Sedflume system was used to subject the sediment cores to various flows to produce shear
stresses ranging from 0.1 to 10 Newtons per square meter (N/m?) on the sediment surface.
Erosion rates were measured under these conditions, and the data were used to calculate critical
erosion velocity shear stress values (defined as the shear stress causing erosion at 104 cm/s)
from 0 to 25 cm below the mudline at 5-cm depth intervals (Integral et al. 2007). One Sedflume

core was taken along the Gasco/Siltronic shoreline at approximately the property boundary.

This information, along with the fine-grained nature of the sediments noted above, suggests
that the shoreline sediments are in a relatively stable or net depositional environment under
typical flow conditions. This is also consistent with observations during the Tar Body Removal
action post-construction monitoring (Anchor 2007d, Anchor 2008d, Anchor QEA 2009b), which
indicated a several cm layer of fines that was deposited on top of the sand caps placed over a
portion of the Project Area and was present two years later. Portland Harbor Site FS modeling
will help determine to what extent extreme flow conditions might cause erosional events at or

near the Project Area.

However, per Integral et al. (2007) this portion of the river “...narrows to an average cross-
sectional area of approximately 57,000 square feet (Map 4.5-2) [shown on Figure 2.2.3-5 of this
Work Plan]. This stretch of river is a relatively high-energy sediment transport zone.
Suspended sediments are likely transported through this reach, but the degree of bedload

sediment deposition and transport is likely a function of temporally varying hydrology.” It

Revised Final Work Plan March 2010
Gasco Sediments Cleanup Action 24 000029-02



Summary of Existing Information

appears that many of these LWG observations apply more readily to the river channel and,
given the observations about fine sediment deposition and stability, temporal variability of the
hydrology appears to be a key factor for sediment stability. Thus, under some future flow

conditions some apparently stable nearshore fine sediments may erode.

In addition, local prop wash scour in front of and near the main dock at the Project Area would
be expected due to barge and ship docking. Fuel barges (more frequently) and large ocean-
going ships (less frequently) dock here. However, the degree and extent of prop wash scour

near the dock has not been formally measured or estimated.

Suspended Sediment

Table 4.4-1 of the Comprehensive Round 2 Report (Integral et al. 2007) presents total suspended
solids (TSS) and TOC data collected from Lower Willamette River surface water samples in
support of the hydraulic modeling. During April 2006, six vertically and horizontally
integrated surface water samples were collected at east, west, and mid-channel points along a
transect at RM 6.3. Three samples were collected during mid-flood tide and three during mid-
ebb tide. The TSS results ranged from 7 to 9 milligrams per liter (mg/L). TOC results ranged
from 1.8 to 2.1 mg/L. The Portland Harbor Site RI will also present an additional round of
surface water sampling, and this information will be included in future summaries when

available.

The Comprehensive Round 2 Report (Integral et al. 2007) also presents in situ suspended particle
size measurements collected from a sampling station located on the east side of the Lower
Willamette River at RM 6.3. The maximum grain size range was measured at 4.1 micrometers
(um), 40.66 um, and 274.53 um for the d10, d50, and d90 percentile grain size distributions,

respectively.

2.2.4  Shoreline Conditions and Structures

This section discusses shoreline conditions and structures for the Gasco and Siltronic properties,
by property.

2.2.4.1 Gasco Property

As described previously, the shoreline slopes steeply from the upland areas of the Gasco
property to the Lower Willamette River, with some riverbank areas armored with riprap and

other areas not armore