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1. INTRODUCTION

The Record of Decision (ROD) described a post-ROD samphing effort for the Portland
Harbor Superfund Site (Site or PHSS) to delineate and better refine the sediment
management area (SMA) footprints, refine the Conceptual Site Model (CSM), determine
baseline conditions, and support remedial design (United States Environmental
Protection Agency [EPA] 2017).

The pre-remedial desien investigation (PD1) study is intended to meet many of the ROD

objectives and to support the allocation process. Table 1 lists the data that will be collected . - -| Commented [A20}: tPa's abjectives differ from many of those |
s Sl : - : : : 5 { identified by the Pre-RD Group in this work plan. Some of Pre-RD - |

to satisfy these objectives. This PDI scope of work focuses on Site-wide studies that will | chjectives are nat ROD raquiied b cansistent with EPA' abloctives |

more thoroughly define the remedial actions to support the 30% design, including refining i and planned evaluations.

the surface delineation of the SMAs, reevaluating technology assignments throughout the

Site, evaluating the horizontal and vertical extent of the dredging and capping areas, and . - -/ Commented [A11]: Technalogy assignments can be evaluated

during design phase but not with limited datato be collected under §

refining the extent of active versus passive remedial actions at the Site. It also re-baselines L the PRl

the Site and achieves many of the baseline dataset objectives outlined in the ROD. The
Work Plan does not include SMA-specific design-level sampling, nor source control
evaluations, which could be conducted during future remedial design. The data collected
as part of this scope of work are not intended to provide final conclusions for the Site.
Additional data collection as a part of separate scopes of work will be needed to support
future remedial design efforts.

This Work Plan, prepared by Geosyntec Consultants, Inc. (Geosyntec) and AECOM
Technical Services (AECOM), is a focused and foundational step in what will likely be a
multi-phase effort to bring current the collection of data over the past 15 years. [t provides
an overview of studies that will be prepared for pre-remedial design investigation at the
PHSS located in Portland, Oregon. The Work described in this Work Plan will be
conducted by a group of industrial parties called the Pre-Remedial Design Investigation
{(Pre-RD) Group. This Work Plan was prepared in general accordance with the Superfund
Remedial Design and Remedial Action Guidance document (EPA 1985).

EPA and the Pre-RU Group recosnize that the data gathered 1n PDI 18 not the complete
data set for remedv designfimplementation and that EPA s review of the data reports or
data analvsis mav melude an assessment as to whether the data relied on is sufficient to
support the certam PDI evaluations, refinements, recalculations and updates.  HPA
reserves the right to review all submititals prepared under the Work Plan.

Draft Pre-RD Work Plan 1 22 September 2017
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1.1 Site Description

The Site extends from river mile (RM) 1.9 near the mouth of the Willamette River to RM
11.8 (Figure 1). The Willamette River is a dynamic waterbody that originates within
Oregon in the Cascade Mountain Range and flows approximately 187 miles north to its
confluence with the Columbia River. Its average flow rate is 33,000 cubic feet per second
(cfs), with high season rates of 200,000 cfs or higher (EPA 2016a).

The Site includes a water-dependent, highly industrialized area, which contains a
multitude of facilities and both private and municipal outfalls. Land use along the Lower
Willamette River in the Portland Harbor includes marine terminals, manufacturing and
other commercial and municipal operations, and public facilities, parks, and open spaces
(EPA 2016a). The Downtown Reach, which includes the urbanized area of downtown
Portland, is defined by EPA as extending from RM 11.8 to RM 16.6. EPA defines the
Upriverstresss Reach extending from RM 16.6 to RM 28 4. %For purposes of the PDI the
Work Plan is focusing on RM 11.8 to RM 20 for data collection to assess incoming
contaminant loads to the Site. Colleetively the

x

& Sy

The shorelines along most of the Portland Harbor area have been developed for industrial,
commercial, and municipal operations, the Portland Harbor area serves as a major
shipping route for containerized and bulk cargo. In addition, the Portland Harbor area has
historically received, and currently receives, discharges from industrial and municipal
sources including point- and non-point sources that discharge to the Lower Willamette
River. Common shoreline features within the harbor include constructed bulkheads, piers,
wharves, buildings extending over the water, and steeply-sloped banks armored with
riprap or other fill materials. Site background and other site characteristics are described
m detail in the Final Remedial Investigation (RI) Report (EPA 2016a).

On 1 December 2000, the Site was listed on the National Priorities List (NPL) by EPA
mainly due to concerns about contamination in the sediments and the potential risks to
human health and the environment from consuming fish. The most widespread
contaminants found at the Site include, but are not limited to, polychlorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons (PAHs), dichlorodiphenyltrichloroethane and
its derivatives (DDx), and dioxins/furans (D/F). A remedial investigation and feasibility
study (RI/FS) was itiated in 2001 by a small subset of potentially responsible parties

Draft Pre-RD Work Plan 2 22 September 2017
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(PRPs) known as the Lower Willamette Group (LWG), and completed by EPA in 20167
(EPA 2016a and 20160b7).

In June 2017, the Pre-RD Group developed and offered a pre-remedial design scope of
work focused on defining current conditions for specific media and refining delineation
of active remedial areas to EPA. Over the next two months, EPA and the Pre-RD Group
held several scoping meetings to negotiate study objectives, data collection activities, and
data interpretation; the scope was expanded to address several baseline study elements
desired by EPA. In September 2017, the EPA entered into an Administrative Settlement
and Agreement Order on Consent (ASAOC) with the Pre-RD Group to conduct the
agreed upon Work at the Site. This Work Plan supports the Statement of Work (SOW)
which is an attachment to the ASAOC, and describes the specific field investigation
activities, data analyses, schedule, and deliverables for the PDI. The Work Plan is
included as an attachment to the SOW.

1.2 Remedy of Record

The remedy selected in the ROD (EPA 2017), called Altemative F Modified (AltF Mod),
identified 394 acres of engineered remediation with a combination of remedial
technologies (Figure 2). The remedy includes 365.4 acres of capping and dredging
contaminated sediment above Remedial Action Levels (RALs) and 282 acres of
Z. Alt F Mod addresses all areas where contaminant concentrations exceed the cleanup
levels (see RO Table 173) through a combination of dredging, capping, ENR, monitored
natural recovery (MNR), and Institutional Controls (ICs). The ROD indicates that EPA
expects 215.2 acres of sediment will be dredged to varying depths and 140.1 acres will
be capped, or partially dredged and capped. Additionally, 23,305 lineal feet of riverbank
are assumed to be excavated and covered with either an augmented reactive cap or an
engineered cap using beach mix or vegetation after excavating. Under Alt F Mod,
approximately 3,017,000 cubic yards (cy) of contaminated sediment and 123,000 cy of
soil were estimated by EPA to be removed and transported to off-site disposal facilities.
About 1,774 acres are designated for MNR (EPA 2017).

The SMASs represent areas which EPA considered to have contaminant concentrations in
surface sediment where natural recovery 1s not occurring or is not likely to be effective

in reducing concentrations of contaminants of concern (COCs) within a reasonable time
frame (EPA 2017). Additionally, EPA used the presence of Principal Threat Waste

Draft Pre-RD Work Plan 3 22 September 2017
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(PTW) as defined in its FS (EPA 2017), and used in-situ treatment areas for PTW to
delineate SMAs.

The ROD states that the in-river construction duration for Alt F Mod will be
approximately 13 years at a pre-engineering estimated cost of $1.7 billion (non-
discounted). The remedy will likely change somewhat during the remedial design and be
adapted during the multi-year construction process. Changes to the remedy will be
documented using a technical memorandum in the Admmistrative Record, an
Explanation of Significant Differences (ESD), or ROD amendment (EPA 2017).

The remedial actions identified in the ROD address nine narrative remedial action
objectives (RAOs) that EPA developed for the Site for environmental media of interest
and exposure pathways, including exposure routes and receptors. The ROD defined
numeric, concentration-based cleanup levels to achieve these RAOs for each exposure
route (and tissue targets for seafood consumption RAQOs). The cleanup levels considered
conservative risk assessments, applicable or relevant and appropriate requirements
(ARARs-based), and background concentrations (background-based). Achieving the
RAOs relies on the remedy’s ability to meet cleanup levels or tissue targets. Fish tissue
targets will be used to update fish advisories, assess whether the remedy will achieve
RAOs, make adjustments to best management practices (BMPs); their uses will be further
defined in the monitoring plans. ROE Table 173 presents the COCs for the Site and
respective cleanup levels by media-as-presented-n-the RO, Site-specific cleanup levels
were developed for each RAO for the following media: sediment (including beaches) and
riverbank soil, surface water, and groundwater (EPA 2017).

1.3 Pre-Remedial Design Data Use Objectives _ .- - Commented [A14]: tra's objectives ditfer from many of those |
"""""""""""" i identified by the Pre-RD Grobp in thiswork plani Some of Pre-RD i

e - . . . abjectives are not RO reqis or. i With EPA’s

The Pre-RD Group proposes to conduct a comprehensive 2018 synoptic sampling { and planned evaluations,

program of surface sediment, select sediment cores, fish tissue, surface water, background
porewater, and bathymetry/fish tracking studies. These mvestigation activities are
focused on achieving the following goals:

1. Implement mvestigation baseline sampling to update existing site-wide data;
2. Gather data to be used as part of a long-term trend analysis;

3. Define more clearly the remedial actions that will be performed at the Site,
including further delineation of SMAs, reevaluation of technolosy

Draft Pre-RD Work Plan 4 22 September 2017
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extent of the dredging and capping areas and the scope and extent of active g;" :;gfeﬁ‘gn Phoee bt e with Inieed deta ko be ealleed ey
remedial actions at the Site;
4. Collect data to facilitate completion of the third-party allocation amongst
PRPs;
5. Collect additional data regarding upstream conditions and contaminant
loading into the Site; and
6. [Update the baseline human health risk and refine understanding of the food
web model (FWM) using new 2018 data L Commented [A16]: Achieving this goalis not the intent of the
ToTmTmoom o mm e m e e { PDI. Concentrations that were estimated using the FWM should
Table 1 lists the data that will be collected to achieve these goals. The Pre-RD 2017/2018 i_not be recalculated.
data will be used to determine current SWACs, human health risks, and background
concentrations associated with both upriver and Site conditions. This sampling program . - -{ Commented [A17]: Not relevant for this phase of sampling.

provides a technically sound and robust balance of: (i) near-term initiation of field work;
(i1) prioritizing field data collection of studies that provide informative updates to the Site
baseline; and (ii1) supporting the Participation and Common Interest (PCI) Allocation
Team’s need to reduce remedy uncertainty.

This Work is further supported by the ROD and the goal of considering new data. As
stated in Section 2.7.3 of the ROD Responsiveness Summary (EPA 2017), “EPA agrees
with the importance of considering new data during decision making and that decisions
should have built in flexibility to accommodate an updated understanding of site
conditions. However, it is important to have a representative data set that establishes
‘baseline conditions’ prior to initiating a response action.” And “EPA expects remedial
footprints to be refined based on data collected during remedial design.” Also, “Pre-
design sampling will be used to ensure that the natural recovery is factored into the
design and implementation of the sediment vemedy and post construction monitoring will

s

be used to evaluate natural recovery following remedy implementation.’
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2. SITE BACKGROUND
This section provides a summary of Site physical conditions, risks above protective

levels, COCs, and Site investigations completed after the data cut-off for completion of
the RI/FS.

2.1 Phyvsical Conditions

The lower Reach of the Willamette River extending from RM 0 to approximately RM
26.5 1s a shallow segment that is tidally influenced with river flow reversals occurring
during low-flow periods as far upstream as RM 15. The portion of the river where the
federal navigation channel is maintained at -40 feet Columbia River Datum (CRD)
defines Portland Harbor and extends upstream from the Columbia River (RM 0) to the
Broadway Bridge (RM 11.7) (EPA 2017). The Willamette River channel, from the
Broadway Bridge (RM 11.6) to the mouth (RM 0), varies in width from 600 to 1,900 feet.

The high tide can influence Willamette River levels by up to 3 feet in Portland Harbor
when the river is at a low stage. Tidal fluctuations during low river stage can result in
short-term flow reversals (i.e., upstream flow) in late summer to early fall. Low water
typically occurs during the regional dry season from August to November. The winter
(November to March) river stage is relatively high, but variable, due to short-term
changes in precipitation levels in the Willamette basin. Finally, a distinct and persistent
period of relative high water occurs from late May through June when the Willamette
River flow into the Columbia River are slowed during the spring freshet by the high-
water stage in the Columbia River (EPA 2016a).

Factors controlling river flow dynamics, sediment deposition and erosion, and riverbed
character appear to be the river cross-sectional area, thalweg location, and navigation
channel width. The upstream boundary of the Site to Willamette Falls is narrower, more
confined by bedrock outcrops, and faster flowing than the Portland Harbor Reach. The
river widens as it enters the Site and becomes increasingly depositional, most notably in
the western portion of the river, until RM 7. From approximately RM 5 to RM 7, the river
and navigation channel narrow; this Reach is dominated by higher energy environments
with little deposition. From RM 5 to approximately RM 2, the river widens again and
becomes depositional, particularly in the eastern portion.

Draft Pre-RD Work Plan 6 22 September 2017
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Long-term net sedimentation rates based on time-series bathymetric surveys show
patterns of general shoaling in wider reaches. Wide areas of deposition occur in the
channel and along channel margins in the broader sections of the river (RM 1.5 to 3
[eastern margin], RM 4 to 5, and RM 7 to 10). These areas are known to be long-term
sediment accumulation areas based on historical dredging records. Shoaling is the
dominant change observed, with 26% of the riverbed surveyed showing net accretion
(January 2002 to January 2009) exceeding 1 foot (30 centimeters), whereas net erosion
exceeding 1 foot is noted in only 5% of the riverbed overall.

Downstream of the Site, the river narrows as it turns and converges with the Columbia
River. The Multnomah Channel exits at RM 3, reducing direct discharge to the Columbia
River. From 1973 through 2007, average annual mean flow in the Willamette River was
approximately 33,800 cfs at the Momison Bridge (near RM 12.8)
(http://waterdata.usgs. gov/or/mwis/sw) (EPA 2016a).

2.2 Summary of Site Contaminants and Risks

The baseline human health risk assessment (BHHRA, Kennedy/Jenks 2013a) and the
baseline ecological risk assessment (BERA, Windward 2013) concluded that
contamination within the Site poses potential unacceptable risks to human health and the
environment from numerous contaminants of potential concern (COPCs) in surface
water, groundwater, sediment, and fish tissue. The RI/FS reduced the list of COPCs to
COCs, as presented in Table 17 of the ROD.

As stated in Section 10.1 of the ROD, “The COCs used to define the SMA boundaries
encompassed most of the spatial extent of contaminants posing the majority of the risks
as identified in the baseline risk assessments. However, since it is difficult to design a
range of alternatives for multiple COCs that have different distributions in various media
throughout the Site, the FS alternatives were developed using COCs that were the most
widespread and posed the greatest risk, called focused COCs.” “These focused COCs,
were developed by evaluating colocation of all COCs, their toxicity, and significance in
the risk assessments, as well as other factors outlined in the RI.”

The focused COCs are:
e PCBs;
e DDx;

Draft Pre-RD Work Plan

-

22 September 2017

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00014


http://waterdata.usgs.gov/or/nwis/sw

Confidential — For Purposes of Negotiations Only Geosyntec 4
consultants

¢ total PAHSs; and

¢ Dioxins/Furans.

The remedial footprint of the focused COCs encompasses the majority of the COCs at
the Site (EPA 2017). To establish 2017/2018 baseline conditions at the Site, this Work
will develop a representative data set by including the full list of sedunentimedia-specific
COCs presented in ROD Table 173 for surface sediment, surface water, and fish tissue
for the initial round of sampling. The data will also be evaluated for purpose of
potentially reducing the list of COCs for future monitoring events.

The environmental media contaminated by Site-related contaminants include surface
sediment (0 to 30 centimeters depth below mudline [bml]), subsurface sediment (>30
bml), suspended sediment, surface water, groundwater, biota, and riverbanks. The surface
sediment sample interval (0 to 30 centimeters) is the point of compliance for the RAOs
and cleanup levels, as it represents the biologically active zone (BAZ) and the active
mixing zone depth, which is the portion of the sediment column that has the potential to
be disturbed or transported under typical conditions (EPA 2017).

Several locations within the Site have relatively high surface sediment concentrations of
more than one contaminant. Overall, the patterns of contaminant distribution are as
follows:

e Nearshore areas have greater sediment contaminant concentrations than
sediments offshore and in the navigation channel;

e Subsurface sediments have greater organic contaminant concentrations than
surface sediments;

e Some contaminants, such as DDx and PAHs, have higher concentrations and
are more commonly found in the downstream portion of the Site;

e Sediment grain size and concentrations of certain metals are correlated; and

e Multiple contaminants are co-occurring, that is they are co-located with
other COCs with respect to horizontal and vertical distribution in the
river/sediments (EPA 2016a).
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2.3 Summary of Data Collected Since the RI/FS

From 2008 to 2016, eight environmental studies relevant to this Work Plan have been
conducted since the RI/FS data were collected. Environmental media included surface
sediment grabs, subsurface sediment cores, and smallmouth bass (SMB) fish tissue
samples for various COCs. Several studies focused on mainly PCBs. The eight studies

are summarized in Appendlx A and include the fOHOWiTlgI L Commented [A18]: Several of the data collectionefforts listed §
) oo mmmm e mm e { below were indep investigations not canducted |
. . . i under EPA- approved watlk plans. Inclusion of the findifigsiand
e Downtown Portland Sediment Characterization Phase { and II (GSI Water { conclusions drawn from these studies, as stated in the work plan
Solutions, Inc. [GSI] and Hart Crowser, Inc. [Hart Crowser] 2010); | =nd appenti A, hadid ner b constiied o acement o

{ acceptance by EPA!

e Smallmouth Bass Tissue Sampling (GSI2011),

e Smallmouth Bass Tissue Study (Kennedy/Jenks 2013b),

e Sediment Profile Imaging (Germano and Associates [Germano] 2014),
e Final Supplemental RI/FS Study, River Mile 11 East (GSI 2014),

e Sediment Sampling Data Report (Kleinfelder 2015),

¢ Concentrations and Character of PAH in Sediments in Area of River Miles 5
to 6, (NewFields 2016), and

e Sediment Sampling Data Report, Swan Island Lagoon (Geosyntec 2016).

Conclusions provided in recentReeent surface scdlmcnt sampling studies conducted by
responsible party groupsresults : indicate that newly deposited
sediments are covering and/or mixing Wlth the older surface sediments and that natural
recovery is occurring in many areas of the Site (Geosyntec 2016; Germano 2014,
Henderson 2015). The Oregon Department of Environmental Quality (ODEQ)
Downtown Reach investigation found that COCs were much lower than those found in
the Site and ODEQ believes the Downtown Reach is not a significant ongoing upstream
source (ODEQ 2011).

Iy

Analysis of SMB tissue sampling results conducted by responsible parties found that the
mean 2012 tissue concentrations were lower than the mean concentrations of the
combined 2002 and 2007 SMB data that were used in the RI/FS and statistical
comparisons of the two data sets on a Study Area-wide scale. Total PCB congener
concentrations in whole body SMB tissue show a statistically significant decrease from
the 2002 and 2007 data (Kennedy/Jenks 2013b, Legacy Site Services [LSS] 2015). The
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2012 SMB data support that natural recovery is occurring on a system-wide scale. Avong
these studies, data-that have been-properly validated wall- be wmcorporated mito-the project
database-Data obtamed from immdependent mvestications will be approved bv EPA prior
1o incorporating these data mto the project database.
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3. SCOPE OF WORK TASKS

Fach task and field study included in the Work is briefly summarized below and in Table
3. Project goals for each component of the Work are provided in Table 4. Many of the
field data will serve multiple data use objectives (DUOs), as shown in Table 5. Table 6
lists the Work studies including media, sample counts, and analyses. Figures 4, 5, and 6
show the approximate sampling locations for sediment, tissue, and surface water,
respectively. The surface sediment sample plan shown in Figure 4 reflects an earlier draft
of the sampling plan'. The final sample design for surface sediment will be depicted in
the Sampling and Analysis Plan (SAP) for sediment sampling and follow the approach
described in Appendix B.

3.1 Task 1: Quality Assurance Project Plans (QAPP, SAP, DOMP)

Details regarding these sampling efforts will be further refined in quality assurance
project plans (QAPPs) to be prepared following this work plan. These documents will
mclade a QAPP, SAP, and Data Quality Monitoring Plan (DQMP), and will be prepared
m accordance with EPA standards and previously-approved RI documents for the Site. A
health and safety plan (HASP) will also be prepared. These PDI project plans will be
focused and targeted plans, or addendums; they will appropriately reference the RI plans
as source documents and then describe and document any changes relevant to the PDI
scope of work.

The QAPP will address all sample collection activities as well as sample analysis and
data handling regarding the Work. The QAPP will be developed in accordance with £FPA4
Requirements for Quality Assurance Project Plans, QA/R-5, EPA/240/B-01/003 (March
2001, reissued May 20006), Guidance for Quality Assurance Project Plans., QA/G-5,
EPA/240/R 02/009 (December 2002), and Uniform Federal Policy for Quality Assurance
Project Plans, Parts 1 3, EPA/505/B-04/900A though 900C (March 2005).

! The earlier plan (as shown in Figure 4) indicated 345 unbiased surface sediment samples. The revised
plan will consist of 428 unbiased samples, placed randomly according to the procedures detailed in
Appendix B. The final arrangement of the 428 unbiased sediment samples and additional 212 surface
sediment samples for SMA delineation will be provided in the SAP.
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A FSP, incorporated as a subsection of the QAPP, will provide objectives and minimum
sampling requirements. The FSP will include guidelines for sediment, surface water,
porewater, and SMB tissue sampling.

The DQMP will include analytical laboratory Quality Assurance Plans and internal data
validation procedures, along with standard quality assurance/quality control (QA/QC)
procedures. All chemical analysis will be performed by a National Environmental
Laboratory Accreditation Program (NELAP) accredited lab. Analytical laboratories will
conduct QA/QC as detailed by their respective laboratory quality control procedures and
manuals. Standard method and operating procedures, calibration, internal QC, and
preventative maintenance are examples of QA/QC processes to improve accuracy and
precision. All laboratory QC analysis results will be reported with the final data report.
Failure of any QC samples to meet QC criteria will be noted and the data which
corresponds to these samples will be adequately qualified in the final report. Records of
QA/QC will be maintained for review as needed. Field QA/QC procedure will include
the collection of field duplicate samples which will be analyzed for the same set of
physical and chemical analyses, along with equipment blank and field blank samples as
appropriate. It will be the responsibility of the analytical laboratories to provide accurate
results in electronic and hard copy formats, along with Level Il Data Validation packages
consistent with laboratory Quality Assurance Plans. Data provided by the laboratory will
undergo data validation by a third party. Data validation is analyte- and sample-specific,
and extends the evaluation of data beyond method, procedural, or contractual compliance
to determine the analytical quality of a data set. Data will be validated and qualified as
outlined in project specific QAPPs.

The HASP will describe all activities to be performed to protect onsite personnel and area
residents from physical, chemical, and all other hazards posed by the Work. The HSP will
be developed in accordance with EPA’s Emergency Responder Health and Safety and
Occupational Safety and Health Administration (OSHA) requirements under 29 C.F.R.
§§ 1910 and 1926.

A few notable details relevant to these Project Plans include:

e Surface sediment will be collected from the 0- to 30-centimeter interval,
which is the point of compliance throughout the Site and incorporates the
BAZ and the active mixing zone depth;
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e Chemical analyses for surface sediment, surface water, and fish tissue will
include the full list of COCs for each media [excluding PAHs in tissue] as
presented in Table 6;

e Chemical analyses for subsurface sediment will include the focused COCs
(PCBs, PAHs, D/F, and DDx) which have corresponding RALS, and the
additional contaminanis on ROD Table 21 which have PTW thresholds

s A DUO for surface sediment and tissue is to establish baseline Site-wide,
rolling river mitle {one-side), -and SDU segment-wide-95% upper confidence
limit on the mean (95UCL) concentrations of theer SWACs for the media-

spectiicfosused COCs;

e The sampling program of synoptically-collected surface sediment, SMB
tissue, and surface water data collected from the Site 1s a substantial baseline
study effort (further described in Section 3),

e Sediment and SMB tissue data collected from the Upriver Area will be
evenly distributed between the Downtown Reach and the Upstream Reach;
and sampling locations will target areas of the sedunent bed likelv to
miluence downsiream contamuinani concentrationstine-pramed sediment; the
PDI objective is to evaluate background concentrations of COCs coming

into the Site. and establish upstream sediment bed concentrations and SMB - - Commented [A19]: Lyalustion of background concentrations is
tissue concentrations in the Downtown and Upriver Reaches for comparison : bevond the scope of this phase of work. Primary purpose for data

= - = H it . we vcollection in Downtown and Upriver Reaches is for comparison to
to site concentrations usig an equivalency analysis; i site concentrations using an equivalercy analysis.

® The home range of SMB will be evaluated over a year-long study in
collaboration with the United States Army Corps of Engineers (USACE),

e The Site-wide bathymetry survey is intended to refresh and update the
surface bed elevations to current conditions and fill-in no coverage areas
(especially nearshore) to support the 30% design; and

e Background concentrations of naturally-occurring metals in porewater will
be evaluated for arsenic and manganese; sampling locations will be
developed in collaboration with EPA.
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3.2 Task 2: Sampling and Analvsis

The DUOs, sampling design, and analytical methods for the PDI are discussed below.
The PDI includes the following tasks involving several multi-media sampling and
analytical testing activities:

e Site-wide bathymetry survey,

e Surface sediment sampling;

e Fish tissue sampling;

e Surface water sampling;

e Sediment coring;

e Fish tracking study;

e Camera SUrvey,

e Downtown/Upstream Reaches (Upriver) background study, .~ Commented [A20]: tvaluation of d ations is |
‘ o TT o m e i beyand the scope of this phase of work: Primary purpose for data
® Background porewater study; and a.cllection i Dgwntnv«{n and Uprfver Reaches isfor comparison to
isite SUsing aneq SHEY i
e Reporting

3.21 Bathymetry Survey

A bank-to-bank bathymetry survey throughout the Site will document cumrent bed
elevations relative to the remedial technology assignment requirements (per the ROD
decision tree) and to assess changes in elevation/sedimentation over the past 15 years and
to evaluate mudline elevations. Multibeam sonar will be used to collect high-resolution
data with up to 100% coverage of the riverbed. The Site-wide multibeam bathymetry
survey will be supplemented with lead-line measurements along the shoreline banks and
difficult-to-access areas for better coverage than provided by multi-beam alone.

This survey will produce an up-to-date bathymetric data set with a high level of detail
and accuracy. The multibeam bathymetric data will be used to create a digital terrain
model of the riverbed morphology from which hill-shade images will be generated.
Results may also serve as a line of evidence relevant for the evaluation of riverbed slope
conditions, natural recovery, and bed stability (e.g., erosional versus depositional areas).
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The most recent bathymetry survey was performed in 2002. The new bathymetry data
will also be used to help identify target areas for surface sediment sampling, refine the
elevation clearances for dredging and capping, and adjust the estimated dredge volumes
(to reduce uncertainty for allocation associated with the extent of the active remedial
footprint and remedial technologies assigned to them). The anticipated schedule for the
bathymetry survey is the end of 2017 (December 2017).

3.2.2 Surface Sediment Sampling

Many of the surface sediment data for the Site are over 10 years old. éThe goals of new
surface sediment data collection are to: re-baseline the river bed to establish current
conditions and SWACs, refine the active remedial SMA footprints, and evaluate natural
recovery changes since 2004. Because Portland Harbor is part of a dynamic river system,
current concentrations for all COCs are expected to be different than the data set used in
the RI. The synoptic surface sediment sampling, fish tissue, and surface water samples
(discussed below) data will provide an empirical and-statisticaiby-valid-dataset for re-
baselining the river-and-evaluating theiCSM.

Nine-River Segments

To be consistent with and sopport the decision framework in the ROD. data should be
evaluated on a Sitewide, rolling B M 1-side, and SDU basis foratoial of up fo 21 seomenis
(10 river mule seements with east and west side, plus Swan [sland Lagoon).Brevious
amals S8 {U&r »l(r ’7(\1 S U'r 11‘"‘)!'\1 "1«- v i‘ E »l\ ~>i ni ’7!\1 "\ {u : i3 XT3 +

1
STy T T

and eh«,ﬂm atly- mﬂqu&’---&ﬁd can-be- pmpuiy stratified m&n i}%--m&i sments-including

the-Bwan-istand bageen;-gach-about 2-to-3-miles-long-The Pre-RI>-Group-will divide the
e theJlensth-of

nto—five - secments spappin the Site for evaluabion-—of gnr
S-S PARRHRE - v F—auat 3OS 1F

{fapo
HAOh b

1
Hio—it St

fhenav 1gdt10n @h&m}d HHO-DWE- BT eRE S e.m;h east
rents-A-pinth-sepment 46 between RM -8 and RM-9

be-furtherdiaded down-the «;eﬁ-i@
and-west; thereby - forming eight segn

Lﬁg%fi-}:"
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A kev use of the new data (along with the fish tracking results and determination of SMB
homie ranges) will be to confirm the representativeness of thesc segment delineations,
then estimate SWACS Site-wide and other spatial scales. |

GeoStatistics

Several stratified/random/equal allocation methods of statistical analysis were used to
estimate the appropriate sample size within the Site needed to satisfy the DUOs described
above. A summary of the geostatistical analysis, approach, and findings is summarized
m Appendix B. As detailed in Appendix B, the sample count was determined by
considering the number of surface sediment samples needed in each segment to maintain
or improve upon the level of variability in the SWACs generated using the 2004 data,
and, in most areas and assessment segments, enable the design to statistically detect
differences (a = 0.05) between 2004 SWACs and current SWAC estimates with an
approximate 80% level of statistical power. Based on this analysis, an estimated 640
discrete surface sediment samples are needed to yield a statistically-robust new data set

for calculating SWACs, with 428 unbiased locations within the Site and 212 additional . -

samples specifically located for accurate SMA delineation. This new dataset will replace
older RI/FS data for the purposes of refining the SMA footprints and technology
selections described in the ROD.

Sampling Methods

Surface grab samples will be collected with a hydraulic power grab sampler from 640
locations (Figure 4). The surface sediment sample locations presented in Figure 4 reflects
an earlier draft of the sampling plan, are shown in this document for example purposes
only, and do not reflect final placement and numbers of the final design. The final sample
design for surface sediment sampling will be depicted in the SAP and follow the approach
detailed in Appendix B. The final samplinz effort will include approximiately 108 stations
co-located with previously analyzed stations in the RIS, The hydraulic power grab

sampler will collect sediment from the upper 0 to 30 centimeters of sediment at three E

sampling points at each sample location (without adjusting vessel location), and
homogenized into a three-point composite sample for chemical analysis of the full list of
sediment COCs, total organic carbon (TOC), and grain size. The three-point composite
sample will be collected within a relatively small footprint around the anchored sampling
vessel. For example, grab #1 will be deployed, accepted, and processed on the deck of
the vessel. The sampling vessel’s overhead winch may pivot 5 to 10 feet from the original
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othersampling approaches aslong as all locations are trufy
unhiased:
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sample location, and the process will be repeated until there is an equal volume of
sediment from the three grabs. The volume will be homogenized until uniform in color
and texture, then processed (described in QAPP/FSP).

For consistency purposes, surface sediment grab samples will be collected using the RI
data collection protocols. The anticipated schedule for the surface sediment sampling is
the first quarter of 2018.

3.2.3 Fish Tissue Sampling
The primary objectives of the fish tissue sampling study include collecting the data

needed to:

e Characterize current levels of selested-fish tissue COCs in resident fish

tissue (SMB) on a Site-wide basis and smaller spatial scale (pending results
of the fish tracking study}),

e Characlerize upriver background concenlrations in resident lish tissue

SMBY = Commented [A27]: The primary purpose of fish tissue sampling §
3 - b 3
)  is ta abtain baseline data for comparison to future data to evaluate |
e Update statistically-based evaluations of PCB differences and changes in | roees ol leving the target Hsue levels specified In ROD
ranie

fish tissue; and

e Evaluate the bioaccumulation model used to relate sediment and tissue
concentrations (mput new SWACs_ fish tissue. and surface water

concenirations info themodety . - commented [A2B]: Revision of the FWM is not an objective of |
i the POL

The study includes collection of synoptic SMB data fo re-baseline resident fish tissue
concentrations in the river, evaluate MINR changes. refine the understandmg of the FWM,

and update human health fish consumption risks: The scope includes collection of 95 .- { Commented [A291: Thesc evaluations are not the intent ot the |
: : e : o L PDIL NINR effect will be evaluated as part of long-term
whole body discrete (non-composited) samples from the Site, plus 20 from the Downtown AN G ) A A e A

' Reach and 20 from the Upriverstressss Reach (D/U Reach). While 95 SMB samples within i should niot be recalculated.
the Site and 40 SMB samples from the D/U Reach will be targeted, the number collected i
' will be to the extent sufficient numbers ofr fish are present. The overall sample design is
consistent with the approved 2012 SMB sample design.? The sample design targets 20 to

2 The design is also consistent with the 2011 SMB study performed by EPA, the State of Oregon, and the
City of Portland (GSI 2011). The analytical laboratory contracted by EPA incorrectly prepared 75% of the

Draft Pre-RD Work Plan 17 22 September 2017

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00024



Confidential — For Purposes of Negotiations Only Geosyntec 4
consultants

30 samples in each of the 4 segments (described previously), including 5 samples in Swan
Island Lagoon (Figure 5). A statistical analysis of the 2012 SMB data indicates that
replicating the 2012 program sample size will allow detections of statistically significant
(p<0.05) concentration differences for PCBs in SMB. A summary of the statistical power
analysis performed for fish tissue sample size is provided in Appendix C. Within the D/U
Reach, the 40 samples will be collected from locations throughout the Reach. Consistent
with the 2012 sampling, SMB that are 225 to 355 millimeters in total length
(approximately 9 to 14 inches) will be targeted.

All fish tissue samples will be analyzed for lipids and the COCs presented in Table 6
(with the exception of PAHSs). Samples will be analyzed as individual whole-body
specimens, and fillet concentrations will be estimated using the SMB whole body to fillet
ratios presented in the final Feasibility Study (EPA 2016b), as supported by analysis of
the Round 3B SMB tissue data (see Appendix D). Collection methods will include hook
and line with electroshock back-up if needed. The anticipated schedule for the fish tissue
sampling 1s late summer of 2018, consistent with previous tissue sampling events.

3.2.4 Surface Water Sampling

The objective of surface water sampling is to re-baseline river conditions with synoptic
data (sediment, fish tissue, surface water), evaluate surface water current conditions and
changes, and provide 2017/2018 data to update current risks. Surface water will be
collected from seven transect locations over three sampling rounds. Figure 6 presents the
locations of the transects, located at approximately:

e RM 1.8 at the downstream boundary (within the Site, Segment 4);

e Downstream boundary in Multnomah Channel; entrance to channel is near

RM 3;
e RM4;
e RM7,
e RMS8.8;

samples as skin-off fillets, discarding the remainder of the carcass instead of processing the whole fish.
Thus, tissue chemistry results from the 2011 sampling effort are limited.
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e RM 11.8, just upstream of Site, near Upstream boundary; and

e RM 16.2, further upstream, near the Downtown Reach/Upstream boundary.

These locations will effectively characterize the four segments of the Site RM 1.9to 5
(Segment 4), RM 5 to 7.5 (Segment 3), RM 7.5 to 9 (Segment 2); and RM 9 to 11.8
(Segment 1).

The purpose of sampling is to characterize the flow and quality of surface water passing
through the river’s cross section at each location. These locations were targeted to
provide spatial coverage and analyze physical changes in the river dynamics.

One composited sample will be collected per transect (similar to the RI/FS data use
approach). The sample will be vertically-composited and horizontally-composited along
the transect. Composite samples will be collected by sampling equal volumes from three
locations (east shore, navigation channel, and west shore) and at three depths per location
— upper (three feet below water surface), near bottom (three feet above sediment surface)
and middle (equal distance between upper and bottom). The objective of the composite
sample design is equal volume across the cross-sectional area of the segment. The target
volume will be collected from nine discrete subsample locations across the transect.
However, if the nearshore areas have shallow water depths (i.e., less than 10 feet), fewer
subsamples may be collected. Volumes will be adjusted such that equal volume of surface
water 1s collected from the east shore, navigation channel, and west shore.

Surface water sampling will be conducted over three events targeting different months
and flow conditions to capture seasonal variability of surface water conditions. For PDI
mvestigations, sampling will target three seasonal events: (1) August, during summer low
flow conditions; (i1) January/February, during winter high flow conditions; and (1)
November/December, targeted for storm flood-influenced conditions and consistency
with previous sampling events. For the PDI effort, the time of year for sampling will be
the primary factor (coverage throughout the vear) and the water level/river flow will be a
secondary consideration factor for selecting when to sample.

During the RI, two sets of sampling events occurred: one during Round 2A and one during
Round 3A (EPA 2016a). Fach set of sampling events targeted a low-flow, high-flow, and
stormwater-influenced condition. Low-flow events occurred throughout the year in
November 2004, March 2005, July 2005, and September 2006. For all low-flow events,
the average flow was less than 19,400 cfs. High flow events occurred in January 2006
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and January 2007, during which average flow was greater than 59,800 cfs. One
stormwater influenced event occurred in November 2006, during which average flow was
23,000 cfs.

Flood conditions will be checked relative to the United States Geological Survey (USGS)
Real Time National Weather Information System (NWIS) Database for the Morrison
Bridge station 14211720. Consistent with the RI, high river flow events will be
characterized as >50,000 to 100,000 ¢fs and low flow events will be characterized as
within or less than historic average flows (15,400-24,700 cfs from 1998 to 2003). Surface
water average monthly discharge, velocity, height, and rainfall are shown in Figure 7 for
2010 through the most recent data available in 2016.

Surface water data will be collected using a high-volume pumping system connected to a
XAD-2 resin filter and column (hydrophobic polyaromatic resin) to collect hydrophobic
organic compounds for analysis by ultra-low detection limit analytical methods
(consistent with RI/FS approaches and methods). Surface water will be pumped through
a Teflon lined polypropylene tubing, 140-micrometer (um) stainless-steel pre-filter, 0.5-
um glass fiber filter cartridges, and XAD-2 resin beads packed inside stainless-steel
canisters. A target volume of 300 liters (L) of water will be pumped through the system
from three discrete vertically composited locations per transect for a single composite
sample per transect as described above. XAD sampling is expected to result in method
detection limits (MDLs) for DDx, Chlordanes, PCBs, and PAH that are at or below
ARARs, and MDLs for Aldrin and D/F that are equivalent to those achieved in the RI.

Surface water samples will also be collected using a peristaltic pump for the analysis of
semi-volatile organic compounds (SVOCs), metals, and non-chemical parameters (e.g.
total suspended solids [TSS]). Surface water samples collected via peristaltic pump will
be collected in accordance with RI procedures. In brief, surface water will be drawn
through pre-cleaned acid washed Teflon tubing, following purging of at least 5 times the
required sample volume. Surface water from each vertically-integrated location will be
combined in a laboratory provided container. Once all locations on a single transect have
been sampled, surface water will be homogenized, filtered as needed and allocated to
individual laboratory sample containers for analysis. Peristaltic pump samples are
expected to reach MDLs at or below ARARs for all metals with the exception to arsenic.
Select organics measured via peristaltic pump are expected to achieve MDLs similar to
those in the RI; however, some remain above ARARs. SVOCs will not be analyzed via
XAD sampling due to analytical interferences and to remain consistent with RI methods.
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However, lower MDLs than those listed in Table 6 may be achievable in coordination
with the selected lab.

Each sample will be analyzed for suspended solids in the water column (TSS), particle
size distribution, and chemical testing for the COCs presented in Table 6. XAD analytes
(PCB congeners, DDx, PAHs,* and D/F) will be reported as dissolved and particulate
phase results. Filtered peristaltic pump samples will be analyzed for dissolved metals and
dissolved organic carbon; unfiltered samples will be analyzed for total metals, select
organics (see Table 6), tributyltin, and conventionals. Field parameters will include
temperature, pH, dissolved oxygen, oxidation-reduction potential (ORP), flow rate
velocity, and conductivity. Field parameters will be measured real-time in situ at each
location using a YSI Multiprobe Water Quality Meter or equivalent. Water quality meters
will be calibrated per manufacturer’s specifications each day prior to sampling.

The anticipated schedule for the surface water sampling is winter 2017 through summer
2018. A total of 15 water samples (7 total, 7 dissolved, and 1 quality assurance/quality
control [QA/QC]) will be analyzed per event, for a total of 45 samples.

3.2.5 Subsurface Sediment Sampling

Subsurface sediment (core) sampling will be conducted in targeted areas within or along
the boundaries of SMAs that have limited data coverage to refine the active footprint
boundaries of the Alt F Mod SMA footprints. The goal of this study is to refine the
horizontal and vertical extent of contamination at concentrations greater than the RALs
at depth for the purpose of supporting the 30% design, to confirm the CSM, and to refine
the dredge volumes for 30% design cost estimation.

A total of 90 core locations are planned based on visual distribution of subsurface
contamination, using 250- to 300-foot distance as a general guide to the next nearest
coring location. In some cases, stations will be reoccupied to determine the vertical extent
of contamination where previous cores did not “tag bottom™, and in other cases, a new
core will be collected in an active footprint area where none previously existed.

3 Surface water PAH samples may be collected by peristaltic pump method pending additional review of
previous data.
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Core locations, rationale, target depths, and analytes are provided in Table 7a. Table 7b
presents the rationale for the core placement location and target depth. Target depths were
based on the vertical extent of contamination observed in surrounding cores, anticipated
depth of native material, or an additional 2- to 4-foot sample depth if previous cores did
not reach the bottom of contamination (“tag bottom™). Cores will be advanced using a
vibracore, impact core, diver push core, or similar device from a floating platform with
an experienced subcontractor and field collection team. The QAPP/FSP will provide
more details.

Cores will be visually logged using American Society of Testing Materials (ASTM) and

RI procedures (e.g., correcting for compaction), then subsampled into 2-foot increments . - -

unless stratigraphy mdlcates othermse Planned cormg locatlom (Figure 4) may be
adjusted after the $ AEE sonrevised-based-98-2018 surface sediment
sampling results are reviewed. Subsurtace sedunent samples will be analyzed for focused -
COCs, TOC, and grain size as outlined in Table 7a. Deeper intervals will be archived
frozen pending the chemical results (> RALSs) of selected intervals.

Geotechnical characterization of subsurface sediment will include index testing (e.g.,
moisture content, grain size, and TOC) and relevant field parameters (field torvane test
as a measure of shear strength).

3.2.6 Fish Acoustic Tracking Study

An acoustic fish tracking study is planned to capture fine-scale temporal and spatial
movement of SMB at the Site, pending pilot study results. A pilot study conducted in
Jane 2017 involved deployment of an array of acoustic receivers from two vendors in two
different types of environments within the river system (quiescent and active). Willamette
Cove was selected as the more quiescent location, and RM 11.5 East as the more active
location (Figures 8 and 9). The acoustic receivers were mounted on the bottom of the
river and deployed for one week (13 through 19 June 2017). The pilot test included mobile
and stationary testing of acoustic tags to evaluate the range of reception and position
accuracy of both vendor’s systems.

Preliminary analysis of pilot study results supports the technical feasibility of a Site-wide
study that will provide data on SMB movement in the Lower Willamette River. A
properly designed array of acoustic receivers can provide fine-scale and presence/absence
data that can be used to understand SMB movement in the Study Area. The full-scale
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study will be conducted over a one-year period to capture seasonal home range patterns.
Using a more refined acoustic telemetry approach than the historical (2000-2003)
radiotracking study (Freisen 2005), the results will re-evaluate where and to what extent
SMB stay within the 1-mile exposure areas assumed in the risk assessments and FWM.

The results will be used to: (1) inform the fish tissue sampling plan scheduled for late
summer 2018; (i1} refine the SWAC sepments used to evaluate changes in surface
sediment concentrations: (iii) refine understanding of the FWM and reduce uncertainty

aboul remedy effectivencss for lish lissue recovery; and (iv) help inform a future ICs .-

plan. The anticipated schedule for the full-scale fish tracking study is fourth quarter 2017
through 2018. The work will be performed in collaboration with Dr. Karl Gustavson,
EPA Office of Superfund Remediation and Technology Innovation (formerly USACE)
and experienced staff from USACE Engineer Research and Development Center
(ERDC).

3.2.7 Camera Survey of Anglers
A camera survey of anglers is planned to collect data on the location and frequency of

people fishing along the river. The results will provide an empirical line of evidence on
frequency and duration of angler trips over a year-long period that can be used to support

the development of [Cs (e.g., targeted locations and seasons for messaging). During the -

fish tracking pilot study, wildlife cameras were field-tested to assess their suitability and
effectiveness for monitoring activity at the river. Four ZenNutt High Definition wildlife
cameras were installed to provide coverage of the two offshore areas where fish tracking
equipment was deployed (two cameras per location) (Figures 8 and 9). The motion-
activated cameras were deployed for the one-week duration of the pilot study, and
captured images with clear definition, color, and contrast. The results of the camera pilot
study indicate that this type of field camera would be suitable for a larger program in the
Study Area.

The camera survey program will consist of photographic documentation of human
activity using a network of cameras in the Site. The scope includes installation of 12
stationary cameras at select locations that are known or suspected to be used by anglers
or are popular points of access to the river based on prior studies and angler knowledge.
Cameras will be pre-set to take photos at 30-minute intervals during daylight hours. This
time interval is anticipated to be less than the average amount of time it would take for
an angling activity to begin and end within the field of view.
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The survey will be conducted over a one-year period to account for seasonal variation in
use. Photographs will be uploaded monthly to digital photographic software for visual
review and tag ing with descriptors (e.g., date, localion tirne number of individuals)
Gthei personal wiormation (e.g.. lieense plates, boater registration) will be redacted to
protect privacy. Camera data will be processed and provided to EPA with all Personal
Identification Information (PIl) removed.

The anticipated schedule for the camera survey is fourth quarter 2017 through 2018.
3.2.8 Downtown/Upriverstream Reach Hpriver: Study

The Downtown Reach is immediately south (upstream) of the Site between RM 11.8 and
RM 16.6 (as defined bv EPA) Aceordin0 to EPA, it 1s bounded between the Site (RM

heart of the downtown Portland urban eenterL It has histo‘ri“cal‘l‘y‘ had a higher ieyel of -

contamination than the Upriversireassr Reach and is in immediate proximity to the Site
(EPA 2017)' remedial actions have been completed in this area during the last decade.
sediment concentrations in the RI. This area extends from the upstream end of Ross Island
Lagoon to approximately 2.5 miles above the Willamette Falls, which was considered
generally representative of upstream sediment loading to Portland Harbor. Early (2006)
memoranda describe the background Reach from RM 15.5 (upper end of Ross Island) to
RM 26 (Willamette Falls), although this was revised to RM 15.3 to RM 28 .4 in the Draft
RI (in 2009). The upstream extension was to capture the EPA West Linn and Blue Heron
Sediment Investigation data from 2007, located upstream of Willamette Falls. The lower
boundary changed from RM 155 to RM 15.3 due to additional samples collected
downstream of RM 15.5.

This component of the Work focuses on the Downtown Reach (RM 11.§to RM 16.6)and
Upriverstream Reach (BM 16, f: w RM 2843 to characterr,ae 1ncorn1ng contarninant

- hroure lOa presents the drstribution of fine—
grained sediment based on historie samples. Sampling of this area includes surface water,
surface sediment, sediment traps, and fish tissue sampling in the D/U Reach (Figure 10b),
and samples will be collected assuming sufficient fined-grained sediment and fish
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availability. Half of the targeted surface sediment samples will be collected from the
Downtown Reach and the other half will be collected within the Upstream Reach. Data
collected during the Work will be used to: (1) better characterize the concentration of
COCs immediately upstream of the Site; (i1) better characterize the concentrations of
COCs entering the Site in surface water and suspended sediments to assess potential
recontamination post-remedy ; {iii} refine backeround concentrations of COCs in surface
sedinients reflective of an urban background. and (iv) reset achievable remedy targets/

actions. - -iCommented [A36): Primary purpose for upstream sediment i
'''''''''''''''''''''''''''''''''''''''' samplingis to collect samples aver time to develop "equivalency’= §

. i detefmining incoming load or sediment quality that wolild dictate :

Surface Sediment i what'cleanup With natural recovery could achieve. Multipie i
i sampling rounds of the Dawntown Reach and Upriver Reach willbe
requiredto svaluate equivalency inorder to assess background i

An additional 60 surface sediment samples will be collected from the D/U Reach, with | encatirations and achisvAble remady targats

locations targeting fine grain sediments to characterize the mobile sediments likely to be
deposited throughout the Site. While a total of 60 surface sediment samples from the D/U
Reach will be targeted, the number collected will be to the extent reasonably or
technically practicable, based on sufficient fine-grained sediment presence. A desktop
study and reconnaissance survey will be conducted in the D/U Reach to identify areas
with fine grain sediments prior to sampling. The desktop study will research previous
sediment study available grain size data and bathymetry data to select target areas. A
reconnaissance survey will be performed to further identify target areas and ground truth
results from the desktop study. Figure 10 shows 30 random. locations i the Downtown
Reach and 30 locations in the Upstream Reach (locations to be confinmed pending gram
size evaluation) with about 25% of the dataset as re-occupied stations (n = 5andn = 5

tfrom Downtown and Upstream, respectively ). Surface sediment samples will be collected . - - Commented [A37]: Sampie lacations in the Downtown Reach
PP T T T T IS ST e e S = T e Upriver Reach shauld be unbissed and not i
as described in Section 2.3.2 and analyzed for the full list of COCs. All validated and .

acceptable data will be considered in data evaluation (i.e., the topic of potential outliers
associated with system errors will be handled by the Peer Review Panel if not resolved
by the project team) to fully characterize potential upstream sources. Grain size and
organic carbon content will be considered when comparing samples from the Downtown
and Upstream Reaches to Site concentrations.

Fish Tissue

An additional 40 SMB samples will be collected from the D/U Reach. Fish tissue samples
will be collected as described in Section 2.3.3 and will include whole-body analysis of
the COCs presented in Table 6 (with the exception of PAHs). Fish tissue sample locations
are presented on Figure 10b.

Draft Pre-RD Work Plan 25 22 September 2017

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00032



Sierra Club v. EPA 18cv3472 NDCA

Confidential — For Purposes of Negotiations Only

Geosyntec”

consultants
Surface Water

As noted in Section 2.3.4, two upstream transects for surface water sampling will be
incladed — one in the Downtown Reach at RM 11.8 and one in the Upstream Reach at
RM 16.2. Surface water samples will be collected as described in Section 2.3.4 and
analyzed for the surface water COCs presented in Table 6. Analysis of total and dissolved
analytes via XAD and filtered/unfiltered peristaltic pump samples will match Site surface
water sampling as described Section 3.2.4.

Sediment Traps

Sediment traps will be deployed to provide a line of evidence on incoming sediment load
to the Site that targets fine-grained, more mobile suspended sediment, and higher-TOC
material that is more likely to move downstream and be deposited at the Site. Consistent
with methods in the RI, sediment traps will consist of four glass tubes approximately 10
centimeters in diameter and 55 centimeters long.* Tubes will be placed inside protective
polyvinyl chloride (PVC) sleeves, which will be attached together and secured to a rebar
post driven into the sediment floor by divers. The diver will affix the sediment trap
assembly to the rebar so that the open tops of the cylinders are 3 feet above the mudline
elevation. Two sediment traps will be deployed along each transect (total of four traps).
Settling particulate material will be collected in the glass tubes of the sediment trap. For
recovery, a diver will cover the tops of each glass tube with foil, detach the trap assembly
from the rebar, and the trap will be raised to the surface with the vessel’s winch. The glass
tubes will be removed from the assembly, kept upright, and allowed to resettle, if needed.
The thickness of accumulated sediment will be measured at multiple points around each
tube to account for sloping of sediment within the tube. Overlaying water will then be
siphoned or pumped off, sediments collected in a stainless-steel mixing container,
homogenized until uniform color and consistency is achieved, and placed in the
appropriate laboratory provided sample jars. Sediments will be analyzed for the full list
of sediment COCs, TOC, and grain size (Table 6). Sediment traps will be sampled in
coordination with the surface water sampling program (three events over one year,
coordinated with the surface water sampling program).

4 Note: the top of the trap is oriented parallel to mudline and perpendicular to the direction of flow; need to
check with EPA, as their approach as described in the 6 June 2017 scoping plan may be different.
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3.2.9 Background Porewater Sampling

Background metals concentrations in porewater were not defined during the RI, and the
focus of a background porewater characterization would be naturally-occurring metals.
Background metals porewater concentrations should be developed and cleanup levels
adjusted accordingly. Metals, especially arsenic and manganese, are present in relatively
high concentrations in volcanic rocks, which are the primary source of Willamette River
sediment. Porewater concentrations above ROD cleanup levels may occur in the
transitional zone water (TZW) near the mudline, as a result of the geochemistry which
favors dissolution of these metals from the mineral components of the sediment.

This component of the Work is intended to place dialysis equilibrium passive porewater
samplers (referred to as peepers) in the sediment bed in areas that are representative of
background metals in porewater (during periods of low redox, target July/August).
Peepers include a glass or polyethylene vial covered with a 0.45-um polyethersulfone
(PES) membrane (see photograph in Figure 11). The interior of a peeper vial consists of
rows of chambers that are filled with distilled deionized water prior to deployment.
During deployment, the deionized water approaches diffusive equilibrium with the

porewater, over a 2- to 4-week period, the peepers are then retrieved. - | Commented [A39]: It s recommended that the passive
oo ommmmmmm e ip s be far achi 't af equilibrivm
. . - . . by placement of chemical tracers in sach probe=otherwise
Porewater peepers will be deployed in triplicate (for three-point composite samples) at © equifibriumis assumed rather than demonstrated:

eight locations in upstream areas, or other relevant areas from within the Site. Ideally,
these stations would be co-located with surface sediment stations. Locations for
porewater sampling will be selected to be representative of redox conditions and variation
m source. In general, these areas will include thicker sediment zones, areas downgradient
of wetlands or buried lakes, and will consider Columbia and Willamette River
provenance. Sample locations will be pre-screened to ensure sediment concentrations are
similar to background and redox potential is low. Two potential locations have been
identified — adjacent to Port of Portland Terminal 5 at approximately RM 1.8 and adjacent
to Miller Creek at the mouth of the Multnomah Channel.

Porewater peeper samples will be deployed from a vessel using a push pole deployment
device, and will be deployed with a marker and weighted retrieval line. Porewater
samples will be retrieved following two to four weeks of deployment, and porewater will
be analyzed for freely-dissolved arsenic and manganese. Porewater results from passive
samplers could be compared to laboratory-derived porewater samples from the upstream
bulk sediment surface grab locations. A total of 8 samples (3 subsamples will be
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composited into 1 sample per location) will be collected from a one-time event during
low flow conditions.

3.3 Task 3: Data Evaluation

Data collected as part of the Work will be summarized and analyzed to meet several
DUOs (see Table 5). Table 8 outlines the data evaluation and interpretation plan.
Following completion of field work and chemical analyses, data analyses will be
completed and a PDI Evaluation Report will be submitted to EPA. The PDI Evaluation
Report will include the following ekmcntb

e Summary of the investigations performed,

e Summary of investigation results and identification of existing conditions;
e Summary of validated data (i.e., tables and graphics),

e Data validation reports (Tier [1) and laboratory data reports;

e Photographs documenting the work;

e Angler survey information processed to eliminate all PII;

o FHvaluation of current sediment/biota conditions along with background
loading to refine active remedy and monitored natural attenuation (MNA)

e Use of bathymetry data to refine the elevation requirements of the active
remedy footprint, especially in the intermediate and shallow areas;

e Refinement of the CSM and understanding of current conditions;

s Refinement of sediment recovery curves based on empirical data changes

e Re-calculation of Site-wide and sepment-wide surface sediment SWACs
using new data; may also consider other spatial scales;

» Evaluation of fish tracking results to refine the extent and seementing of the
river (for calculation of SWACs) and assess fish home ranges used in the
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e Update the surface sediment, fish tissue, and surface water data based on the
validated 2017/2018 information obtained during this investigation;

e Assessment of new bathymetry for bed stability and fish/sediment data for
monitored natural recovery potential,

s [Evaluation of current (2017/2018) upstream backeround concentrations,| .-

o Update the active remedial footprint by running the new data through the
ROD decision tree for assigning remedial technologies,

e FHvaluation of the new ROD COC data for purpose of reducing the listof COCs
for future monitoring rounds;

e Use of new data to refine our understanding of the FWM and reduce
uncertainty about remedy effectiveness for fish tissue recovery and update

calculations of baseline fish consumption isks,and .

e Support and advance PCI allocation.

Technology assignments will be identified based on sampling data in all areas of the river,
as indicated by the decision tree described in the ROD (2017 ROD Figure 28, Appendix

D. éThe decision tree provides detail regarding how design data will influence design and . -

construction and future maintenance dredging. The decision tree allows caps to be used
m dredge areas if RALs are not achieved or if PTW remains. This is based on area-
specific analysis (EPA 2017). The ROD decision tree describes four compliance regions
(ROD Figure 28):

e Navigation Channel and Future Maintenance Dredge area;

e Intermediate Region (outside the navigation channel to -2 feet CRD),

e Shallow Region (-2 feet CRD to shore), and

e Riverbank Region (top of bank down to the river).

The riverbank areas are currently being evaluated under ODEQ-led investigations.

One important component of re-baselining the Site is to evaluate the extent of natural
recovery processes as measured by changes in concentrations since the RI. As stated in
the ROD (responsiveness summary), “EPA concurs that natural recovery is occurring
within Portland Harbor and that it should be utilized in sediment remedies, as evidenced
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by the fact that MNR represents the response action assigned to between 64 and 90
percent of the total area of the Site for all alternatives carried through the detailed
analysis in the June 2016 feasibility study. However, the rate of natural recovery is
expected to vary by location. Pre-design sampling will be used to ensure that the natural
recovery is factored into the design...”.

The Work sampling program will be statistically robust to support calculation of Site-
wide SWACs and assess spatial patterns without reliance on older data. Figure 12
presents a summary of the PDI field sampling tasks.

3.4 Task 4: Data Compilation

The purpose of this task is to identify, review, compile, and summarize Site and upstream
data collected since the RI/FS that are relevant to the Work. This task includes
compilation of data collected after 2008, including data collected as part of the Work.

These data will be incorporated mto the project database. A summary of investigations . - - Commented [AS0T: Only [PA spproved data will be

~ : : e ted intoth ject datab; i
from 2008 to 2017 are included as Appendix A. L eilable il e

EPA and the Pre-RD Group recognize that the data sathered in PDI 18 not the complete
data set for remedy design/implementation and that FPAs review of the data reports or
data analvsis mav melude an assessment as to whether the data relied on is sufficient to
support the cerlam PDI evaluations, refinements, recaleulations and updates.  EPA
reserves the right to review all submititals prepared under the Work Plan.

The data collected since the RI/FS that has been approved by EPA will be compiled and

e Site data — sediment, porewater, fish (SMB) tissue, and bank soil data
collected from 2008 to 2015;

e Downtown/Upstream data — sediment and tissue data collected from 2008 to
2015; and

e PDI data - sediment, fish tissue, surface water, and porewater data collected
as part of this study.

Available data will be acquired from LWG, ODEQ’s Environmental Information
Management (EIM) database, and participating parties. Site data (i.e., sediment, tissue,
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surface water, and porewater data) will undergo a data quality review to determine if they
meet data quality objectives (DQOs) consistent with those developed for the RI/FS using
Superfund guidance. 1f 50, the data will be summarized, compiled in the project database,
and determined acceptable for all uses. If data do not meet DOOs, they will be

summarized, compiled in the Site database, and flagged for conditional use. For example, . - - Commented [A51]: Only EPA approved data will be
""""" Pincorporated into the project database:

data from the EIM database did not meet DQOs because QC backup was not available.

Data (including surface and subsurface sediment and porewater data) collected at
locations that were subsequently dredged or remediated will also be excluded from the
compilation as these no longer represent current conditions.

3.5 Task 5: Reporting

Reporting and deliverable are discussed in Section 5.
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4. WORK MANAGEMENT STRATEGY
The following information generally describes the duties, responsibilities of personnel

and firms involved in the Work; project organization; reporting relationships; lines of
communication; and management authorities.

4.1 Roles and Responsibilities

4.1.1 EPA

EPA is the lead agency overseeing the Work. EPA has the authority to review and approve
this PDI work plan, supporting FSP and QAPP documents, and reporting deliverables.
EPA will be assisted in the review of technical documents by oversight contractor CDM
Smith, Inc. (CDM Smith). In addition, Karl Gustavson, from EPA headquarters and EPA
Office of Superfund Remediation and Technology Innovation and Contaminated
Sediments Technical Advisory Group, will continue to provide regulatory and technical
support throughout the project. A peer review process will be followed per the ASAOC.

4.1.2 Participating Parties

Those participating in the PDI studies being performed by Pre-RD Group and its
contractors will be determined at a later date. Once the participating parties are
determined, they collectively will be responsible for implementing the studies.

4.1.3 Selected Contractor
Geosyntec 1s coordinating activities including management of all subcontractors, field
sampling, analysis, and reporting scoping tasks in preparation of this Work Plan. The

contractor to lead the field sampling will be determined at a later date.

The Project Manager will be responsible for overall project coordination and providing
oversight on planning and coordination, work plans, all project deliverables, and
performance of the administrative tasks needed to ensure timely and successful
completion of the project. Geosyntec will also be responsible for coordinating with Pre-
RD Group and EPA on schedule, deliverables, and other admmistrative details.

The Field Coordinator (FC) will be responsible for managing field activities and general
field QA/QC oversight. The selected FC will ensure that appropriate protocols for sample
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collection, preservation, and holding times are observed and oversee delivery of
environmental samples to the designated laboratory for chemical analyses. Deviations
from this QAPP/FSP will be reported to the Project Manager for consultation. Significant
deviations from the QAPP/FSP will be further reported to representatives of the Pre-RD
Group and EPA.

The lead subcontractor will oversee data management to ensure that analytical data are
icorporated into the PDI database with appropriate qualifiers following acceptance of
the data validation. QA/QC of the database entries will ensure accuracy for use in the PDI
study. The testing laboratories (TBD) and field contractors (TBD) all play supporting
roles.

4.1.4 Peer Review Panel

To be determined.

4.2 Communication Strategy

To be determined.
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5. SCHEDULE AND DELIVERABLES

5.1 Schedule

The goal is to complete the Work by June 2019. Figure 13 presents an example project
schedule through 2019 (to be updated). The field schedule for the Work includes time for
development of QAPP and other project plans in 2017 and completion of field
mvestigation activities by the end of 2018. The PDI scope of work is planned for
completion by June 2019 and the draft PDI Evaluation Report is targeted for delivery to
EPA by June 2019. An updated project schedule will be provided to EPA when revisions

field activity.

5.2 Deliverables

Laboratories will provide all data for field investigations in electronic format and QA/QC
reports, including a narrative of the standard QA/QC protocols. Data validation of
laboratory results will be performed by the lead contractor. Following data validation, all
data, supplementary information, and validator qualifiers will be compiled into an SQL
Server database for the project. Data summary files will be provided to EPA as they
become available after data validation and database management. Deliverables include:

e FSP, QAPP, and DOMP describing how the work will be conducted;
e HASP describing worker safety for hazards posed by the Work;
o Monthly Progress Reports;

® Pre-RD Remedial F{)Otprint RBPOIT, and e Commented [AS52]: The surface and subsurface sediment
’ ) ’ i samples collected during the FDIwill not be sufficient to define i
e PDI Evaluation Repot’t i SMA'boundaries, but canassist in developingthe SMA iGns to
’ i be further defined through additional sampling as part of remedial |
: design. |
Deliverables for the PDI Evaluation Report will include data summary tables, data
graphics such as box-and-whisker plots, maps depicting the spatial distribution of
sediment chemistry for selected analytical parameters, a comparison of Site conditions to
the active Alt F Mod remedial footprint, analysis of differences and changes, and new
SMA bQundary mapsj. 77777777777777777777777777777777777777777777 .- - commented [A53]: Sec abave comment.
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This document comprises the total work scope agreed upon by the Pre-RD Group and
EPA.
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Table 8. Data interpretation and Analysis Plan
Portland Harbor Pre-Rermedial Design Investigation Work Plan
Portland, OR

Current Conditionsand  |Generate summary tables and maps with the new 2018 data and re-baseline the river for sediment, SMB fish tissue, and surface water for focused
Sediment SWACs for and selected other COCs. Generate sediment SWACs on a site-wide and other spatial scales using Theissen Polygons for the 640-sample plan, and
baseline dataset the statistical mean for both the unbiased 428 and 640sampleplans.

Commented [Authorl]: The 108 sample Iocations that
reocclipy 2004 sample locations are biased samples.

Provide plots(s) of the tissue data over time. Provide surface water data with simple data plots of baseline and previous applicable surface water data.
Compare the new 2018 data to the 2004 dataset for sediment tissue (2002 2007 and 2012) and surface water media and empirically evaluate
Concentration Changes  {changes singe the Rl (1) The new sediment SWAL and arithmetic mean of unbiased dataset will be compared to the 2004 data at site-wide and

Over Time segment-wide scales to look for differences in the last 14 years. (2) Datasets will also be compared to the Downtown/Upriverstream Area (are the

{ Commented [Author2}: Comparison of 2018 unbiased

data to existing biased datais not statistically vatid

2004, and these two populations will be compared for changes. Note: The data permits statistical comparisons at the site-wide, segment-wide, or RM-
scales.

Confirm the active remedial footprint Lising new data collected during the PDI SMA delineation activity to evaluate these data bathymetry. and
applicable:historical data wilbbe runthrough:the ROD decision tree tosupport alfocation: Run the new 2018 surface sediment data and bathvmetry
AltF Mod Active SMA  |data through the ROD decision tree to refine the active remedy footprint. The 2018 core data will be combined with RI/ES subsurface coring data to
Footprint (1) update the conceptual site model understanding of subsutface contamination, collectively these data will also run through the ROD decision tree to
refine the active remedy footprint and dredge volume estimate. Changes in sediment elevation will be a modifying factor for volume estimates to
informthe 30% designestimates)
Report data separately to EPA by reach (Downtown / Upriverstream Reach). Evaluate current upriver conditions by SWAC and summary distribution
statistics for other media, for future long-term comparative analysis with Site. Generate tables, maps, and summary statistics for all new 2018 data
(sediment, SMB tissue, surface water, and sediment traps) as 2018 baseline conditions. These data may be compared to new site data, and
qualitatively compared to older downtown/upstream data to evaluate changes and provide a first ook at what may be achievable at the site for focused
CQOCs.
Provide porewater data to EPA, provide sufficient data to derive porewater background for metals using the passive porewater samples from the
upriver reach or other appropriate background areas (see EPA March 13, 2017 framework).

Commented [Author3]: as statedin Note 1, PDI
sediment data suitable for SMA delineation for allocation
purposes. Designi-level data will be needed to confirm
active rémédy footprint.

Downtown/Upriversie
ear Baseline

Background Porewater

Provide fish tracking data to be presented as a tabular spreadsheet deliverable that includes location, tag 1Ds, and time stamps for each of the tagged
fish. Data processing for data report limited to tabular and graphical outputs showing locationsfag 1Ds of fish movement (e.g. heat maps). Evaluate
Fish Tracking and Camera |the fish tracking results to evaluate the home range of SMB. Maps, home range estimates, and summary tables will be generated. Nofe; results may

Survey Results infonm the fish tissue sampling program: and:the appropriate scale for calculating haseline conditions with: respect 1o fish: refine understanding of the
FWNM and reduce uncertainty about remedy effectiveness for fish tissue recovery and update calculations of baseline fish consumption risks ‘Camera
data will be processed and provided with all Personal [dentification information (Pif) removed.

Commented [Authord]: The fish acoustic tracking study
results should not be tsed refine understanding of the
FWIL The most useful objectives for the fish acoustic
tracking study are to establish the home range of the
species used in long=term:biological monitoring to inform
the depree to which that species can be dssociated with
remedial outcomes,

Data Design for Long-term

Monitoring The PDI Evaluation Report will include an evaluation of the 2017/2018 data for purpose of reducing the list of COCs for future monitoring rounds.

Notes:

(1) Pre-Design Core data collection will have limitations for characterizing final SMA footprint delineation. Accordingly, any final decision on the SMA footprint will be pending full
remedial design and confirmation sampling results obtained during remedy implementation.

Abbreviations:

COCs - chemicals of concern; RI/FS - remedial investigation/feasibility study; RAO - remedial action objective; ROD - Record of Decision; SWAC - surface weighted average
concentrations; SMB - small mouth bass
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| SUMMARY OF DATA COLLECTED SINCE THE RI/FS

This appendix summarizes the eight environmental studies that were conducted after the
remedial investigation (RI) was completed in 2008. The studies were conducted between
2008 and 2016 and included collection of surface and subsurface sediments, smallmouth
bass (SMB) tissue samples, and sediment profile imaging (SPI).

Field and Data Report, Downtown Portland Sediment Characterization Phase I and
IL_GSI and Hart Crowser, Inc. 2008 and June 2010

Phase I of the Downtown Portland Sediment Characterization (DPSC) was initiated by
Oregon Department of Environmental Quality (ODEQ) in 2008 to assess the presence of
environmental contaminants within the downtown Reach (River Mile [RM] 12 to RM
16). Between May and June 2008, 81 grab samples and 36 core samples were collected
and analyzed for polychlorinated biphenyls (PCB) Aroclors, butyltins, dioxins/furans
(D/F), metals, pesticides, polycyclic aromatic hydrocarbons (PAHs), semi-volatile
organic compounds (SVOCs), and total petroleum hydrocarbons (TPHs). Surface
sediment samples were collected by power-grab (with a maximum penetration capability
of 22 centimeters) (GSI Water Solutions, Inc. [GSI] and Hart Crowser 2010).

ODEQ conducted a preliminary screening level evaluation of this data to identify areas
where additional sampling was warranted to confirm the detection of elevated
contaminants of concern (COCs), identify sources if possible, and delineate areas needing
remediation. Concentrations of COCs in sediment were compared to screening values
developed for the Portland Harbor Joint Source Control Strategy. Based on the relative
proportion of samples exceeding screening values, ODEQ identified nine Focus Areas
for additional investigation and source identification efforts (GSI and Hart Crowser
2010).

In Phase I, PCB Aroclors were detected in 69% of 100 surface and 70% of 20 subsurface
sediment samples, with concentrations ranging from <1 microgram per kilogram (ug/kg)
to 4200 pghkg and <1 pughkeg to 610 pglhkg, respectively. Total sum of
dichlorodiphenyltrichloroethane and its derivatives (DDx) was detected in 88% of 100
surface and 75% of 20 subsurface samples, with concentrations ranging from <0.047
pg/kg to 144 pg/kg and <0.13 pg/kg to 300.5 ug/kg, respectively. Total PAHs were
detected 11 99% of 100 surface and 100% of 20 subsurface samples, with concentrations
ranging from <0.28 pg/kg to 40,310 pg/kg and 72 pg/kg to 7,802 pg/kg, respectively.
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Total D/F were detected in 93% of 58 surface and 14 subsurface samples, with
concentrations ranging from <4.14 nanograms per kilogram (ng/kg) to 15,400 ng/kg and
<2.88 ng/kg to 4,594 ng/kg, respectively (GSI and Hart Crowser 2010).

Phase II of the DPSC was conducted in 2010 to better understand the nature and extent
of potential COCs within nine Focus Areas and the TriMet Supplemental Sampling Area.
ODEQ identified the following Focus Areas: RM 12.1E, 12.4W, 12.5E, 12.9W, 13.1E,
13.3E, 13.5E, 14.1W, and 15.1E. Along with analysis of archived Phase I samples in
these Focus Areas, an additional 27 grab samples and 9 core samples were collected
between February and March 2010. Surface grabs were collected via Van Veen sampler,
pneumatic power-grab sampler, diver-assisted grab samples, and, due to low water levels,
dry-land sampling methods for one location. The average grab sample recovery depth
was 11 centimeters below mudline (bml). Core samples were collected by vibracore with
an average recovery depth of 4.8 feet bml. Surface grab samples and cores were analyzed
for a focused set of target parameters (with a few exceptions). The “Partial Analyte
Group” included PCB Aroclors, total organic carbon (TOC) and total solids, TriMet
samples included grain size, metals, PAHs, pesticides, and TPHs (GSI and Hart Crowser
2010).

In Phase I, PCB Aroclors were detected in 79% of 38 surface and 89% of 9 subsurface
sediment samples, with concentrations ranging from <1.3 pg/kg to 520 ng/kg and <1.3
ug/ke to 147 ng/kg, respectively. Total DDx was detected in 98% of 40 surface and 100%
of 10 subsurface samples, with concentrations ranging from <0.05 pg/kg to 73 ng/kg and
<0.14 pg/kg to 73 pg/kg, respectively. Total PAHs were detected in 100% of 29 surface
and 10 subsurface samples, with concentrations ranging from 4.0 pg/kg to 32,030 pg/kg
and 76 pg/kg to 5,680 pg/kg, respectively. Total D/F were detected in 100% of 16 surface
and 4 subsurface samples each, with concentrations ranging from 7.7 ng/kg to 7,021
ng/kg and 112 ng/kg to 2,351 ng/kg, respectively (GSI and Hart Crowser 2010).

Upon review of the Phase I data, ODEQ identified four areas which warranted follow-
up evaluations: RM 12.1E, RM 12.5E, RM 12.9W, and RM 15.1E. These areas were
referred to ODEQ’s Site Assessment Program to evaluate potential sources and the need
for source control. As of 2011, ODEQ did not recommend additional in-river
investigation in the Downtown Reach. ODEQ expects that concentrations will decline
over time as sources are identified and addressed and natural recovery occurs. The Phase
1T investigation found that COCs were much lower than those found in the Site and ODEQ
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believes the Downtown Reach is not a significant ongoing upstream source (ODEQ
2011).

Smallmouth Bass Tissue Sampling, GSI, September 2011

In September 2011, United States Environmental Protection Agency (EPA) and the City
of Portland performed SMB sampling throughout the Study Area to support the Remedial
Investigation/Feasibility Study (RI/FS). The study design and methods are described in
the 2011 sampling and analysis plan (SAP) (GSI 2011). The SAP identified collection of
individual (non-composited) SMB fish from 136 locations between RM 1 and RM 16,
with 4 samples from RM 1 to RM 1.9, four from Multnomah Channel, 123 from the Study
Area (including 11 from Swan Island Lagoon), and five from RM 15E. Each sample was
identified for analysis of the full suite of PCB congeners, SVOCs, PAHs, and
organochlorine pesticides (GSI 2011). The analytical laboratory contracted by EPA
incorrectly prepared 75% of the samples as skin-off fillets, discarding the remainder of
the carcass instead of processing the whole fish. Thus, results from the 2011 sampling
effort are limited. Of the 32 reconstituted whole body Site samples with total PCB data,
the mean concentration was 530 pg/kg with a standard deviation of 868 pg/kg (Legacy
Site Services [1.SS] 2015).

Smallmouth Bass Tissue Study, Data Report, Kennedv/Jenks, March 2013

In late summer/early fall of 2012, the Lower Willamette Group (LWG) conducted fish
tissue sampling and analysis under the oversight of EPA. The primary purpose of the
sampling was to provide an additional line of evidence to support the monitored natural
recovery (MNR) Site-wide evaluation presented in the draft FS (Kennedy/Jenks 2013a).
A total of 83 discrete SMB samples were collected in the Study Area and 9 SMB samples
were collected from RM 15 to RM 18. With one exception, 4 to 12 samples were collected
per RM and in Swan Island Lagoon (n = 8); one sample was collected in RM 2. All fish
were caught using conventional rods and reels, with the assistance of contract anglers
from the Oregon Bass & Panfish Club and The Bass Federation of Oregon. All 92 samples
were analyzed as whole-body individuals for lipids and PCB congeners.

In the Study Area. the concentrations of total PCBs in whole body SMB ranged from
0.092 milligrams per kilogram (mg/kg) to 6.47 mg/kg. The mean concentration of total
PCBs in whole body SMB was 0.65 mg/kg, with a standard deviation of 1.19 mg/kg.
Upriver, the concentrations of total PCBs in whole body SMB ranged from 0.051 mg/kg
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to 0.63 mg/kg. The mean concentration of total PCBs in whole body SMB was 0.23
mg/kg, with a standard deviation of 0.19 mg/kg. This data was not included in the F'S.

In summary, the mean 2012 PCB SMB tissue concentrations were lower than the mean
concentrations of the combined 2002 and 2007 SMB data that were used in the RI/FS and
risk assessments on an RM and Study Area basis, except for RM 10 (Kennedy/Jenks

2013a). jBased on statistical comparisons of the two data sets on a Study Area-wide scale, .| Formatted: Highlight

total PCB congener concentrations in whole body SMB tissue show a statistically
significant {p<0.05) decrease from the 2002 and 2007 data (Kennedy/Jenks 2013b. 1.8S
2015). The 2012 SMB data support that natural recovery is oceurring on a system-wide

Scale-j\, T Commented [Author2]: This statement is based on a :
N i study performed without EPA oversight. EPA would need'to
Characterization of the Lower Willamette River with Sediment Profile Imaging, .} [eview the data and associated documents o evaluated the |

 bwvalidity of thisstatement.

Changes in Space and Time, Germano and Associates, June 2014 5
i Formatted: Highlight

The purpose of the study was to provide information on the physical and biological
features of the surface sediments in the Lower Willamette River through specialized
photography and compare to similar work performed in many of the same locations as
work performed in 2001 by the LWG during the RI. The 2014 effort used the same people
and protocol as the 2001 work, but was enhanced by updated technology (Germano and
Associates 2014). Results of the SPI showed significant recovery in benthic infaunal
successional stage compared to the 2001 RI results. These results support the fish tissue
studies indicating natural recovery is occurring throughout the Study Area.

Final Supplemental RUFS Studv_Field Sampling and Data Report, River Mile 11
East, GSL Julv 2014

The River Mile 11 Fast Early Action Area is part of the Portland Harbor Superfund Site
(PHSS) and was identified as a PCB “hot spot™ which required accelerated remediation
as per the EPA’s settlement agreement in 2013. Surface sediment sampling was
conducted in October 2013. The limited-access surface sediment samples were collected
by divers using a hand-coring device during May 2014 (GSI 2014).

Nine surface (bank) soil samples were collected and analyzed for PCB Aroclors,
hydrocarbons (diesel range and residual range hydrocarbons), PAHs, pesticides, metals,
phthalates, SVOCs, TOC, total solids, grain size, and D/F. Surface soil samples were
composited and represented the 0- to 1-foot depth (GSI12014).
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22 surface sediment samples were collected and analyzed for PCB Aroclors, TOC, total
solids, and grain-size distribution. In addition, samples from six re-occupied stations were
analyzed for organochlorine pesticides. Of the 22 samples, 12 were collected by a
pneumatic power-grab sampler, and 10 samples were collected by divers. The target
depth for surface sediment samples was 30 centimeters bml (with a minimum acceptable
penetration of 20 centimeters) (GSI 2014).

Total PCB Aroclors were analyzed in 22 surface sediment samples with 100% detection
frequency. Concentrations of total PCB Aroclors ranged from 2.5 pg/kg to 1,405 pg/kg,
with a median concentration of 93.5 pg/kg. Total dichlorodiphenyltrichloroethane (DDT)
was analyzed in six surface sediment samples with 100% detection frequency.
Concentrations of total DDT ranged from 0.24 pg/kg to 9.5 pg/kg, with a median
concentration of 2.05 pg/kg. Total D/F were analyzed in four samples with 100%
detection frequency. Concentrations of total D/F ranged from 556 ng/kg to 2,160 ng/kg,
with a median concentration of 1,357.5 ng/kg (GSI2014).

Sediment Sampling Data Report, Portland Harbor, Kleinfelder, June 2015

The purpose of the 2014 sediment investigation was to: (i) assess the current
concentrations of PCB Aroclors in surface sediments (0-30 centimeters) from RM 2 to
RM 16.2; (1) provide data to compare with prior results and with concentrations predicted
by the sediment recovery food web model (FWM), and (ii1) develop a dataset
representative of current PCB concentrations to be used in developing future remedial
actions. Samples were collected from November to December 2014 (Kleinfelder 2015).

Within the PHSS, 98 surface sediment samples were collected, and 27 surface sediment
samples were collected within the Downtown Reach (RM 11.8 to RM 16). Samples were
collected using a hydraulic power-grab sampler (maximum penetration of 30 centimeters
bml) and analyzed for PCB Aroclors, TOC, and grain size (Kleinfelder 2015).

Total PCBs were detected in 113 of 125 (90%) surface sediment samples. In Site sediment
samples, total PCBs ranged from <0.7 pg/kg to 5,180 pg/kg. One sample was reported at
7,420 pg/kg; however, due to analytical interference, this sample was flagged as non-
detect. In the upstream area (RM 11.8 to 16.2), total PCBs ranged from <0.7 pg/kg to
61.1 pug/kg. TOC ranged from 820 mg/kg wet weight to 35,000 mg/kg wet weight. Grain
size results for the upstream area showed a lower percentage of fines (silt and clay)
compared to Site samples (Kleinfelder 2015). Results showed that PCBs in surface
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sediments were generally lower when compared to RI data co-located stations suggesting
that natural recovery is occurring.

Concentrations and Character of PAH in Sediments in Area of River Miles S t0 6
2015 Investication, NewFields. March 2016

Two sampling events were conducted during 2014 and 2015 to investigate the nature and
extent of PAHs in sediments in an area between RM 3 and the St. Johns Bridge (RM 6).
The potential for Principal Threat Waste (PTW) was also assessed for the various possible
dredge horizon intervals. Sediment samples were analyzed for PCBs, D/F, DDx, and
carcinogenic polycyclic aromatic hydrocarbons (cPAHs) (Benzo[a]pyrene Equivalents
[BaP Eq]) (NewFields 2016).

The sediment bed depth intervals sampled in this study included: (i) Interval A, Surface,
0 to 1-foot bml; (i1) Interval B, Future Channel, -48 to -49 feet below Columbia River
Datum (CRD); (111) Interval C, Future Overdredge, -51 to -52 feet below CRD; and (iv)
Interval D, Future Overdredge (plus cap buffer), -53 to -54 feet below CRD. 53 samples
were taken at Sampling Interval A, 15 samples were taken at Interval B, 34 samples were
taken at Interval C, and 40 samples were taken at Interval D (NewFields 2016).

The highest cPAH concentrations were detected in the proximity of the former Gasco
property and were consistent with pyrogenic manufactured gas plant IMGP)-derived tar
wastes. Very few sediment samples from this study detected petroleum-derived PAHs.
The mean concentrations of other COCs (PCBs, DDx, selected chlorinated D/F isomers,
BaP Eq) in this stady did not exceed PTW classifications (NewFields 2016).

Total PCB Aroclors were detected in 26 of 31 (84%) sediment samples, with
concentrations ranging from <0.02 pg/kg to 27.8 ng/kg. Total DDx were detected in 22
of 31 (71%) samples, with concentrations ranging from <0.036 ng/kg to 58.3 pg/kg. Total
PAHSs were detected in 100% of 150 samples, with concentrations ranging from 1.3 ug/kg
to 1,376,830 pg/kg (reported as sum of 17 PAHSs). Total D/F were detected in 100% of
31 samples, with concentrations ranging from 5.9 ng/kg to 5,291 ng/kg (NewFields
2016).
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Sediment Sampling Data Report Swan Island Lagoon, Geosvntec Consultants,
August 2016

20 surface sediment (0-30 centimeters) samples were collected within Swan Island
Lagoon (RM 8 to 9) during March 2016. Samples were analyzed for PCB Aroclors, TOC,
and grain size. Sediment sample locations were co-located with previously sampled
locations by the LWG for the RI/FS (1998-2007). The purpose of the study was to
evaluate if natural recovery of sediments is occurring in Swan [sland Lagoon by
comparing the 2016 results to the older RI/FS results (Geosyntec 2016).

PCB Aroclors were detected in all 20 surface sediment samples, with concentrations
ranging from 33.6 pg/kg to 996 pglkg. 75% of these samples showed reduced PCB
concentrations when compared with sample results collected over 10 years ago. These
results also confirmed trends seen with PCB concentrations found in surface sediment
samples collected by the 2015 Kleinfelder study. Recent sampling indicates that newly
deposited sediments are covering and/or mixing with the older surface sediments both
river-wide and in Swan Island L.agoon (Geosyntec 2016).
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This appendix details the proposed design and evaluation of the proposed 640-sample
surface sediment sampling plan. It is organized into two sections, as shown below:

e Section B1: Sample Placement and Design; and
= Section B2: Sample Plan Statistical Evaluation.

The proposed plan consists of 428 unbiased samples and 212 biased samples located in
the Sediment Management Areas (SMAs), for a total of 640 samples. The density of
unbiased samples is approximately 20 samples per bisected River Mile segment
(distributed in in 20 segments, plus a 20-sample segment in Swan Island Lagoon and 8
additional samples in inlet areas). Approximately 160 of the unbiased sample locations
will fall within/immediately adjacent to the SMAs, enabling the delineation of the SMAs
to take advantage of approximately 370 samples (212 SMA sample plus approximately
160 unbiased samples = approximately 370 samples).

This density of SMA samplingf achieves the level of precision needed to delineate SMAs
within an approximate 30% level of uncertainty, sufficient for the needs of the Pre-RD
group and an initial dataset to inform on additional SMA delineation sampling events
needed for higher levels of engineering design. Additionally, the sampling plan is
sufficient to meet the needs of the Pre-RD group in evaluating natural recovery since

2004 and developing statistically robust Spatially Weighted Average Concentrations

(SWACs) on Site-wide and other spatial scales. The proposed 428 unbiased samples also
meets the unbiased sample count necessary to meet EPA’s data objectives, in addition to
the Pre-RD group’s objectives.

Section Bl: Sample Placement and Design

Placement of the 640 surface sediment samples will be achieved through the following
steps, and a conceptual figure showing the distribution of the samples is shown in Figure
1:

1. A sample grid consisting of 428 cells will be devised for the Site (River Miles 1.9
to 11.8). This grid will be used to place the unbiased (randomly placed) samples.
There will be three types of cells:
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a. Shoal cells: Shoal cells will be placed parallel along the center channel flow
path (thalweg) of the center of the navigation channel in the areas of the
river outside of the navigational channel (shoals). One set of shoal cells will
be placed to the east of the navigational channel, and one set of shoal cells
will be placed to the west side of the navigational channel. The length of
each shoal cell will be approximately 0.067 miles such that approximately
30 shoal cells (15 on east shoal, 15 on west shoal) will be present per River
Mile. The width of each shoal cell will be the distance between the
navigational channel boundary and the river bank. 150 shoal cells will be
placed on the east side of the river and 150 will be placed on the west side
of the river for a total of 300 shoal cells.

b. Navigational cells: Navigational cells will be placed parallel along the
thalweg of the center of the navigation channel in the areas of the river
within the navigational channel. One set of navigational cells will be placed
to the east of the navigational channel thalweg centerline, and one set of
navigational cells will be placed to the west side. The length of each
navigational cell will be approximately 0.2 miles such that approximately
10 navigational cells (5 on eastern half of the channel, 5 on western half of
the channel) will be present per River Mile. The width of each navigational
cell will be the distance between the navigational channel boundary and the
navigational channel thalweg centerline. 50 navigational cells will be
placed on the eastern half of the navigational channel, and 50 navigational
cells will be placed on the eastern half of the navigational channel.

c. Inletcells: Five areas of the Site (e.g., Swan Island Lagoon) do not conform
well to the shoal grid placement, so these areas will be identified as inlets.
In these areas, inlet cells will be placed such that the length of each cell is
approximately 0.067 miles and the width 1s the bank-to-bank width of the
inlet. Thus, these areas will be sampled at the same density as the shoal
areas that border the navigational channel. 8 inlet cells will be placed in the
smaller inlets, and 20 cells will be placed within Swan Island Lagoon.

Appendix B B-2 22 September 2017

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00059



Confidential — For Purposes of Settlement Negotiations Only {; €0 %Vﬂ r e [l

el nts

samps

2 Bvean
igtand
Lagoon
samples

Figure 1. Conceptual distribution of the 428 unbiased samples among the shoal (light
blue), navigational channel (purple), and inlet/Swan Island Lagoon (pale yellow) areas.
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= 3 times the number of samples will be placed in the shoals relative to the
navigational channel. The addition of inlet samples (which are in inlet
sections of the river shoals) will slightly increase the number of shoal
samples relative to navigational channels, such that 23% of the final sample
count will represent navigational channel samples.

= The sample design will be evenly balanced between east and west. Due the
presence of inlets, approximately: 225 (53%) of samples will be on the
eastern side and 203 (47%) of will be on the western side.

= Approximately 40 randomized samples will be present per each River Mile
(20 on east and 20 on west). This targets 15 samples on each shoal and 5
samples on each side of the navigational channel.

*  Robust sample sizes will be achieved in four segments (Segment 1 = River
Mile 9 to 11.9, Segment 2 = River Mile 7.5 to 9, Segment 3 = River Mile 5
to 7.5, and Segment 4 = River Mile 1.9 to 5), as well as the four segments
bisected into east and west portions, and Swan Island Lagoon (these
segments are shown in Figure 3 of the Workplan).

In each bisected River Mile (starting with 1.9 to 2.9 on the Fast side), 6 cells
containing at least 1 surface sediment sample station sampled in 2004 will be
randomly selected for reoccupation. In 11E and 11W, no cells can be selected for
reoccupation due to lack of 2004 sample locations. This will result in
approximately 108 cells selected for reoccupationé

In each cell, a location will be randomly determined to receive the sample
location. The sample location will be selected via a random number generator to
determine the x- and y-coordinates. The randomization process will exclude areas
that were within 20 feet of the shoreline to avoid placing samples in the intertidal
zones or in areas that could not be reached with the sample vessel. Random
sample locations will be visually inspected (aerial imagery) to ensure that the
sample will not be placed in an area that could not be reached with the sample
vessel (e.g., underneath piers or other fixed infrastructure), with a re-
randomization of the location if needed.
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4. 1If the cell will be randomly selected for reoccupation (step 2 above), a location
will be selected at random from the cell and then shifted to reoccupy the nearest
2004 sample location.

5. 212 additional samples will be added to enable 2-dimensinoal delineation of the
Alternative F Mod active Sediment Management Area (SMA) footprint. These
samples (“SMA Samples™) are not unbiased, randomly placed samples. They will
be placed in two successive steps.

a. The first step in SMA sample placement will assume a surface sediment
sample will be placed at each of the 60 proposed sediment core locations (the
30 proposed bank core locations are not included).

b. The second step in SMA sample placement will consist of selecting 152
sample locations within and immediately adjacent to the SMAs such that a
sediment sample would be present approximately every 300 feet within the
SMAs.

The 212 SMA samples specifically placed within and immediately adjacent to the SMAs
plus the unbiased samples placed randomly within the SMAs (approximately 166
unbiased samples) will result in approximately 378 samples total within and immediately
adjacent to the SMAs. Additionally, many unbiased sample locations near the SMAs will
also be used to aid in delineation.

In summary, the 640 surface sample count will have the following distributions:

= 428 unbiased samples and 212 biased SMA samples (640 total);

* 108 re-occupied stations are expected to be evenly distributed across the range
of PCB concentrations, as compared to the full 2004 dataset (Figure 2);

= Approximately 20 samples per bisected River Mile (distributed in in 20
segments plus Swan Istand Lagoon), achieving EPA’s goal of approximately 20
samples per rolling River Mile can be achieved in the 20 segments, plus Swan
Island Lagoon;

= Among the unbiased samples, 100 will be located in the navigation channel and
328 will be located in the shoaled areas (approximate 25/75 distribution); and

Appendix B B-5 22 September 2017

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00062



Confidential — For Purposes of Settlement Negotiations Only

Geosyntec®

el nts

*  The unbiased samples will be distributed among the 9 segments as shown in
Table 1 (Figure 3 of the workplan).
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Figure 2. Concentrations of PCBs in surface sediments in all 2004 surface sediment
sample locations compared to the 87 locations selected for re-occupation in an earlier
draft proposed plan. This figure will be updated in the Sampling and Analysis Plan (SAP)
following the placement of the approximate 108 sample reoccupations. The boxes
represent the interquartile ranges of the data, whiskers represent the 10th and 90th
percentiles, the empty circles represent individual data points, and the labels indicate the
geometric mean of concentrations.
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Table 1. Expected distribution of the 428 unbiased samples within each of the 9 L ’?Commented [Author8]: Of the 428 samples, 108 sample
segments.

locations:are biased because they will:be:moved to biased
i 2004 samplinig locaticnsi

1w 58
1E 59
2W 29
2E 30
Swan Island Lagoon 20
3w 50
3E 48
4w 63
4E 71
Total 428

Section B2: Sample Plan Statistical Evaluation

The ability of the sample plan to meet various data objectives in a statistically robust
manner was evaluated using several statistical approaches, as detailed below. It should
be noted that these approaches are conservative and tend to overestimate sample size
requirements, as they are based on the 2004 PCB data. Recently-collected data have
suggested concentrations of PCBs in surtace sediment have decreased significantly since
2004 such that many areas are converging on lower, ambient levels of PCBs. This
convergence would result in lower variability in hypothetical 2018 data (and future data),
which would greatly improve the precision and power of data and lower necessary sample
size requirements for the data evaluations discussed below.

Additionally, the below statistical evaluations are considered initial efforts and may be
augmented by additional or alternate evaluations (as needed) if any revisions to the
sampling plan are considered or other aspects of the data objectives are emphasized.

;The Plan is Sufficient for SMA Delineation L Commented [Author9]: The data will not be sufficient to
define SMAs—but can assistin developing the SMA
i locations to be further defined during remedial design

The proposed sample placement density of the 378 samples within/adjacent to the SMAs : . :
i through additional sampling.

is approximately 1 sample per 70,000 f> and a spacing of approximately 290 to 300 ft
between each sample. Via a Monte Carlo simulation using a hypothetical 20-sample
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evaluation area and an approximated Site-wide 2004 PCB sediment data distribution, we
calculated the average area that would be indicated by the number of samples that would
exceed the PCB RAL of 75 pg/kg and indicate designation for inclusion within an SMA.
The Monte Carlo simulation calculated the sum of the individual 70,000-ft> areas 1000
times to simulate potential results for the final total SMA area sizes. 80% of the total
SMA area estimates (area that would be indicated above the PCB RAL) were within =
25% to 38% (average of 31%) of the median estimate. This approximate level of +30%
precision was considered satisfactory for the initial SMA delineation.

The Plan is Suficient for Spatially Weighted Average Concenration (SWAC)
Determination

L Commented [Authorl0l: The proposed plan ishot ;
i suficient for recalculating SWACs b not all af the 428 ¢
surface sediment samples are unbjased: i

Spatially Weighted Average Concentrations (SWACs) for PCBs in the proposed plan
were calculated using a simplified approach in which equal polygon areas were assumed
for each proposed sample point and a random concentration of PCBs were assigned from
approximated 2004 PCB sediment data distributions for each of the 8 segments. SWACs
were calculated for each of the 8 segments shown in Table 1, assuming approximately 40
samples were present in each segment, except for segment 2W, which is expected to
receive fewer samples due to its shoreline configuration and River Mile length. Actual
sample sizes for the final sample plan are expected to be higher (Table 1), and this
analysis will be updated in the SAP. Using Monte Carlo simulation, the PCB SWAC and
95% Contfidence Intervals (95% Cls) around the SWAC were calculated 1000 times for
each the 8 segments. Swan Island Lagoon, within 2E, was also assessed in an additional
evaluation (segment 9) and it was noted that the proposed sample size and placement
would be sufficiently robust to meet SWAC data objectives if Swan Island Lagoon is
evaluated as its own segment.

The projected SWACs are shown in Figure 3, and are compared to the SWACs obtained
from the 2004 data. On average, the 95% Cls of the projected SWACs! (that would be
obtained using the sample plan) are 10% more precise than the 95% CIs calculated using
the actual 2004 data and spatial placement of 2004 samples. Thus, the sampling plan will
be able to generate SWACs that are as precise or more precise than the SWACs generated
with the historical data used as the basis for the remedial investigation, feasibility study,

1 The median of the 1000 SWAC 95%CIs (for cach segment) was evaluated.
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and record of decision at the scale of evaluation (8 segments plus Swan Island Lagoon,
as shown in Figure 3 of the work plan).

250 1 @2004 SWAC (Measured)
200 gProjected 2004 SWAC (345-
) unbiased sample plan)

150 ]

100 ]

PCB SWAC
(rg/kg)

50 ]

1w 1E 2w 2E 3W 3E 4W 4E
Segment

EFigure 3. SWAC:s calculated using the 2004 sample locations and results (grey bars) and
projected using a Monte Carlo simulation of the sample sizes in each segment, as placed
in the sample plan (green bars). Note: this figure was generated using an earlier draft
proposed plan that included tewer samples. This figure will be updated in the SAP, and
overall statistical robustness of the plan will increase due to the additional samples.

It should also be noted that this projected SWAC analysis was performed assuming that
the samples would not be composited. The 3-point composting approach is likely to
reduce variability by approximately 50% on a Site-wide basis (see below), so the
precision of the projected SWACs (shown in Figure 3) is likely to be reduced significantly
such that precision of the SWACs in all segments (including 4W and 3W) should be more
precise from those calculated in 2004.
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The Plan is Sufficient for Comparing Differences in Concentrations Since 2004

A variety of data evaluation approaches will likely be used to evaluate differences in
concentrations of PCBs in surface sediment between 2004 and 2018 (or going forward
by EPA), including regression and multi-variate analyses and consideration of various
other data, including water depth, grain size, organic carbon, and other sample location-
specitic factors that influence natural recovery processes. Data will also be modeled and
cvaluated spatially, including statistical comparisons of SWACs estimated in 2004 and
2018.

A simple analysis would include a comparison of 2004 and 2018 data at the stations
proposed for reoccupation. A Site-wide power analysis indicated that approximately 90
reoccupations of the 2004 samples, if paired and compared on a log-transformed basis (n
= 90), will be sufficient to detect an approximate 40% or more reduction in PCB
concentrations (power of 0.8, a of 0.05). This 1s likely conservative (i.c., lower levels of
reduction will likely to be detectable) given the analysis was based on single samples (not
composited samples, as identified in the sampling) plan, and the fact that 2018 are likely
to be of lower variability than 2004 data. The approximate 40% reduction from 2004 to
2018 (14 years) is less than that hypothesized by EPA in the natural recovery trend
analysis (i.e., assumption of 5% to 10% per year, which would equate to a 50% or greater
reduction in concentrations over the 2004 to 2018 time period). Additionally, as
proposed, approximately 108 samples will be used for the reoccupation, further
increasing power (analysis will be updated in the SAP).

Assuming a reduction in variability as a result of the 3-point compositing approach
proposed in the workplan? the 87 reoccupations should be able to detect a 25% (or greater)
difference at a Site-wide scale. At the segment level, this approach should enable
approximate 30 to 40% differences (or more) to be detected. The statistical power at this
level should be further augmented by additional variables and approaches (as described
above) or sensitivity analyses that include portions (or the entirety) of data from samples
collected in the SMAs. In particular, spatial weighing of the data (using SWAC or

equivalent geostatistical analyses) is likely to greatly improve the power of the statistical .- | Commented [Authorl2]s This terin s inaccurate. There
are nio geostatisicatanalysesinthe report:

2 Variability of the data should decrease from an approximate 40% coefficient of variation (CV) to a 20%
CV, based on Monte Carlo simulation.
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comparisons, enabling in lower levels of differences between 2004 and 2018 SWACs to
be detected at the 8-segment scale.

The Plan is Sufficient for PCB Natural Recovery Power Analysis L Commented [Author13]: The analysis supporting
numbersfor sediment is based on precision:of site wide

As ﬂa}icd -ahove; the proposed-plan-vwill- aeh}ﬁrxl&rrrappm\rimd&eEy 20-samples-per-biseeted : BWAC and has o real power arialysis assciated with it. See |
o ! Z i EPA Appendix A for sample size design using power analysis |

Ry o B ; W
SEHeG A ? TR : {provided in EPA attachment).

2617--Podtland Harbor Superfund Stie Sarphay Planfor Pre-Remedinl Bosign. Bassline, and-

3 EPA
Long-Torra-MouttoringRewsed Weorking Draft.

hane 6.

1— ibts power-snalvsiswas-based-on-PoHs - the-same- \mal ZER ‘&,{1 S DD *-aml PAHh i—;}diu«z&,&
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Summary of Plan Evaluation

In summary, the above evaluations indicate the proposed plan is sufficiently robust for

addressing the Pre-RD groupdataneeds: ... ... .. ... ... .- Commented [Authorl4]: Sec EPA's sbove camments

*  SMA areas will be delineated at an approximate + 30% level of uncertainty,

= SWACs for each of the segments will be as precise or more precise than
previously-calculated SWACs; and

» Differences in sediment concentrations (including SWAC and other data
expressions) between 2004 and 2018 will be statistically detectable (o = 0.05)
an approximate 0.8 level of statistical power, assuming concentrations have
decreased approximately 25-40% or more since 2004.
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In addition, the proposed sampling density achieves a statistical power of 0.9 based on
one of the key power analyses used by EPA to support their approximate sample size

requirements.
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POWER ANALYSIS FOR FISH TISSUE SAMPLE SIZE, PREPARED BY AECOM

A statistical analysis was performed using the 2012 smallmouth bass (SMB) tissue data set for the
Portland Harbor Superfund Site (Kennedy/Jenks Consultants, 2013) to estimate sample sizes for
re-baselining fish tissue chemistry. Prior analyses o£ 2002, 2007, and 2012 data for polychlorinated
biphenyls (PCBs) in SMB indicate fish tissue concentrations have declined over time. The primary
focus of this analysis was to estimate the number of SMB samples needed to determine with
statistical significance whether PCB concentrations have continued to decline since 2012.
Comparison of historical and new means and 95% confidence intervals, as well as trend analysis,
provide robust and statistically-valid approaches for evaluating the data to evaluate natural
recovery, and are likely to be used following data collection in 2018.

An important aspect of monitoring design is power analysis, which was performed to estimate the
difference that can be detected between the 2012 and re-baselining fish tissue data sets. This was
illustrated by calculating the effect size (d) or the standardized difference between two means that
could be detected (Cohen, 1988); and the minimum detectable difference (MIDD) as a function of
sample size and variance. The MDD is the difference between two means that must exist to detect
a statistically significant effect/difference. The MDD is a commonly employed technique to
indicate the potential significant difference at a given sample size in fish tissue monitoring (e.g.,
United States Environmental Protection Agency [EPA], 2000).

METHODS AND RESULTS

Two scenarios were evaluated: (i) assuming sample size equivalent to the 2012 smallmouth bass
data set (n=83 Study Area, n=9 upriver background); and (ii) assuming sample size equivalent to
the targets set forth in the 2012 work plan (n=95 Study Area, n=10 upriver background)
(Windward Environmental, 2012). The sample size calculations were performed considering two
spatial scales: (i) site-wide; and (ii) four 2 to 3-mile segments.! Both spatial scales are relevant to
evaluation of SMB in the risk assessment and bicaccumulation modeling.? Sample size estimation

! The segmentation is based on prior analysis of the available data (Wolf, 2015).

% A spatial scale of 2 to 3 mile segments may better reflect the home range of SMB which ranges from 0.5 to 5.5 miles
(Scott and Crossman, 1998). Based on a radio-tracking study of predator species in the Lower Willamette River, the
median total distance traveled (upstream and downstream) by SMB was 4.3 kilometers (km) (2.7 miles), with 25th
and 75th percentiles of 0.8 km and 8.0 km (Friesen, 2005).
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to support statistical analysis of trend/natural recovery on an individual river mile (RM) basis is
not a data use objective; large sample sizes would be needed to detect trends with adequate power.
The power analysis was pertormed using the following assumptions:

= Confidence = 95% (alpha [a] = 0.05);
*  Power=280% (1-B=0.80); and
» PCB data lognormally distributed.

The assumption that PCB concentrations in the 2012 whole body SMB data set are lognormally
distributed is based on distribution testing performed using @Risk v.6 (Palisades, 2012). Table 1
presents summary statistics for the 2012 SMB data set. PCB fish tissue concentrations were log
(base 10) transformed for the power analyses. The assumptions of 95% confidence (a = 0.05) and
power of 80% are used by convention to support statistically significant results (e.g., EPA, 2000).
However, statistically robust changes may still be concluded using less stringent hypothesis test
statistics (e.g., lower confidence or power).

The calculation of effect size (Cohen’s d) was performed using the pwr package (Champely, 2017)
in the R statistical computing (R Core Team, 2015). ‘The calculation of the minimum deteciable
difference (MDD) as a function of the sample size and variance in the 2012 data was performed
using the following formula and expressed as a percentage of the 2012 mean’ (Harcum and

MDD = V[(402 (Z(1-(2/2)) + Z(1-B)) 2) + N]
where:

N = total sample size (number of samples in 2012 and new baseline)

o = standard deviation (assumed equal to 2012 sample populations)

Z(1-(a/2)) = 1.96

Z(1-B) = 0.84

MDD = minimum detectable difference between 2012 and new baseline means

3 While log transforming the data results in the power analysis being on the population geometric mean, results using
the techniques described here are considered to be adequate practical approximations for the purpose of this analysis.
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The effect size analysis indicates that replicating the 2012 sample sizes (actual or target sample
sizes) will allow for moderate differences between the means to be detected on a site-wide basis
(Cohen’s d of ~0.4). For the four segments, the 2012 sample sizes will allow for large differences
between the means to be detected (Cohen’s d of ~0.8).*

Results of the MDD analysis are summarized in Table 2 for the full Site (RM 2-12), each of the
four segments, and the upriver background arca. The MDD analysis was also performed excluding
Segment 1 (RM 9-12), which has the highest mean and variance; eight of the ten highest 2012
PCB SMRB samples were from Segment 1, which includes the RM11 area. Table 2 includes MDD
results for combined Segments 2, 3, and 4 (RM 2-9).

As shown in Table 2, sample sizes consistent with the 2012 program (actual or target) result in a
MDD of about 30% on a site-wide basis. The MDD improves slightly (about 1%) when the 2012
target sample size is used (increase of 12 samples site-wide). When the area with high varnance is
removed (Segment 1), the MDD is about 23% for the remainder of the Site.

On a river segment basis, sample sizes of 20 to 23 result in MDDs of about 28% to 40% in
Segments 2, 3, and 4. In Segment 1 (RM 9-12) where variance is highest, sample sizes of 22 to 28
resultin a MDD of about 60%. For upriver background, a sample size of 9 to 10 results in an MDD
of about 60%. For upriver background, the means for the 2002 (n=6 composite samples) and 2012
(n=9 discrete samples) SMB data sets are similar (170 micrograms per kilogram [ug/kg] and 230
ug/kg, respectively).

Based on prior trend analysis indicating a decline of about 4% per year (Nielsen, 2015), the
maximum change that could be expected in the new baseline data would be approximately 24% in
2018 from the 2012 site-wide mean assuming a linear response (declines may become asymptotic
over time as conditions reach equilibrium). Based on the MDD values calculated in this analysis,
sample sizes consistent with the 2012 program should be sufficient to detect a change of this
magnitude on a site-wide basis (excluding Segment 1/RM11 area) with a high degree of statistical
significance.

4 The Cohen’s d statistic is a standardized measure of the size of the effect that can be observed between two means,
with smaller values indicating smaller differences can be observed. Per Cohen (1977): 0.2 = small effect; 0.5 =
moderate effect; and 0.8 = large effect.
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Table 1
Summary Statistics for 2012 Smallmouth Bass Data Set
Portland Harbor Superfund Site
Pre-Remedial Design Baseline Study
2012 SMB Data (a)
Minimum | Maximum Mean sb
Dormain River Miles n (ugkg) ug/ka) {ug/kg) (ug’kg) CcV
Site-wide 2-12 83 92.4 6470 648.7 1185.9 1.8
Segment 1 9-12 22 134 6470 1531.6 2057.7 1.3
Segment 2 7.5-9 & SIL 23 118 1060 331.3 203.7 0.6
Segment 3 575 19 92.4 440 2251 85.4 0.4
Segment 4 2-5 19 148 1280 434.2 299.8 0.7
Upriver Background 15-18 9 50.7 634 2340 1875 0.8

Notes

(a) PCB wet weight data from 2012 Smalimouth Bass Tissue Study {whole body). Kennedy/Jenks 2013.

n = sample size

CV = coefficient of variation
SD = standard deviation
SMB = smalimouth bass
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Table 2

Summary of Power Analysis for Smalimouth Bass Sample Size
Portland Harbor Superfund Site

Pre-Remedial Design Baseline Study

Sample Size Equals 2012 Sample Size Equals 2012
2012 SMB Data (a) Actual Catch Targets Increase in
Mean sh Geomettic MDD MDD MDD due to
log10PCB | logl0OPCB Meaan log PCB log PCB attaining
Domain River Miles n {ugrkg) (ug’kg) (ugrkg) (ug’kg) MDD (%) n {ug/ka) MDD (%) targets
Site-wide 2-12 83 2.56 0.38 364 0.17 31.6% 95 0.16 30.7% 0.9%
Segments 2,3 & 4 (b) 2-9 61 2.45 0.23 282 0.12 23.9% 67 0.12 23.4% 0.5%
Segment 1 9-12 22 2.87 0.52 745 0.44 63.5% 28 0.41 61.2% 2.4%
Segment 2 75-9&SIL | 23 2.46 0.22 290 0.18 33.8% 23 0.18 33.8% 0.0%
Segment 3 5-7.5 19 2.32 0.16 211 0.14 28.3% 21 0.14 27.6% 0.6%
Segment 4 2-5 19 2.56 0.27 359 0.24 42.8% 23 0.23 41.2% 1.6%
Upriver Background 15-18 9 2.26 0.33 180 0.44 63.8% 10 0.43 62.8% 1.0%

Notes

(a) PCB data from 2012 Smallmouth Bass Tissue Study. Kennedy/Jenks 2013

(b) Site-wide domain after exclusion of Segment 1 (highest 2012 SMB PCB levels were observed in RM11 area).
Analyses performed using alpha of 0.05 and power of 0.80.

n = sample size

MDD = Minimum Detectable Difference

SD = standard deviation of the log base 10 transformed mean

SMB = smalimouth bass
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Appendix D
Calculation of Whole Body - Fillet Ratios for Focused Chemicals of Concern in Smalimouth Bass Tissue

B A e R R I R T
Lacation wioifilletit Fillet giky gikg glkg WEBIE paly sk g/Kg WEF ek palg ik WEBIE
SBO10E 0.71 0.28 92.02 787 67.95 8.63 4.78 0 55 3.57 6.45 857040 83375 635686 762
SBO1OW 0.71 0.29 254.22 15.55 184.21 11.85 13.50 1.17 9.88 8.48 1117067 122842 825177 6.72
SBO11E 0.76 0.23 43.11 6.41 34.29 5.35 9.66 1.12 7.61 6.81 8162565 1481605 6554652 4.42
SBO11W 0.75 0.24 86.47 7.36 66.60 9.05 10.37 1.25 8.07 6.46 675258 83874 526546 6.28
SBO2E 0.68 0.31 127.54 14.91 91.78 6.16 8.19 0.87 5.86 6.76 1997918 199566 1427353 7.15
SBO3E 0.72 0.28 129.37 13.75 96.38 7.01 5.60 0.66 4.19 6.39 371940 40694 277425 6.82
SBO3W 0.73 0.26 135.96 14.37 103.62 7.21 7.33 0.91 5.62 6.21 264052 26961 201006 7.46
SBO4E 0.72 0.27 123.33 14.85 93.24 6.28 10.30 1.37 7.82 5.70 1855376 241418 1407655 5.83
SBO4W 0.73 0.27 172.39 18.07 129.92 7.19 6.93 1.15 5.34 4.62 379264 38773 285558 7.36
SBOSW 0.76 0.24 184.29 17.03 143.62 8.43 7.75 0.89 6.08 6.85 345978 34276 270171 7.88
SBOGE 0.74 0.26 116.97 11.38 89.25 7.84 7.03 0.78 5.39 6.90 872325 82290 664932 8.08
SBOBW 0.75 0.24 279.18 20.47 215.42 10.52 16.54 1.67 12.87 7.70 352513 28952 272752 9.42
SBO7E 0.72 0.27 153.26 12.34 114.06 9.24 34.49 3.71 2592 6.98 2687788 210859 1998729 9.48
SBOTW 0.77 0.23 1843.30 180.58 1461.08 8.09 430.22 57.27 344.43 6.01 678402 65752 537571 8.18
SBOSE 0.75 0.25 81.59 9.46 63.19 6.68 12.12 1.56 9.43 6.05 3693086 43015 286074 6.65
SBOSW 0.66 0.33 593.47 48.25 408.18 8.46 43.44 4.21 30.10 7.16 651255 51441 447423 8.70
SBO9E 0.65 0.34 100.62 10.99 69.18 6.29 8.13 0.97 5.62 5.78 496991 53205 341323 6.42
SBOOW 0.71 0.28 238.42 20.06 175.81 8.76 10.83 0.93 7.99 8.63 1318052 104333 970079 9.30
Average 0.72 0.27 Average Ratio 7.95 Average Ratio| 6.66 Average Ratio| 7.43
Standard Deviation 1.64 Standard Deviation| 0.96 Standard Deviation| 1.33
Table B3-3 of Final FS (EPA 2016) 7.17 Table B3-3 of Final FS (EPA 2016)| 6.13 Table B3-3 of Final FS (EPA 2016} 8.02
Notes:

(a) Fractions calculated using fillet and body without fillet weights in Table 3-3 of Round 3B Fish and invertebrate Tissue and Collocated Sediment Field Sampling Report (Integral and Windward 2008). Average
of individuals in composite sample.

(b) Smalimouth bass tissue chemistry data from SCRA database (sum of detected congeners for dioxins_furans and PCBs).

(c) Whole body concentration calculated as sum of (fillet concentration X fillet mass fraction) + (body w/o fillet concentration X body w/o fillet mass fraction).

Abbreviations:

wio - without; DDx - sum of dichlorodiphenylfrichicroethane and its derivatives; ug/kg - microgram per kilogram; pg/g - picogram per gram; WB - whole body; F - fillet; FS - Feasibility Study
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MEMORANDUM

Date: October 4, 2017
To: The Portland Harbor Superfund Site Pre-RD Group
From: Jason Conder and Anne Fitzpatrick, Geosyntec

Re: Sample Placement Approach (Grids/Cells vs. Transects) for the Unbiased Surface
Sediment Sample Plan

iGeosyntec beligves (as previously discussed with EPA, below) that placement of the unbiased surface
sediment sampling locations using a grid-cell pattern, instead of fransects proposed by EPA in their June

2017 scoping plan, will provide betfer spatial coverage in this dynamic river system;, .

Advantages of Grid Cell Placement:

e The grid cell approach will provide a more spatially-balanced dataset for SWAC calculation
since the distances between the sample points are more equidistant.

o The fransect system compresses the sample location to particular points on the river and leaves
large oaps (-0 2 miles) between transects. These un-sampled gaps result in higher spatial
uncertainty, and result in fower rolling River Mile averages that can be calculated.  Example:

40-sample layouls for a River Mile (river flow righttodefty: | '

Ve B e Y e WY e e Y g ] g g g

? ¢ o : P % 8 5 8 ¢

B gy O “Q°Q¢m<§}_& § § g § §
Grid Tranzect

e Transects are not randomly placed since they follow a simple line across the river. The
placement of sample locations in the grid cells is random. Given the variability in physical
processes of this dynamic river system, the transect approach could miss certain
depositional/erosional environments.

e A gpatially-weighted evaluation of surface sediment provides a way fo optimize the dataset for
future monitoring designs;

EPA Discussion/Agreement on Grid Cell Approach:

e 8-9-17 Meeting: EPA and Pre-RD group verbally agreed to evaluate sample placement approach
for 345 unbiased samples.

Grid Cells and Transects Page 1

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9
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e 8-17-17 Meeting: The Pre-RD group presented the grid cell placement approach to EPA. EPA
verbally agreed to evaluate the approach further and requested the grid cell GIS files. Geosyntec
provided the grid cell GIS files to EPA on 8/18/17.

e 8-22-17 Meeting: During web meeting between Pre-RD group and EPA technical staff
(including S. Sheldrake, J. Kem, and K. Gustavson), EPA verbally agreed with the grid cell
approach and requested that samples be placed randomly in each grid cell instead of at the center
of each grid cell. EPA requested additional unbiased samples (420 instead of 345). Since that
meeting, fhe Pre-RD Group has ngrced fo increase the number of unbiased saniples to 428 as

reflected in the latest draft of the Work Plan-?ﬂ e i ommented [SECBY: The fundamentatissiie BRA Has with
the latest Draft of the Work Plan is that the Pre-RD Group. |
hasselected 108 of the 428 unbiased samples forre-

Last revised by JMC and AGF on 10/4/2017; saved in Geosyntec Seattle server in projects: Portland Harbor/ technical/AOC pying 2004 ple 1 Thesere- pied

scope/ surface sed and geostats locations are biased and therefore should not be included in
the count of 428 unbrased samples:

Grid Cells and Transects Page 2
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Legend
*  Proposed Surface Sediment Samples*

River Miles

! Navigation Channel

Site Reach
Swan Island Lagoon
: Downtown Reach™

Upriver Reach®

Note:
* Proposed samples for the Downtown and Upriver
reaches are for illustrative purposes only.

Figure 2. Surface Sediment Transect Locations for Baseline and Long-Term Monitoring

Portland Harbor Superfund Site
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Appendix A

Statistical Basis for Sampling Approach

Introduction

Baseline and long term monitoring programs are intended to quantify remedial effectiveness and
progress toward attaining remedial objectives. It is anticipated that statistical analyses will be used to
evaluate monitoring data, and the number and frequency of measurements must be adequate to
support reliable statistical estimation and hypothesis testing procedures needed for decision making.
This appendix documents the basis for the number and frequency of sampling locations to meet
monitoring objectives. Attachment Al to this appendix provides further discussion equivalency
evaluations and explains the benefit of this approach for post-remediation monitoring.

The performance of statistical procedures is characterized by precision of estimates and power to reject
tests of hypotheses. For unbiased sampling designs, statistical precision is the difference between a
parameter estimate and the true population parameter. More precise parameter estimates have
narrower confidence intervals and when estimation procedures are unbiased, precision also provides a
measure of accuracy. Statistical power is the probability of correctly rejecting the null hypothesis when
in fact the alternative hypothesis is true. Power and precision of statistical procedures are determined
by the specific statistical procedure; the number and frequency of sampling events the natural variability
of measurements and the magnitude of effects under study. The number and frequency of samples to
be collected were determined to provide statistical basis to estimate confidence intervals with specified
precision and to test hypotheses of temporal trends with adequate statistical power. Analyses and
information necessary to select adequate sample sizes are summarized in the following sections.

Sample size determinations were conducted for fish and sediment sampling intended to support:

1) estimation of mean COC concentrations under pre-dredge baseline conditions,

2) tests of the null hypothesis of no change in COC concentrations,

3) estimation of post remedial recovery rates for fish and sediment at a range of scales, and
4) tests of hypotheses of equivalence between site and upstream reference area conditions.

Data Objectives

For each evaluation, a data objective was set so that a number of samples and an appropriate frequency
of monitoring could be determined to meet power and precision objectives.

For comparison of post-remedial COC concentrations with baseline conditions the minimum number of
samples was identified so that a 20% reduction in geometric mean (e.g. median of a lognormal
distribution) concentration could be identified with at least 80% statistical power.

For temporal trend analysis, the number of samples per monitoring period were determined by
identifying the number of samples necessary to detect an approximately 5% to 10% annualized rate of
change over a 10-year period with approximately 80% statistical power.
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For equivalency analysis comparing site and background concentrations?, the number of samples per
monitoring time step and spatial group were determined so that the upper 90% confidence limit for the
ratio of site to upstream geometric means was less than 1.5 when site data are equivalent to
background (i.e. R=1.0).

Methods {Sample Size Determination)

A statistical simulation approach was used to develop relationships between sampling designs {i.e.
number, frequency and compositing scheme) and precision or power of statistical procedures.
Relationships between sample size and power or precision were plotted for selected design
configurations and the numbers of samples and design specifications meeting power and precision data
objectives were selected. The simulation method was selected because a broad range of statistical tests
and sampling designs can be evaluated easily with a single robust framework. Development of the final
sampling plan requires inspection of power curves for each media and the statistical tests of interest
applied to the primary chemicals of interest. Final sample sizes should meet as many of the data
objectives as possible for each media and chemical. It should also be noted that some compromises may
be necessary in cases where projected sample size determinations may not be feasible for all
combinations of objectives, media and chemicals—a balance of practicality and rigorously meeting data
objectives is necessary.

Simulation of Power and Precision

The simulation procedure for developing relationships between statistical sampling design
configurations and precision or power of analysis techniques proceeds through 7 steps:

1. Obtain pilot scale data suitable to understand the statistical distribution of data likely to be collected
under the sampling program
1.1. For temporal trend analysis site Rl data were used for pilot data within river miles 1.9 to 12
1.2. For equivalency analysis, data from upstream of river mile 15
2. Develop a model describing statistical distributions based on the pilot data
3. Modify statistical distributions as needed to represent null and alternative hypothesis situations
3.1. Fortemporal trends this requires adjusting the mean to represent selected temporal decay
rates
3.2. For equivalency analysis this includes specification of the on-site and off-site concentration
mean and variance
4. Select random samples of data from statistical model developed in step 3
4.1. For temporal trends this includes sampling in a way that mimics the study design, including
number and frequency of samples under consideration
4.2. For equivalency analysis both site and off-site data were assumed to have the same distribution
(i.e. populations assumed to be equivalent)
5. Apply anticipated statistical procedures to the synthetic data
5.1. Estimate equivalency statistics
5.2. Test for temporal trends
6. Repeat steps 4 and 5 many {N=1000) times to develop a distribution of test statistics

1 Background data are representative of the distribution of contaminant concentrations representative of limiting
conditions and levels of recontamination that may be expected to recontaminate the site post remedy.
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7. Post process distributions
7.1. The number of times the null hypothesis was correctly rejected divided by 1000 is an estimate
of statistical power
7.2. The half width of confidence intervals is an estimate of the precision of the sampling design for
equivalency analysis

Data for Planning

Implementation of the steps described above requires an understanding of the statistical distributions
that can be anticipated in future monitoring efforts. Generally, pilot data from existing studies are used
to infer the likely nature of future data to be collected. The primary parameters needed to develop the
power analysis are the general shape of the distributions, symmetric or skewed histograms, and
estimates of mean and variance. For analyses reported herein, sample fish and sediment chemistry data
collected as part of the remedial investigation (Rl) were used to develop these necessary inputs.

For fish tissue power and sample size determinations, PCB concentrations in samples collected from
2002, 2007, 2011 and 2012 were used to develop distributional assumptions. Differing distributions
were developed for areas on-site (River Miles 1.9 to 12) and areas upstream of River Mile 15,
representing background areas. For sediment analyses chemistry data for total PAHs, PCBs and DDx
from the site and upstream of River Mile 15 were used for background evaluations and data from on-
site (River Miles 1.9 to 12) were used for other evaluations unrelated to background concentrations.

All power analyses assumed a lognormal distribution with log-mean and log-variance estimated from
the Rl data. Although environmental data are generally right skewed, frequently they are less skewed
than expected under a log-normal distribution. If actual data are less skewed than assumed in this
evaluation, one can expect the precision and power of statistical analyses to be better than planned.
Using a log-normal approach represents an effort to plan for the worst and hope for the best.

Pre- and Post-Remedial Action Comparisons

Immediately after the remedy is completed, there is an expectation that sample media will exhibit lower
contamination concentrations indicative of short term remedial performance. It is not expected that
impacted media will attain cleanup levels at this point in time, as the selected remedy generally entails a
combination of active remediation and natural recovery processes to reach long term cleanup goals. In
the short-term it will be desirable to test for changes in COC concentrations in media immediately after
remedy completion as an indicator that short term “step” change in COC levels through implementation
of the remedy have taken place as expected.

The short-term effects of the remedy will be examined by testing the null hypothesis of no change in
COC concentrations prior to and immediately after remedy completion. Although several tests of change
could be considered, the two independent samples Wilcoxon rank sum test is evaluated here (For details
see Hollander and Wolfe, 1999, or other standard nonparametric statistics texts). The power of the
Wilcoxon Rank Sum test was evaluated using the simulation framework described above where the test
was applied to independent simulated samples for a range of effect sizes and numbers of samples. The
test compares median (e.g. geometric mean for log-normally distributed data) COC concentrations for
samples collected before and after remediation, so the post remedial concentrations were simulated
with median levels expressed as a multiplier of the pre-remedial concentrations. For example, an 80%
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reduction in concentration was simulated by multiplying the median parameter by a factor of 0.20. Both
samples were assumed to be log-normally distributed with log-mean and log-standard deviation
estimated from existing fish or sediment data from within the site. Sample sizes under consideration
varied from 5 to 200 and percentage reduction varied from 0 to 80% in increments of 20%.

Figure 1 shows power curves for PCB concentrations in fish tissue for the Wilcoxon rank sum test of the
null hypothesis of equal medians for pre- and post-remedial concentrations. Percentage changes
investigated ranged from no-change to 80% reduction. The vertical axis in each plot is the power (i.e.
probability of rejecting the null hypothesis) and the horizontal axis represents the corresponding sample
size. The black line represents the case of no change and should be approximately 0.05 indicating the
Type | error rate {a) of the test. When there is no actual change in concentration the tests incorrectly
reject the null with at most 5% probability. Power curves increase with sample size and with the
magnitude of the change in concentration. Based on the power curve presented in Figure 1,
approximately 10 samples are required to detect a 20% reduction in median concentration of PCBs in
fish tissue after remediation.

Power to Detect Percentage Reduction Pre- Post-Remediation
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Figure 1. Power o detect o percentage reduction in concentrotion ofter completion of the remedy for
totol PCBs in whole body smallmouth bass thssue.

Figure 2 through Figure 4 summarize the simulated power curves for before after comparison of total
PAH (PAH), total DDT, DDD and DDE (DDx) and total PCBs (PCB) in sediment. For PAH 20% reduction in
concentration can be detected with at least 80% power for sample sizes of at least 30. For DDx, similar
level of power would require over 200 samples, and for PCB, approximately 60 samples would be
required. Generally, one would select the chemical with the worst-case scenario to determine sample
size for each medium, however the DDx results would push the sampling design beyond what would be
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expected to be practical, so it is anticipated that some compromise will be selected as a final sample size
to be applied to spatial areas within which pre-post comparisons will be evaluated. Final selection of
sample size will require consideration of the numbers needed to meet temporal decay data objectives
and equivalency analyses.

Power to Detect Percentage Reduction Pre- Post-Remediation
Sediment: PAH
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Figure 2. Power to detect o percentage reduction in concentration after completion of the remedyv for
total PAMS in sediment,
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Temporal Trends

It is anticipated that temporal recovery rates will be estimated by fitting first order decay functions
which assume concentrations are proportional to an exponential decay function:

Cf = C()ekt

where Cr is the COC concentration in fish and k is the recovery rate which approximately represents the
annualized recovery rate. For example, when k=0.05 the rate of recovery is approximately 5% per year.
This decay, or recovery, rate represents the combined effects of source control, burial and dilution and
other natural recovery processes. For study planning purposes, the number and frequency of samples
was determined by identifying combinations of frequency and sample size that are expected to reject
the null hypothesis Ho: k=0 in favor of the alternative H,: k<O when the actual recovery rate is in the
range of 5% to 10%. Preliminary analysis of site smallmouth bass PCB data suggested that natural
recovery may be functioning at approximately 10%, however this estimate should be treated cautiously
due to limited temporal record. It will be better to plan for detecting a slower rate to insure adequate
numbers of samples to accurately interpret long term monitoring data.

Power of statistical tests for specified combinations of number of samples and frequency of sampling
was simulated using Monte Carlo techniques based on the assumption that future sample data will be
distributed similarly to the Rl data with the exception that log-mean concentrations will decline
proportionally to time and that log-variance will remain constant. For a particular combination of
sample size and frequency, statistical power was simulated by selecting a sample from the assumed
distribution for each monitoring time step and the null hypothesis of no recovery was tested for the
synthetic data based on the test statistic:

T_k—O
 se(k)

Which is approximately distributed as a Student’s T random variable. In the power simulation process,
the null hypothesis was rejected when T was smaller than a Student’s T with n-2 degrees of freedom,
where n is the number of samples included in the analysis. Power was estimated by repeating this
procedure 1000 times and counting the proportion of times out of 1000 that the null hypothesis was
rejected. Statistical power was plotted against sample size and the resulting analysis was used to
determine number of samples per year and frequency of monitoring time steps providing 80% power to
detect a specified rate of natural recovery. Results are summarized in Table 1 for both 5% and 10%
recovery rates to allow resource managers to make appropriate value judgements with respect to the
final number of samples.

For detecting a 5% decay rate in PCB concentrations in smallmouth bass tissues with 80% power over 40
samples would be required. To detect a 10% recovery rate with similar 80% power approximately 12
individual fish would be necessary. Given the uncertainty in the actual decay rate that can be anticipated
it is recommended that a compromise of approximately 20 fish be sampled in each spatially defined
area wherein a temporal trend is to be estimated for fish.
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Power to Detect 8% Decay Rate in 10 years: PLR
Sampling in Years: [0 2 5 1]
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Figure 7 through Figure Figure 9 show power curves for detecting a 10% change in sediment COC levels
which lead to approximate sample sizes of 65, 45 and 35 for PAH, DDx and PCB respectively. Although
not included here, similar plots were also developed for 5% decay rates in sediment which resulted in
sample sizes of more than 200, 160 and 130 for PAH, DDx and PCB respectively.

Power to Detect 10% Decay Rate in 10 years: PAH
Sampling in Years: [0 2 5 10]
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Figure 7. Power to defect o 10% onnualized recovery rate in sediment by monitoring in yveor 0, 2, 5 and
10 for total PAH,
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Equivalence Evaluation

Attainment of RAOs occurs when sediment cleanup levels as specified in the ROD are attained. For PCBs
this cleanup level is 9 ppb. For the purposes of evaluating remedy effectiveness and evaluating whether
the remedy is functioning as intended, during the five-year review, site data will also be compared with
fish and sediment data from areas upstream of the site using an equivalence analysis (McDonald and
Erickson, 1994). This type of evaluation assesses whether the site data are statistically equivalent to
upstream data representing background which may differ from 9 ppb in the future.

After site remediation and natural recovery, site and upstream concentrations are expected to converge
and be similar (equivalent). This convergence will be evaluated by estimating the ratio of site geometric
mean to upstream geometric mean. Geometric means are used in this situation because ratios of
geometric means can be more precisely estimated than ratios of arithmetic means. Equivalence will be
established when the upper 90% confidence limit for this ratio is no more than 1.5.

The number of samples necessary for equivalence analysis was developed using the simulation approach
described above followed by identifying the number of samples necessary to achieve an upper
confidence limit less than 1.5 based on the distribution of background COC data.

Rationale for Equivalence Test

Post remedial monitoring is intended to provide measures of remedial effectiveness and to provide site
managers data suitable to determine when a site has met remedial goals. Ideally a remedial goal is
achieved when data “demonstrate” that site conditions are equal or equivalent to conditions that would
have been present absent the release. Prior to establishment of a need for remedial action the site is
presumed to be un-contaminated or equivalent to reference condition and data are used to reject the
classical null hypothesis of no difference between site and reference conditions. In this context the
classical framework for hypothesis testing is appropriate—assumption of no difference unless and until
data demonstrate otherwise with 95% confidence. This approach leads to development of tolerance
limits based on background data which are generally used as points of compliance to identify areas that
are or are not contaminated.

Conversely, when a release has been documented and there is known risk and a need for remediation,
the null hypothesis of equivalence is no longer appropriate. The appropriate null hypothesis represents
the current understanding of the site which is that contamination and risk have been established and
one must assume the site to remain contaminated until data demonstrate with a high degree of
confidence that the site is no longer contaminated. This suggests demonstration of remedial success by
rejecting the reverse-null hypothesis:

Ho: Hsite = Aureference

in favor of the alternative:

Ha: Hsite < Aureference'
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But in order to reject this reverse null it is necessary for the site mean to be lower than the reference
condition, which is generally unachievable in practice. It would be unfair to require responsible parties
to clean up to levels lower than background conditions.

Tests of bioequivalence (McDonald and Erickson, 1994) acknowledge this situation and provide a
workable alternative that maintains the proper assumption of contaminated until data prove otherwise,
without requiring cleanup to concentrations that are below background conditions. This is achieved by
inserting a coefficient of equivalence (Ry > 1.0) and testing the null hypothesis:

Hot Usite = RoXfreference
against the alternative:
Ha: Hsite < RO Xlureference
where the equivalence coefficient is chosen to represent a scientifically meaningful value.

For example, at Portland Harbor the cleanup value for PCBs is 9 ppb and one could insure that the true
site mean is less than 18 ppb by selecting R, to be 2.0. Site and reference means would be declared

equivalent when an upper confidence limit for the sample ratio R = A—”S“e

Ureference

is less than 2.0.

Tests for equivalence are intuitive when expressed as confidence intervals for the ratio of site to
reference means or when data are right skewed geometric means. Equivalence is established by
rejecting the null hypothesis that the true Ratio is greater than a specified scientifically meaningful value
which is equivalent to comparing the upper confidence limit to the specified value. When the UCL is less
than the specified ratio {(e.g. defining equivalence) equivalence is established.

This equivalence testing approach has several advantages relative to the test of classical null hypothesis:

1} For the traditional test of hypothesis where equal means (i.e. R=1.0) is the null hypothesis,
remedial success is concluded when the null hypothesis is not rejected. Although common, this
is an inappropriate conclusion as failure to reject the null simply means that the data and study
design were inadequate to reject the null, which may or may not be true. Declaring remedy
effectiveness in such a situation would be inappropriate because the true ratio could be
substantially higher than the sample estimate as shown in the top panel of Figure 1. In this
situation, the confidence interval for R captures 1.0 indicating that the classical null hypothesis
would not be rejected (i.e. concluding successful remediation) when in fact the true ratio could
be more than a factor of 2 greater than the reference area mean.

2) Inthe top panel of Figure 107 the UCL exceeds the specified value of 2.0 which also leads to
failure to reject the null hypothesis of non-bioequivalence and site managers would not change
assumption that the site remains more contaminated than the reference site {i.e. site not
proven to be equivalent to background). This is appropriate because the assumption that the
site is contaminated should only change when statistically reliable evidence falsifies the
assumed null condition.

3) The lower panel in Figure 20 illustrates the desired outcome where the sample ratio and its’
upper confidence limit is lower than the specified limit of 2.0 which leads to the rejection of the
null hypothesis of non-equivalence in favor of the alternative hypothesis that site and reference
data are “equivalent”.
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Equivalence tests provide direct and quantifiable evidence that two populations are similar with
a level of confidence and an a priori definition of similarity (i.e. equivalence).

The plot in the lower panel of Figure 10 also illustrates that the classical null hypothesis can
result in data that are “too” precise. Note that the lower limit fails to capture 1.0 indicating that
in this case the null hypothesis of “equality” would be rejected and one would conclude that the
site had not been adequately remediated when the site mean was in fact just 4.5ppb greater
than the 9 ppb cleanup level—a statistically significant difference lacking in biological meaning.

4)

5)
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Selection of Equivalence Coefficient and Sample Size

For equivalence testing it is necessary to identify a balance between a rigorous equivalence coefficient
(Ro) and the number of samples necessary to reliably assure that when site and reference data are
equivalent, (i.e. when R = 1.0) there is high power to correctly reject the null hypothesis of non-

equivalence. Using the simulation approach described above, the

Tiers 8&9

upper 95% UCLs from 1000 samples of

A-13

ED_002061_00114488-00098



sizes 10 through 200 were plotted and compared with a trial equivalence coefficient of 1.5 and it can be
seen that 100% of simulated sample sets had upper confidence limits below the 1.5 when 50 samples
were selected in each of the reference and site data sets (N=100 total). Assuming a geometric mean of
approximately 9 ppb in the reference area, bioequivalence would be established when the UCL is less
than 13.5 ppb and importantly the sample geometric mean would, by necessity, be very close to 9 ppb
as desired. Although at first blush it may sound like the agencies are defining the goal to be 50% higher
than the cleanup levels, one must recognize that if the actual ratio is 1.5 the chances of rejecting the null
hypothesis is just 5%, virtually impossible. Demonstration of equivalence requires the site conditions to
be very close to background levels, high quality low variance data must be carefully collected, and the
number of samples must be adequate to insure very narrow confidence limits on the ratio. Taken
together the bioequivalence approach incentivizes a high quality and statistically rigorous study design.

Figure 11 through Figure 13 show that the UCL for the ratio of geometric mean COCs in sediment can be
expected to fall below the target 1.5 level for 50, 25 and 50 samples for PAH, DDx and PCB respectively.

Demonstration of equivalence for PCB in smallmouth bass tissue approximately 25 to 30 individual fish
samples (Figure 14).

LWG RA Total PAH (Calculated U = 1/2)

2.4—% | i

LICL for Ratio of Geometric Means
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Figure 11, Upper 85% confidence fimits for 1000 simuloted samples when site and reference doto ore
equivalent for Total PAH in sediment.
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LWG RA Total DDx (Calculated U = 1/2)
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Figure 12, Upper 85% confidence limits for 2000 simulated somples when site and reference doto ore
equivalent for Totol DDy in sediment.
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TotalPCB (Calculated U=1/2)
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Figure 13, Upper 85% confidence limits for 2000 simulated somples when site and reference doto ore
equivalent for Total PCBs in sediment.

A-16

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00101



Smalimouth Bass Total PCBs
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Figure 14, Upper 85% confidence limits for 1000 simuloted somples when site and reference doto are
equivalent for Total PCBs in whole body smollmouth buass..

Summary

Sample size results for each combination of media chemical and statistical analysis of interest are
summarized in Table A-1 below. It is anticipated that site managers will utilize this table to develop final
numbers of samples as the basis for the baseline and long term monitoring programs. In the simplest
way one would identify the maximum number needed across all fish tissue evaluations which would
lead to approximately 45 fish per group. Similarly, because all sediment concentrations are based on the
same samples one could identify the maximum number per each statistical evaluation across chemicals
(row) followed by identifying the maximum within this row-wise calculation which would lead to over
200 sediment samples within each analysis group.

The power analysis developed in this appendix represents only the mathematical and statistical aspects
of study design. Final implementation of these results in developing a sampling plan must also
incorporate other non-statistical factors such as practical concerns related to implementation, cost and
the relative importance of each combination of media and chemicals. The resuits here provide a guide
to final selection of sampling numbers and frequency by site managers.

It should also be noted that the results summarized here are approximate, based on simulations derived
from site data that may be imperfect representatives of future conditions. In general, one can expect
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future data distributions to recover in absolute concentration, but also it can be anticipated that with

declining mean values will also come declining variability. Generally, analyses provided in this report

can be considered somewhat pessimistic, so balancing perfection with practicality is fully acceptable and
even expected when planning a monitoring program. With this in mind, on the order of 20 to 45 fish and
65 to 130 may be considered reasonable target sample sizes for groups of interest. These include a total
of 8 groups as currently envisioned; upstream and downtown reaches and 6 groups within the site—left
right and mid channel subdivided into approximately 3 mile subsections. Additional power and precision
could be achieved with potentially increased power by considering compositing or by increasing the size
of analysis groups--equivalently defining fewer groups.

Table A-1. Sample sizes adequate to support baseline and long term monitoring
objectives in fish and sediment at the Lower Willamette River Superfund Site.

Smallmouth

Sediment
Bass
Hypothesis
PCB PAH DD PCB
(Effect Size) > X >
Pre-Post Comparison
10 30 >200 60
{20% Reduction at 80% Power)
Temporal Trend
45 >200 160 130
(5% Decay Rate at 80% Power)
Temporal Trend
(10% Decay Rate at 80% 15 65 45 35
Power)
Equivalence
{Defined by ratio of 1.5 and 25 50 25 50
confidence level of 90%)
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Attachment Al

Direction of the Null Hypothesis for Demonstrating Remedial Success

Objective: The objective of post remediation monitoring is to collect data adequate to demonstrate to
regulatory agencies and the public with a strong level of confidence that selected remedial actions have
been successful. In this context, the default position of the public and the regulatory agencies is to
assume that the site remains un-remediated until new post remedial data demonstrate reliably that site
conditions have changed in response to natural process and implementation of the remedial action.
Success and completion of the remedy is demonstrated when site conditions have met stipulated
cleanup goals and/or equivalence with reference conditions expected to prevail at the site over the long
term using a test of bioequivalence.

Null Hypothesis for Traditional Research Questions: Traditional statistics and hypothesis testing is
generally geared toward evaluations comparing treatments with controls, where the treatment is
assumed to be ineffective until experimental data demonstrate convincingly that it is superior to the
control group. In this context, the null hypothesis is defined such that control and treatment means are
equal

Hy: Uereatment = Heontrol

and rejection of this null hypothesis at 5% level of significance demonstrates with 95% confidence that
the treatment differs from the control.

Using the traditional test of equal means for demonstrating remedial effectiveness would suggest
concluding the site had been effectively remediated when the null hypothesis was accepted. This
approach is inappropriate because statistical tests cannot prove the null hypothesis. When the null
hypothesis is not rejected, it is impossible to distinguish the following two conditions;

1) The null hypothesis is false, but data were insufficient to distinguish treatment and control
groups relative to the variation in the measurements; or
2) The null hypothesis is indeed true.

To rectify this situation, some experimenters have imposed statistical power conditions which would
preclude the un-detected difference in means from exceeding some magnitude at a selected probability
level. However, to ensure such a constraint, the regulatory agency is required to effectively impose
sample size requirements on the responsible parties, which may be difficult many responsible parties
and stakeholders must all come to agreement.

Bioequivalence Test: Test of bioequivalence effectively reverse the null hypothesis from one of equality
of means to one of inequality, assuming that the site remains contaminated until data can be used to
nullify this default position.

Why is this an appropriate position for the agencies to take?

After responsible parties have implemented the remedy, they are essentially asking the agencies to
agree that the overall process of risk assessment, remedial investigation and feasibility studies and
remedial design and implementation have culminated in an effective remedy. The agencies are
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effectively being asked to endorse the outcome with a clean bill of health. It is then incumbent on the
agencies to minimize the risk that the remedy may have been unsuccessful. In this context, it is correct
for the agencies to assume the remedy was unsuccessful until data demonstrate otherwise. Rejection of
the null hypothesis of inequality in favor of the alternative of equivalence at a specified level of
significance (equivalently high confidence) provides the agencies and the public with a demonstration
that the responsible parties’ claim of success are in fact reliable. Unfortunately, simply reversing the null
hypothesis is not enough to develop a fair and appropriate decision approach, because rejecting the null
hypothesis of equality vs the alternative that the site has lower concentrations than reference would be
unfair in that cleanup levels would necessarily be lower than natural or anthropogenic background
conditions. A “reasonably” attainable and scientifically meaningful level of similarity is required to define
equivalence. Tests for equivalence then test the null hypothesis that site concentrations are greater
than reference conditions by a pre-set and agreed to amount defined as “equivalent”. Rejection of the
null hypothesis of non-equivalence at the 5% level of significance provides the agencies with assurance
that the site mean is less than the specified threshold with 95% level of confidence. Setting the
equivalence threshold at a biologically meaningful difference insures that the remediation will be
declared successful only when there is strong evidence that the true site mean concentration is within
biologically meaningful margin of error of the reference condition—the site is statistically equivalent to
reference.

Comparison of Approaches

Four red horizontal lines are plotted in Figure 1 representing confidence intervals for 4 hypothetical
situations that may result from monitoring data. The solid vertical line at 0.0 represents the null
hypothesis of no difference and the traditional null hypothesis would be accepted when intervals
include this line representing no difference. The dashed vertical line represents a hypothetical value
deemed to represent equivalence, and the hypothesis of non-equivalence is rejected when the upper
confidence limit is less than this value. The remedy is declared successful when the null hypothesis is
accepted under the traditional framework, whereas rejection of the null hypothesis demonstrates
success under the equivalence framework.

0.0 Equivalence

Xsite ™ Xyeference

Figure 1. Hypothetical confidence intervals {red lines) for the difference in control and reference concentrations
and comparison of traditional and equivalence tests under four different situations (A through D).

Situation A is the primary reason for which the traditional null hypothesis is understood to be
inappropriate. In this case a wide confidence interval does not precisely bound the true mean, which

Al-2

Sierra Club v. EPA 18cv3472 NDCA Tiers 8&9

ED_002061_00114488-00107



could be considerably higher than the reference mean, yet the remedy would be declared successful.
Wide intervals are indicative of small sample sizes, high variance and/or poor laboratory practices.
Under the traditional approach there is incentive for responsible parties to negotiate for small sample
sizes to improve chances for the wide interval most likely result in accepting the traditional null
hypothesis—declaring success. Conversely because the wide interval also captures the equivalence
threshold, the remedy would not be declared successful at this point in time under the equivalence
testing framework. This could lead to any number of response actions, including continue monitoring in
the future, or collecting more data contemporaneously to refine the imprecise confidence interval to
better understand the situation.

Situation B shows the case where both frameworks would result in the same outcome, that the site was
not statistically different from background condition and that any differences that may exist are less
than pre-specified definition of equivalence—the remedy would be declared successful at this time.

Situation C is an ironic condition where under the classical null framework, too much precision can be a
problem in that the mean for the site is statistically greater than that for the reference area, but the
difference is biologically indifferent. In this case the remedy would be declared successful under
bioequivalence and unsuccessful under the traditional no-difference null framework. This situation
illustrates that the traditional null framework incentivizes small sample sizes, and high variance to insure
against an unlucky outcome due to a too-narrow confidence interval. The test of equivalence avoids this
situation entirely in that narrow intervals are required to demonstrate success and these are the result
of a well implemented powerful study. High quality science is incentivized by correctly stating the null
hypothesis with a pre-defined biologically meaningful threshold for equivalence.

Situation D may be the most common outcome early in a monitoring program where the data suggest
that the true mean may be within the equivalence region, but the interval is too wide to demonstrate
equivalence statistically. In this situation it may be to the responsible parties advantage to simply collect
more data in efforts to narrow the confidence interval in hopes of achieving statistical evidence of
equivalence. This opens the door for an adaptive monitoring approach where smaller sample sizes could
be considered early in the monitoring program until evidence suggests that site conditions may be
approaching equivalence, at which time it would be up to responsible parties to increase the power of
the design with more sampling effort to develop statistically significant evidence of success.

Summary

The discussion above provides general rationale for selection of the direction of the null hypothesis for
demonstrating similarity to reference condition. The EPA is recommending the equivalence testing
approach because it eliminates the need for inappropriate interpretation of nonsignificant statistical
tests, stimulates discussion of what will be considered a biologically meaningful difference before
sampling and analysis, and because the method incentivizes sound high quality science with powerful
statistical testing methods.

Within the monitoring program, other analyses will be conducted that are unrelated to reference area
comparisons. These will take on more familiar statistical frameworks and are not described in detail
here. It is expected that for all media first order decay functions will be fit to samples to estimate post-
remedial recovery rates. It is also expected that for each medium, baseline and post-remedial data will
be compared to demonstrate the short-term effects of the remedy, immediately after completion.
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Statistical procedures for evaluating the effectiveness of the remedy will take on the traditional null
hypothesis framework because the questions are naturally and appropriately framed with a null

hypothesis of no change {equality of metrics) with rejection of the traditional null signifying remedial
effectiveness.
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