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1 Introduction

This Shelton Harbor Interim Action Plan (IAP) describes the selected cleanup action for portions of
the Shelton Harbor Sediment Cleanup Unit (SCU) within the Oakland Bay and Shelton Harbor
Sediments Cleanup Site (Ecology Cleanup Site ID 13007; Figure 1-1). The Shelton Harbor SCU
(Figure 1-2) was delineated by the Washington State Department of Ecology (Ecology) in accordance
with the Washington State Sediment Management Standards (SMS; 173 204-500(4)(a)), as further
described in the 2017 Agreed Order DE 14091 (Agreed Order) between Ecology and the Simpson
Timber Company (Simpson). An interim action is a remedial action partially addressing the cleanup
of a site, as provided under the Washington State Model Toxics Control Act (MTCA) regulation
(Washington Administrative Code [WAC] 173-340-430) and the Agreed Order. Specifically, this IAP
describes sediment cleanup actions for three subareas within the Shelton Harbor SCU with elevated
concentrations of chemicals of concern (CoCs). This IAP, which fulfills the requirements of Section
VILD of the Agreed Order, describes the proposed interim actions and sets forth functional
requirements that these cleanup actions must meet to comply with the requirements of MTCA and
the SMS. Simpson, along with other Potentially Liable Parties (PLPs) as appropriate, will implement
this IAP to satisfy the requirements of the Agreed Order.

This IAP has also been prepared to expedite cleanup of Shelton Harbor sediments located below the
mean higher high-water elevation, including areas within the northern Shelton Harbor habitat restoration
project described in Section 2.1. The remainder of the Shelton Harbor SCU will be addressed in a
forthcoming SCU-wide Cleanup Action Plan (CAP), currently targeted to be prepared in 2019.
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2 Shelton Harbor Environmental Conditions

This section summarizes environmental conditions in Shelton Harbor, including a brief background
of the harbor, a summary of sediment data, and the current conceptual site model (CSM) of
sediment contamination.

2.1 Shelton Harbor Background

Like the rest of Puget Sound, the Shelton Harbor area was glaciated and carved out during the last
ice age. Shelton Harbor, Oakland Bay, and Hammersley Inlet are likely the remnants of a subglacial
channel formed during the most recent glacial retreat (Herrera 2010). The current bathymetry of the
Shelton Harbor area is depicted on Figure 1-2. Watershed inputs from Goldsborough Creek and
Shelton Creek, along with algal (e.g., phytoplankton) production within Oakland Bay, contribute
sediments to Shelton Harbor. Sands transported through Goldsborough and Shelton Creeks deposit
in the relatively large intertidal delta near the creek mouth in north Shelton Harbor, while finer
sediment (silt and clay) is transported into deeper water areas of the SCU.

The non-Native American Shelton area economy was built around the forest products industry and
paper manufacturing, farming, dairying, and ranching as well as shellfish aquaculture including oyster
cultivation. Industrial development in Shelton Harbor began with sawmill operations in the late
1800s, which continue to this day. In general, waterfront industrial operations peaked in the 1950s
and 1960s and have declined since that period, like other areas of Puget Sound.

Both Goldsborough and Shelton Creeks are productive salmonid streams. In 2000, Simpson and the
U.S. Army Corps of Engineers (Corps), in conjunction with the Washington State Department of Fish
and Wildlife and the Squaxin Island Tribe, removed a 33-foot-high dam in Goldsborough Creek,
improving fish passage for Chinook (Oncorhynchus tshawytscha), coho (O. kisutch), and chum (O.
keta) salmon, along with coastal cutthroat trout (O. clarkii clarkii) and bull trout (Salvelinus
confluentus). Today, Goldsborough Creek is one of the only watersheds in Puget Sound with
increasing coho salmon runs (https://nwifc.org/recordgoldsborough/). Shelton Creek has continued

to support chum (O. keta) salmon runs, even though it is in an urbanized watershed.

In 1991, a railroad ferry dock located on the north side of the spit that bisects Shelton Harbor was
removed by the Corps, after which the mouth of Goldsborough Creek migrated to the north into
deeper, formerly dredged areas, creating an abrupt grade drop from the creek channel into a former
dredged area within the delta (Anchor QEA 2017a). Even following removal of the Goldsborough
Creek dam, this grade change has continued to propagate an upstream channel incision into Lower
Goldsborough Creek as it has adjusted to its new base elevation, exposing buried pipelines in the
creek, creating fish passage barriers, and degrading estuary and creek habitat.
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The Squaxin Island Tribe, South Puget Sound Salmon Enhancement Group, Simpson, Port of Shelton,
and other project partners are currently designing and permitting a habitat restoration project within
the northern portion of Shelton Harbor to address these habitat impacts, with the objective of
facilitating greater salmon runs. The habitat restoration project is located within a portion of the
Shelton Harbor SCU (Figure 2-1). The initial (2017) phase of the habitat restoration project installed
engineered log jams designed to slow and reverse the upstream channel incision. Subsequent
phases of the habitat restoration project (beginning in 2018) will place clean fill in the estuary to
restore saltwater wetland habitat and enhance riparian areas. The overall goals of the habitat
restoration project include the following (Anchor QEA 2017a):

e Provide aquatic habitat and hydraulic complexity.

e Promote aggradation and complex flow paths.

e Restore estuary functions and facilitate natural processes.

e Improve habitat conditions at the mouths of Goldsborough and Shelton creeks.

The next (summer/fall 2018) phase of the habitat restoration project will include constructing a salt
marsh lobe in the northwest portion of Shelton Harbor on tidelands owned by Simpson and adjacent
to Sierra Pacific Industries properties and rerouting the mouth of Shelton Creek into a new lagoon, as
depicted in Figure 2-1. As described in this IAP, sediment cleanup actions in northern Shelton Harbor
will be designed to be compatible with habitat restoration plans. Cleanup construction is also
anticipated to be coordinated with habitat construction to the extent practicable. However, cleanup
actions described in this IAP will not be dependent on the habitat restoration project.

Cleanup plans for other areas of the Shelton Harbor SCU, to be addressed in the forthcoming
SCU-wide CAP (currently targeted to be prepared in 2019), will also be orchestrated with habitat
restoration to the extent practicable. For example, as part of a future (likely 2020 or beyond) phase of
the habitat restoration project, a portion of an existing timber railway and underlying upland soils
may be excavated from the spit located immediately southeast of the Goldsborough Creek delta,
improving connectivity of northern and southern Shelton Harbor habitats (Figure 2-1). Soil
excavation, disposal, and other future project elements to be performed within the spit and other
harbor areas necessary to ensure human health and environmental protection will be described in
the forthcoming (2019) SCU-wide CAP.

2.2 Summary of Sediment Sampling Data

As part of the Puget Sound Initiative for restoration and recovery of Puget Sound, Ecology identified
the Oakland Bay and Shelton Harbor Sediments Cleanup Site (Figure 1-1) as one of seven high
priority areas in Puget Sound for cleanup and restoration because of its important habitat and
valuable natural resources. In 2008, Ecology performed a study of Oakland Bay to identify potential
areas of sediment contamination and confirm priority areas for cleanup. Ecology designed the study
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to characterize sediment quality, determine the nature and extent of sediment contamination and
wood debris, and help identify protective sediment cleanup levels. Findings from the study were
published in the Sediment Investigation Report, Oakland Bay Sediment Characterization Study
(Sediment Investigation Report; Herrera 2010).

The scope of Ecology's 2008 Oakland Bay study included Shelton Harbor and adjoining areas, and
included an assessment of sediment input and transport throughout the bay system and the
collection of sediment samples for both CoC and toxicity analyses (Herrera 2010). Fifty surface grabs
and 51 subsurface core samples were collected across the Oakland Bay study area; additionally, three
reference sediment surface grab samples were collected from Carr Inlet to provide background
toxicity comparisons. Samples were analyzed for a wide range of CoCs associated with historical
industrial activities.

Ecology's 2008 Oakland Bay study identified surface and subsurface deposits of wood debris (with
associated elevated levels of sulfides and ammonia), dioxins/furans, and other CoCs in portions of
the northern and southern Shelton Harbor SCU (Herrera 2010). However, none of the surface
sediment samples collected in the northern harbor exceeded SMS sediment cleanup objective (SCO)
chemical criteria for benthic community protection, and only one surface sediment sample collected
in the southern harbor exceeded the SCO chemical criterion for a single polycyclic aromatic
hydrocarbon (PAH; fluoranthene). Historical (2000 to 2005) sampling of the marine railway area in
the northern harbor also identified a localized SCO chemical criterion exceedance of copper, as well
as localized areas of elevated tributyltin (TBT) concentrations in the upper intertidal zone. There is no
promulgated SMS criterion for TBT, but levels can be compared to regional risk-based benchmarks
for the purposes of evaluating areas for potential cleanup.

Bioassay testing performed in 2008 found toxicity at several stations within Shelton Harbor, primarily
for the larval bioassay test. However, the results were somewhat inconclusive, because “clean”
reference sediments that were used for comparison to test sediments failed the SMS acceptability
criteria for some of the tests (Herrera 2010). Additionally, test procedures in use for the larval
bioassay test in 2008 were later revised because the earlier test method was found to produce a
negative bias. Ecology’s Oakland Bay study concluded that the 2008 bioassay results were “associated
with the presence of wood waste, fine-grain sediment, synergistic effects of these and other correlated

constituents of concern, or some unmeasured condition.”

The 2008 study reported elevated surface sediment dioxin/furan concentrations at the Site,
particularly within the Shelton Harbor SCU (Herrera 2010). Dioxin/furan concentrations were also
found in sediment core samples. In most cases the deeper sediment samples were found to contain
higher dioxin/furan concentrations, likely due to historical sources. Ecology's (2017a) comparison
with the most recent updates of the SMS regulation concluded that dioxins/furans as well as
carcinogenic PAHs (cPAHSs) are human health CoCs within the Shelton Harbor SCU.
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Thus, based on Ecology’s previous evaluations, the following CoCs have been identified within the
Shelton Harbor SCU:

e Toxicity from wood debris breakdown products
e Dioxins/furans

e cPAHs
o Copper
e TBT

As discussed in the Shelton Harbor Sediment Cleanup Unit Remedial Investigation/Feasibility Study
Work Plan (RI/FS Work Plan; Anchor QEA 2017b) developed under the Agreed Order, most of the
data needed to complete the Shelton Harbor RI/FS were collected between 2005 and 2011, including
sampling and analysis data presented in the Sediment Investigation Report (Herrera 2010).
Consistent with the RI/FS Work Plan, a final defined data collection effort was completed by Simpson
in summer 2017. The 2017 data collection included sediment profile imaging (SPI)* throughout
Shelton Harbor; confirmatory bioassays using new test methods at several of the stations that failed
bioassay criteria in 2008; total volatile solids and porewater sulfide concentrations at bioassay
stations; sediment cores for radioisotopes Lead-210 and Cesium-137 to evaluate sedimentation
rates; dioxin/furan and cPAH analysis at selected stations, and sediment coring to evaluate wood
distributions at targeted locations. A report summarizing the 2017 sampling data is provided in
Appendix A (these data are also available on Ecology’s Environmental Information Management
database). The specific sampling objectives and findings of the 2017 investigations are briefly
summarized as follows:

e Evaluate benthic conditions (e.g., SPI at 60 stations and confirmatory bioassays at 11 targeted
locations).

- At almost all SPI locations, surface sediments did not exhibit visible wood debris, and it
appears that wood debris and associated toxic conditions in surface sediments
throughout most of the Shelton Harbor SCU declined significantly between 2008 and
2017; elevated wood debris levels (greater than 10% by volume) remain in isolated
areas of the southern harbor (Figure 2-2).

- SPIresults also reveal that surface sediments in much of the harbor are well oxygenated
and indicative of healthy benthic communities.

- Eight of the 11 confirmatory bioassays performed in 2017, including the single
confirmatory station in the northern harbor, passed SCO biological criteria; localized
areas of the southern harbor exceeded SCO biological criteria (i.e., no more than minor

! Sediment profile imaging is a survey method that rapidly maps large areas of surface and near-surface sediment, providing
information on sediment textures, geochemical conditions, and biological features.
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localized benthic community impacts), and only one sample in the southern harbor (SH-
19) exceeded the cleanup screening level (CSL) biological criterion.
Evaluate potential bioaccumulation exposures to humans and wildlife, building on regional
background evaluations recently performed by Ecology (2017a).

- Dioxin/furan toxic equivalence quotient (TEQ) levels are elevated throughout much of
the Shelton Harbor SCU, with the highest levels found in southwestern Shelton Harbor
and in the Shelton Creek delta. The maximum surface sediment concentration was
detected at Station SH-03, containing approximately 287 nanograms per kilogram
(ng/kg; Figure 2-3).

- cPAH TEQ levels are elevated throughout much of the Shelton Harbor SCU, with the
highest concentrations in the southwestern harbor, along the northern shoreline, and in
the south-central harbor. The maximum concentration of approximately
320 micrograms per kilogram (ug/kg) was reported historically at Station SH-22
(Figure 2-4).

Evaluate ongoing sources to sediments (e.g., further evaluation of potential dioxin/furan
sources in Shelton Creek).

- Existing surface sediment dioxin/furan TEQ levels in Shelton Creek above the estuary,
including near the clinker deposit on the west bank of the creek, range between
approximately 6 and 23 ng/kg, significantly lower than levels measured in the Shelton
Creek delta (Station SH-03; Figure 2-3).

- The dioxin/furan congener “fingerprints” of the clinker and Shelton Creek delta deposits
are also dissimilar, further suggesting that the clinker deposit is not a present-day
significant source of dioxins/furans to the Shelton Harbor SCU (see Section 3.7).

- Evaluation of dissolved dioxin/furan concentrations in shallow groundwater underlying
the clinker deposit is ongoing, and will be reported in the forthcoming Shelton Harbor
RI/FS (and addressed in the SCU-wide CAP as appropriate).

Evaluate recent natural recovery (e.g., radioisotope and other analyses to better characterize
sedimentation rates and sediment stability).

- Based on radioisotope dating, net sedimentation rates in subtidal areas of Shelton
Harbor average 0.30 = 0.06 centimeters per year (cm/yr; see Section 2.3 for further
discussion of natural recovery and sediment stability in the Shelton Harbor SCU).

While the 2017 sediment sampling data presented in Appendix A suggest that subtidal surface

sediment concentrations of dioxin/furan TEQ and cPAH TEQ have declined since 2005 consistent with

prior source controls and recent natural recovery of these CoC, not all prior sampling stations were

reoccupied during the 2017 sampling. To provide a conservative estimate of current surface

sediment CoC concentrations across the Shelton Harbor SCU for this IAP, average 2017 and historical

sampling data for collocated stations were used to develop concentration interpolations across the
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SCU; historical (2005 to 2008) data were used for stations not sampled in 2017. The combined 2005
to 2017 sampling data interpolated by inverse distance weighting for dioxin/furan TEQ and cPAH
TEQ are presented in Figures 2-3 and 2-4, respectively, and are discussed in more detail in Section 3.

2.3 Conceptual Site Model

A wide range of historical sources including industrial facilities may have released hazardous
substances or wood debris to sediments in Shelton Harbor, based on their scale, nature of
operations, and years of operation. More detailed descriptions of historical sources are provided in
the "Summary of Existing Information and Identification of Data Gaps Technical Memorandum”
(Herrera 2008). As discussed in Herrera (2010), historical sources of contamination to Shelton Harbor
could have included wood debris, wood burning and hog fuel boiler operations, pulp mill and
bleaching operations, sawmill facilities, wastewater discharges from industrial sources as well as
public-owned treatment works, vessel maintenance and repair, and other operations. Historical
transport pathways may have included currents and tidal fluctuations, aerial deposition, and
stormwater runoff.

Potential current ecological and human health risks have been identified in Shelton Harbor,
summarized as follows:

e Benthic effects have been studied primarily through a series of SMS bioassay tests; the 2008
and 2017 bioassay data (summarized in Section 3 and presented in Appendix A) reveal that
risks to sensitive benthic invertebrates are localized to active log rafting operational areas in
southern Shelton Harbor, as well as historical log rafting areas in the southwestern corner of
the harbor (Figure 2-2).

e While several of the 2008 larval bioassay SCO exceedance stations in the northern harbor
were not resampled in 2017, these stations had lower levels of wood debris and associated
degradation product concentrations than the northern harbor station (SH-04) that was
resampled in 2017, which passed SCO biological criteria using improved larval bioassay test
procedures (Anchor QEA 2017b). Based on the weight of evidence of the combined 2008 and
2017 data (i.e., SPI results showing a healthy benthic community, improved larval bioassay
methods, recent natural recovery), no benthic risks were identified in the northern harbor.

e For several bioaccumulative chemicals including dioxins/furans and cPAHs, risk-based values
protective of human health and upper trophic level wildlife fall below natural and regional
background concentrations defined in the SMS (WAC 173-204-505; Ecology 2017b). As
discussed in Section 3, average concentrations of dioxins/furans in Shelton Harbor are higher
than South Puget Sound draft regional background levels; however, average cPAH
concentrations in the Shelton Harbor SCU are less than regional background levels.

e Based on radioisotope dating, net sedimentation rates in subtidal areas of Shelton Harbor
average approximately 0.30 + 0.06 cm/yr, at the low end of net sediment deposition rates
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measured throughout Puget Sound (roughly 0.5 to 2 cm/yr; Carpenter et al. 1985; Lavelle et
al. 1985; see Section 3.6). At these rates, it would take approximately 15 to 30 years for CoC
concentrations in the top 10 centimeters (cm) of subtidal sediments to decline by 50 percent,
depending on the degree of surface sediment mixing and bioturbation. Observed declines
between 2008 and 2017 in subtidal surface sediment dioxin/furan TEQ concentrations in the
Shelton Harbor SCU are consistent with this measured sedimentation rate, and also suggest
that there has been relatively little mixing/bioturbation of subtidal surface sediments over the
last few decades. These data reveal that a portion of the more highly contaminated sediment
from pre-1970 legacy releases remain in surface and subsurface sediments of the Shelton
Harbor SCU.
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3 Cleanup Requirements

Consistent with WAC 173-340-430, this IAP has been developed to achieve cleanup standards for
portions of the Oakland Bay and Shelton Harbor Sediments Cleanup Site. The interim action is also
intended to be consistent with the SCU-wide CAP, which will be developed in 2019. In this situation,
the interim action also needs to be compatible with habitat restoration plans. Interim action
construction will be coordinated with habitat construction as practicable, but the cleanup action will
not depend on the habitat restoration to meet cleanup standards.

The MTCA regulations and SMS provide that a cleanup action must comply with cleanup levels for
CoCs at the points of compliance. Site-specific cleanup standards are summarized in the following
sections, along with delineation of sediment management areas (SMAs) in both the northern and
southern portions of the Shelton Harbor SCU. Cleanup action objectives and applicable or relevant
and appropriate requirements, based on federal and state laws (WAC 173-340-710) that the interim
action must meet, are also briefly summarized at the end of this section.

3.1 Sediment Management Standards Cleanup Levels

Cleanup standards consist of the following: 1) cleanup levels that are protective of human health and
the environment; 2) the point of compliance at which the cleanup levels must be met; and 3)
additional regulatory requirements from applicable state and federal laws. Site-specific cleanup
standards are developed for the protection of the benthic community, human health, and upper
trophic-level wildlife, as discussed in the following sections.

3.1.1 Protection of the Benthic Community

Sediment cleanup levels for benthic community protection are based on SMS bioassay criteria (WAC
173-204-562(3)). The proposed site-specific bioassay cleanup level is the SCO criterion (Table 3-1).
Evaluation of compliance with the biological criteria in the Shelton Harbor SCU uses the 2008 and
2017 bioassay results and other supporting information. As discussed in Section 2.3, based on the
weight of evidence of these combined data (i.e., SPI results showing a healthy benthic community,
oxygenated conditions, no visible wood, improved larval bioassay methods, recent natural recovery),
all the northern Shelton Harbor area within the footprint of northern habitat restoration project is
considered to meet the SCO bioassay cleanup level. However, the SCO bioassay cleanup level is
currently exceeded in localized active log rafting operational areas in southern Shelton Harbor, as
well as in historical log rafting areas within the southwestern corner of the harbor (Figure 2-2).

As discussed in Section 2.2, historical (2000 to 2005) sampling of the marine railway area in the
northern harbor also identified a localized exceedance of the SCO chemical criterion for copper (390
milligrams per kilogram [mg/kg]), as well as localized areas of elevated TBT concentrations in the
upper intertidal zone. While there is no promulgated SMS criterion for TBT, detailed evaluations of
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sediment TBT exposure and toxicity in Seattle’s East Waterway resulted in the development of a risk-
based benchmark for the protection of the benthic invertebrate community from sediment TBT of 7.5
mg/kg, normalized to the organic carbon content of the sediment (OC-normalized; Windward and
Anchor QEA 2014). Historical sampling of the marine railway area in the northern harbor identified
localized TBT concentrations in the upper intertidal zone exceeding this benchmark.

3.1.2 Protection of Human Health

The SMS regulation as updated in 2013 provides a process for developing site-specific cleanup levels
for protection of human health from fish and shellfish consumption as well as incidental sediment
ingestion and direct contact, considering risk-based threshold concentrations as well as comparisons
with background concentrations and practical quantitation levels (PQLs). SMS sediment cleanup
levels for human health protection are summarized in the following sections.

3.1.2.1  Fish and Shellfish Consumption

Based on recent cleanup projects in other similar areas of Puget Sound, SMS risk calculations for
protection of human health from dioxin/furan TEQ associated with potential fish and shellfish
consumption are very low—typically below both the natural background level and the PQL. For
example, calculated risk-based threshold concentrations of dioxin/furan TEQ in surface sediments
that would be protective of potential human seafood consumption at both the Lower Duwamish
Waterway and Western Port Angeles Harbor sites are less than 1 ng/kg (LDWG 2012;

NewFields 2013). These calculated concentrations are below the Puget Sound natural background
level (4 ng/kg; Ecology 2017b), the PQL (5 ng/kg), and the draft South Puget Sound regional
background level (19 ng/kg; Ecology 2017a). A site-specific risk-based dioxin/furan TEQ sediment
cleanup level for fish and shellfish consumption protection was not developed for this IAP because
under any reasonable maximum exposure scenario applicable to Shelton Harbor, calculated values
would be well below the PQL and background concentrations. Therefore, under the SMS framework
for developing cleanup standards, SMS human health-based sediment cleanup levels for dioxin/furan
TEQ default to PQL and/or background levels, whichever are higher. Regional background-based
cleanup levels are discussed in Section 3.1.4.2.

Similarly, calculated risk-based threshold concentrations of cPAH TEQ in surface sediments that
would be protective of potential human seafood consumption are also below both the natural
background level and the PQL. For example, calculated concentrations of cPAH TEQ in surface
sediments that would be protective of potential human seafood consumption at both the Lower
Duwamish Waterway and Western Port Angeles Harbor sites are less than 1 pg/kg (LDWG 2012;
NewFields 2013), below the PQL (9 pg/kg), the Puget Sound natural background level (21 pg/kg;
Ecology 2017b), and the draft South Puget Sound regional background level (78 pug/kg; Ecology
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2017a). Thus, SMS human health-based sediment cleanup levels for cPAH TEQ also default to PQL
and background levels discussed in Section 3.1.4.2.

While relatively high sediment TBT concentrations have the potential to pose human health risks
associated with fish and shellfish consumption, detailed evaluations of sediment TBT exposure and
toxicity in Seattle’s East Waterway concluded that the primary risk posed by TBT is to the benthic
community (Windward and Anchor QEA 2014). Moreover, these evaluations reveal that achieving the
risk-based benchmark for the protection of the benthic invertebrate community from sediment TBT
exposure (7.5 mg/kg OC) by addressing localized accumulations of TBT (in this case within the
northern harbor marine railway area; see Section 3.1.1) would also protect human health as well as
upper trophic-level wildlife.

3.1.2.2 Sediment Ingestion and Direct Contact

Ecology (2017b) developed risk-based sediment concentrations that are protective of human health
from a range of incidental ingestion and direct contact pathways associated with child beach play,
adult subsistence clam digging, and adult subsistence net fishing. The most conservative risk-based
sediment concentrations developed by Ecology for these pathways (dioxin/furan TEQ = 15 ng/kg;
cPAH TEQ = 75 pg/kg?) are slightly lower than the draft South Puget Sound regional background
levels (Ecology 2017a).

3.1.3  Protection of Upper Trophic-Level Wildlife

Risk calculations for protection of upper trophic level species (e.g., fish, birds, and mammals) are
usually above both regional background levels and risk levels that are protective of human health
(Windward and Anchor QEA 2014). Thus, by protecting human health and achieving regional
background, upper trophic-level species will also be protected, obviating the need for this IAP to
develop cleanup levels for higher trophic-level receptors.

Both Shelton Harbor and Port Angeles Harbor are characterized by similar historical CoC sources
(e.g., wood burning and hog fuel boiler operations, pulp mill, bleaching, and sawmill facilities,
wastewater discharges from industrial and public-owned treatment works), as well as similar
historical transport pathways (e.g., currents and tidal fluctuations; Herrera 2010; Ecology &
Environment and NewFields 2012). Existing surface sediment dioxin/furan and PAH concentrations
and associated “fingerprint” patterns in these two harbors are also similar, further supporting
comparability between these sites. The Port Angeles Harbor Marine Environment: Sediment
Investigation Report and Screening Level Human Health and Ecological Risk Assessment (Ecology &
Environment and NewfFields 2012) included a quantitative evaluation of potential risks of

2 Note that the U.S. Environmental Protection Agency (EPA 2017) recently relaxed the cancer potency factor for cPAHs by
approximately 7-fold, which is not reflected in Ecology's (2017b) SCUM II calculations (i.e., risk-based cPAH TEQ concentrations are
now approximately 7-fold higher, further underscoring the protectiveness of human health-based cPAH TEQ cleanup levels)
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dioxin/furan and PAH exposure to upper trophic-level wildlife from bioaccumulation (e.g., ingestion
of prey and incidental ingestion of sediment). The Port Angeles Harbor ecological risk assessment
evaluated three piscivorous species (double-crested cormorant [Phalacrocorax auritus], harbor seal
[Phoca vitulina], and bald eagle [Haliaeetus leuCoCephalus]), as well as three omnivorous species
(brant [Branta bernicula), greater scaup [Aythya marila], and common raccoon [Procyon lorot]). The
risk assessment used conservative exposure parameters for the species evaluated, providing
guantitative risk characterization results for dioxin/furan and PAH exposures using current toxicity
reference values. The Port Angeles Harbor ecological risk assessment concluded that there were no
unacceptable dioxin/furan or PAH risks for any of the species evaluated. Because of similarities
between these sites (e.g., similar estuarine and nearshore habitats), similarly low ecological risks are
likely present in Shelton Harbor, further underscoring that protection of human health will also
protect upper-trophic-level species in Shelton Harbor.

3.1.4 Background

3.14.1 Natural Background

Puget Sound natural sediment background concentrations of dioxin/furan TEQ (4 ng/kg) and cPAH
TEQ (21 pg/kg) have been developed by Ecology and other regulatory agencies in sediment
remediation and dredge disposal guidance (DMMP 2009; Ecology 2017b). Nearly all surface
sediments within and adjacent to the Shelton Harbor SCU exceed natural background criteria for
both dioxin/furan TEQ and cPAH TEQ (Figures 2-3 and 2-4, respectively).

3.1.4.2 Regional Background

In 2013, Ecology revised the SMS regulations (Chapter 173-204 WAC) to establish a new framework
for identification and cleanup of sediment sites. A key component of that framework was the concept
of regional background sediment concentrations, which represents the concentration in surface
sediment that is technically possible to maintain. This concept recognizes that some chemicals are
ubiquitous in urban environments (e.g., from stormwater runoff and aerial deposition), which would
result in recontamination of cleaned up sediments (Ecology 2017b). The SMS allows adjustment of
the sediment cleanup level from natural background (the SCO) up to regional background (the CSL)
to practicably protect human health and the environment at sediment sites located within urban
settings such as Shelton Harbor, when the calculated risk-based concentrations and PQL are less
than background concentrations. The SMS includes a definition for regional background and
parameters for establishing regional background (WAC 173-204-560[5]):

“Regional Background” means the concentration of a contaminant within a
department-defined geographic area that is primarily attributable to diffuse
sources, such as atmospheric deposition or storm water, not attributable to a
specific source or release (WAC 173-204-505[16]).
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Ecology recently developed regional background levels for several Puget Sound areas, including
draft values for South Puget Sound, to support progress on sediment cleanup projects. As discussed
in the South Puget Sound Regional Background: Draft Final Data Evaluation and Summary Report
(Ecology 2017a), the South Puget Sound regional background levels for dioxin/furan TEQ (19 ng/kg)
and cPAH TEQ (78 pg/kg) apply to the Shelton Harbor SCU, consistent with the SMS definition
above. Like the natural background comparison discussed above, much of the Shelton Harbor SCU
contains surface sediments that exceed these regional background levels, particularly for
dioxin/furan TEQ (Figure 2-3). Point of compliance considerations for comparison with these cleanup
levels are discussed in Section 3.3.

3.2 Site-Specific Sediment Cleanup Levels

Sediment cleanup levels for the Shelton Harbor SCU were developed for all Shelton Harbor CoCs
identified in Section 2.2, including toxicity from wood debris breakdown products, dioxin/furan TEQ,
cPAH TEQ, copper, and TBT. In accordance with Sediment Cleanup User’s Manual Il (SCUM II; Ecology
2017b), cleanup levels for each CoC were selected from the highest of regional/natural background,
benthic protection, human health/upper-trophic-level risk, or the PQL. Table 3-1 summarizes
site-specific sediment cleanup levels. Human health risk-based cleanup levels for dioxin/furan TEQ
and cPAH TEQ are based on background concentrations because calculated risk-based values and
PQLs are below background. For sites where background concentrations are proposed as cleanup
levels because risk-based concentrations are below background, Ecology considers the SCO to be
natural background, while the CSL is recognized to be regional background.

As discussed in SCUM II (Ecology 2017b), the site-specific sediment cleanup level can be adjusted
upward from the SCO to a value no greater than the CSL based on the following considerations:

e Technical possibility: whether it is technically possible to achieve a sediment cleanup level at
the applicable point of compliance within the Site or SCU (WAC 173-204-560(2)(a)(ii)(A)).
e Net adverse environmental impacts: whether meeting a sediment cleanup level will have a net

adverse environmental impact on the aquatic environment.

Technically possible is defined as “...capable of being designed, constructed and implemented in a
reliable and effective manner, regardless of cost” (WAC 173-204-505(23)). Technical possibility
depends on a variety of site-specific factors that include the ability to achieve the sediment cleanup
level using available technologies. Although achieving the SCO is technically possible at least for a
short post-construction period, ongoing non-point sources (not under the control of PLPs) of cPAH
TEQ, and potentially also dioxin/furan TEQ, are likely to increase the post-construction surface-
weighted average concentration (SWAC) to concentrations greater than the natural background SCO.
Thus, the inability to maintain natural background-based SCOs for bioaccumulative CoCs renders the
SCO technically impossible to achieve under WAC 173-204-505(23). Ecology (2017a) established
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draft regional background for South Puget Sound (including Shelton Harbor) in recognition that it is
not technically possible to maintain natural background-based SCOs for dioxin/furan TEQ and cPAH
TEQ within the urbanized areas of South Puget Sound (see SCUM II Section 7.2.3.2; Ecology 2017b).

The draft south Puget Sound regional background report establishes regional background values for
dioxin/furan TEQ of 19 ng/kg, and for cPAH TEQ of 78 ug/kg (Ecology 2017a). Because the study's
intent was to identify concentrations due to diffuse nonpoint sources, it did not include areas of
known point sources such as Shelton Harbor. In contrast to the regional background value of

78 ug/kg, the current SWAC for cPAH TEQ in Shelton Harbor is approximately 52 ug/kg. The lower
SWAC value in Shelton Harbor is likely because a large area within central Shelton Harbor contains
very low levels of contaminants due to ongoing contribution of clean sediments from Goldsborough
Creek. Therefore, it appears to be technically possible to maintain a SWAC value lower than regional
background for cPAH TEQ in Shelton Harbor.

The determination of net adverse environmental impacts is based on whether meeting the cleanup
level will have a net adverse impact, considering short- and long-term positive and adverse impacts
of cleanup actions on natural resources, including shellfish, forage fish, aquatic habitat, and
restoration and enhancement opportunities (WAC 173-204-560(2][a][ii][B]). Targeting portions of the
Shelton Harbor SCU by establishing the site-specific sediment cleanup levels above the SCO for
bioaccumulative CoCs would reduce risks more rapidly by focusing active remediation on the higher
concentration areas and avoiding extensive disturbance of lower-concentration sediments. The
duration of adverse impacts on natural resources and habitat associated with remedial construction
would be more limited, and the natural recovery of the rest of the SCU would be accelerated.

Therefore, based on considerations of net adverse environmental impacts, as well technical
impossibility as outlined above, the site-specific SWAC-based sediment cleanup levels for
bioaccumulative CoCs in the Shelton Harbor SCU are appropriately set as follows (Table 3-1):

e Dioxin/furan TEQ = 19 ng/kg (South Puget Sound regional background level; Ecology 2017a)
e cPAH TEQ = 52 pg/kg (current SWAC for cPAH TEQ in Shelton Harbor)

Separate considerations of net adverse environmental impacts based on the short- and long-term
positive and negative effects of cleanup actions on natural resources, as required under WAC 173-
204-560(2)(a)(ii)(B), apply to benthic community protection. For example, potential sediment toxicity
impacts on natural resources resulting from setting site-specific benthic chemical criteria at levels
greater than the SCO must be appropriately balanced with construction impacts during and after
remediation. For benthic toxicity, the SCO is the criterion at which no adverse effects occur, including
no acute or chronic adverse effects on biological resources. The CSL is the minor adverse effects
level, which is the minimum level to be achieved in all cleanup actions under the SMS. Because of the
more localized exceedances of the benthic SCO in southern portions of the Shelton Harbor SCU
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(Figure 2-2), the site-specific sediment cleanup level for benthic community protection is
appropriately set at the SCO, the level of no adverse effects (Table 3-1).

Table 3-1
Shelton Harbor SCU Cleanup Levels and Remedial Action Levels

Toxicity from | Dioxin/Furan cPAH TBT

Wood Debris TEQ TEQ Copper (mg/kg
Site-Specific Sediment Action Levels Degradation ng/kg Ha/kg mg/kg 00)
Benthic Community Protection? SC0 I-3|oa.\ssay N/A N/A 390 7.5

Criteria
Human Hgaltf; Fish and Shellfish N/A <1 <1 N/A N/A
Consumption
Human Health Sediment Ingestion and N/A 15 75 N/A N/A
Contact?
Upper Trog?lc-LeveI Wildlife N/A N/A N/A N/A N/A
Protection*
Practical Quantitation Limit N/A 5 9 0.1 1
Puget Sound Natural Background
(SCO)? N/A 4 21 N/A N/A
South Puget Sound Regional
Background (CSL; Ecology 2017a)? N/A 19 8 N/A N/A
Existing Shelton Harbor SWAC N/A 29 52 N/A N/A
Sediment Cleanup Level sco .Bloa.\sisay 192 522 390! 7.5!
Criteria
. . 42 Not
Remedial Action Level N/A . . N/A N/A
(Section 3.4) Required

Notes:

1. Sample-specific point of compliance is the top 10 cm
2. SWAC-based point of compliance is the top 10 cm
3. A specific cleanup level for upper trophic-level wildlife protection is not applicable as discussed in Section 3.1.3

3.3 Points of Compliance

Under MTCA, the point of compliance is the point or location within an SCU where cleanup levels
must be attained. For sediments, the vertical point of compliance is the biologically active zone,
which is the depth in surface sediments where most benthic organisms are found and where
bioturbation occurs. For typical subtidal, soft-bottom sediment in Puget Sound, SCUM II

(Ecology 2017b) has established a 10-cm biologically active zone. Site-specific radioisotope (Lead-
210) data collected in south Shelton Harbor (Appendix A; also see Section 3.6) suggest that relatively
little bioturbation and vertical mixing of sediment occurs within the SCU over the top 10 cm.
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As set forth in the SMS, sediment cleanup levels for protection of the benthic community (proposed
to be the SCO bioassay criteria for the Shelton Harbor SCU) apply to individual sampling stations
and, therefore, each station across the cleanup area is evaluated for compliance separately. As
discussed in Section 3.1.1, based on the weight of evidence of the combined 2008 and 2017 data
(i.e., SPI results showing a healthy benthic community, oxygenated conditions, no visible wood,
improved larval bioassay methods, recent natural recovery), all the northern Shelton Harbor area
within the footprint of northern habitat restoration project is considered to meet the SCO bioassay
cleanup level. However, the SCO bioassay cleanup level is currently exceeded in localized active log
rafting operational areas in southern Shelton Harbor, as well as in historical log rafting areas within
the southwestern corner of the harbor (Figure 2-2).

For protection of human health and upper-trophic-level species, SMS cleanup levels apply to the
SWAC across the entire Shelton Harbor SCU. SMS further clarifies that cleanup levels need to be
achieved within at most 10 years following completion of remedial construction (achieving cleanup
levels immediately upon completion of construction is preferred as practicable). As discussed in
Section 2.2, while the 2017 sediment sampling data suggest that subtidal surface sediment
concentrations of dioxin/furan TEQ and cPAH TEQ have declined over the past ten years consistent
with prior source controls and recent natural recovery of these CoCs, not all prior sampling stations
were reoccupied during the 2017 sampling. To provide a conservative estimate of current surface
sediment CoC concentrations across the Shelton Harbor SCU for this IAP, average 2017 and historical
sampling data for collocated stations were used to develop concentration interpolations across the
SCU; historical (2005 to 2008) data were used for stations not sampled in 2017. The combined 2005
to 2017 interpolated sampling data for dioxin/furan TEQ and cPAH TEQ are presented in Figures 2-3
and 2-4, respectively. Based on these data, current SWACs within the Shelton Harbor SCU are
estimated as follows:

e Dioxin/furan TEQ = 29 ng/kg (above the 19 ng/kg regional background-based cleanup level)
e cPAH TEQ = 52 ug/kg (equal to the current SWAC for cPAH TEQ in Shelton Harbor).

Thus, of the two bioaccumulative CoCs, only dioxin/furan TEQ was carried forward in this IAP for
further evaluation of cleanup requirements, as discussed in the following sections.

3.4 Remedial Action Levels

As it relates to the proposed interim actions, the concept of identifying a remedial action level (RAL)
is to identify areas with chemical concentrations above which a cleanup action is needed for the
overall cleanup unit to meet the SWAC-based cleanup levels. To develop initial RALs for dioxin/furan
TEQ that would achieve the SWAC-based regional background concentration immediately after
completion of remedial construction, a “hill-topping” analysis was conducted in which surface
sediment concentrations in the Shelton Harbor SCU were ranked from highest to lowest (using the
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data set presented in Figure 2-3), and the areas with the highest values sequentially replaced with
post-remedy “clean” sediment (natural background level) until the SWAC concentration was reduced
to the regional background-based cleanup level of 19 ng/kg. The hill-topping calculations were
separately performed for the footprint of the northern habitat restoration area (44 acres; Figure 2-1),
as well as the entire Shelton Harbor SCU (198 acres). The hill-topping calculations revealed that a
dioxin/furan TEQ RAL of approximately 42 ng/kg would achieve the cleanup level of 19 ng/kg as a
SWAC across the northern habitat restoration area as well as the Shelton Harbor SCU immediately
following completion of remedial construction. The approximate areas within the northern and
southern portions of the Shelton Harbor SCU that exceed 42 ng/kg are depicted in Figure 2-3.

3.5 Sediment Management Areas

Based largely on the interpolated extent of existing dioxin/furan TEQ concentrations exceeding the
42 ng/kg RAL, three SMAs within the Shelton Harbor SCU, two within the footprint of the northern
habitat restoration area and one in the southwestern harbor, were identified for consideration of
interim actions. Each of these SMAs is described as follows (see Figure 3-1):

¢ SMA-1: Based on the combined 2005 to 2017 data, approximately 4.4 acres in the Shelton
Creek delta (within the footprint of the northern Shelton Harbor habitat restoration project)
are estimated to currently exceed the dioxin/furan TEQ RAL of 42 ng/kg.

e SMA-2: Based largely on historical (2000 to 2005) data, approximately 0.6 acres in the former
marine railway area (also within the footprint of the northern Shelton Harbor habitat
restoration project) are estimated to currently exceed the copper RAL of 390 mg/kg, the TBT
RAL of 7.5 mg/kg OC, and/or the dioxin/furan TEQ RAL of 42 ng/kg (Table 3-1).

e SMA-3: Based on the combined 2005 to 2017 data, approximately 10 acres in the
southwestern harbor (outside of the footprint of the northern Shelton Harbor habitat
restoration project) has recently exceeded the dioxin/furan TEQ RAL of 42 ng/kg (Figure 2-3).
Based on the potential for natural recovery over the past ten years (discussed in Section 2.3),
this IAP contemplates a smaller 3.5-acre remediation area in SMA-3. The footprint of SMA-3
will be further refined as described below.

The extent of all three SMAs will be refined in spring 2018 by sampling surface sediments in these
areas to inform final remedial designs. Note that some of the dioxin/furan TEQ, copper, and TBT data
used to develop preliminary SMA delineations are 10 or more years old; updated data are needed to
refine the extent of the interim action areas.

While interim actions in SMA-1 and SMA-2 would immediately achieve cleanup levels throughout
the footprint of the northern Shelton Harbor habitat restoration project, interim actions in SMA-3
may only partially achieve cleanup levels throughout the rest of the Shelton Harbor SCU. Follow-on
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remedial actions as may be necessary in other areas of the Shelton Harbor SCU will be addressed in
the forthcoming SCU-wide CAP (targeted for 2019).

3.6 Cleanup Action Objectives

Cleanup action objectives consist of chemical- and medium-specific goals for protecting the
environment. The cleanup action objectives specify the media and contaminants of interest, potential
exposure routes and receptors, and proposed cleanup goals for the Shelton Harbor SCU.

Exposure routes to be addressed by cleanup actions in north Shelton Harbor include transport
pathways to benthic receptors, humans, and upper-trophic-level wildlife. Consistent with

WAC 173-340-430, this IAP is intended to be consistent with the final cleanup action. The sediment
cleanup action objectives for this IAP are summarized as follows:

e Eliminate, reduce, or otherwise control to the extent practicable risks to humans and upper-
trophic-level wildlife from ingestion of seafood that may accumulate contaminants from
sediments containing elevated concentrations of dioxins/furans.

¢ Eliminate, reduce, or otherwise control to the extent practicable risks to benthic organisms
through exposure to sediments containing deleterious wood debris degradation products,
copper, and/or TBT that exceed the cleanup levels summarized in Table 3-1.

3.7 Source Control Status

The Oakland Bay Sediment Dioxin Source Study (NewFields 2014) presents a review of sediment
dioxin data in Shelton Harbor and Oakland Bay to identify potential upland sources and transport
pathways using chemometric interpretations of sediment dioxin/furan congener profiles. A main
deduction of that study is that dioxin/furan concentrations remaining in surface sediments within
Shelton Harbor were from historical practices that are no longer occurring. For example, most of the
dioxin/furan deposits detected in Shelton Harbor were either associated with pentachlorophenol, a
chemical currently banned from most industrial uses, or hog fuel burners that have either been
decommissioned or no longer use salt-laden wood. As discussed in Section 2.3, a portion of pre-
1970 legacy releases to Shelton Harbor remain in surface and near-surface sediments within the SCU
and are recovering slowly. Significantly lower dioxin/furan TEQ levels in the top 10 cm of southern
Shelton Harbor subtidal sediments, compared to underlying sediments, corroborates this CSM
(Figure 3-2).

As a condition of the mitigated Determination of Non-Significance under the State Environmental
Policy Act (SEPA) for demolition of former sawmill buildings and construction of new mills, Sierra
Pacific Industries has been capping and closing historical catch basins, storm drain lines, and storm
outfalls that discharged from historic sawmill facilities to Shelton Harbor (City of Shelton 2015).
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These recent actions provide further assurance of effective source control from the former sawmill
facilities to north Shelton Harbor.

The pattern of elevated surface sediment dioxin/furan TEQ levels in the Shelton Harbor SCU further
suggests that the SMA-1 dioxin/furan deposit is attributable to the legacy releases described in the
NewFields source study report, as lower dioxin/furan TEQ levels are present in both Goldsborough
and Shelton Creeks, compared to concentrations in the delta (Figure 2-3). Ecology (2013) noted that
a deposit of former pulp mill and/or sawmill burner “clinker” residues is present on the north bank of
Shelton Creek. Two samples from the clinker material (Ecology 2013) contained an average
dioxin/furan TEQ level of approximately 31 ng/kg, below the 42 ng/kg RAL, but exceeding the 19
ng/kg regional background level (Table 3-1). While the clinker deposit initially may have been a
source of legacy contaminants, it does not appear to be a continuing source. The distinctly different
congener concentrations and proportions (fingerprints) of SMA-1 sediments (Station SH-03) and
samples of the clinker deposit on the Shelton Creek bank indicate that the present-day material
within the clinker deposit is not a significant ongoing source of dioxins/furans to sediments in SMA-1
(Figure 3-3a and 3-3b).

An additional evaluation of the clinker deposit on the Shelton Creek bank is ongoing to also confirm
that this deposit is not a significant ongoing source of dissolved-phase dioxins/furans to Shelton
Harbor (Anchor QEA 2017b). In addition, under Ecology oversight, Simpson and other PLPs will
perform post-construction monitoring of surface sediments to further ensure the protectiveness of
remedial actions, implementing contingency actions as appropriate based on the findings of
post-construction performance monitoring (see Section 6).

3.8 Compliance with Applicable Laws

The interim action in the Shelton Harbor SCU will be performed pursuant to MTCA and the SMS
under the terms of the Agreed Order. In addition to the cleanup standards developed through the
SMS process, other regulatory requirements must be considered in the selection and implementation
of an interim action. MTCA requires cleanup standards to be at least as stringent as all applicable
state and federal laws (WAC 173-340-700(6)(a)). In addition, cleanup standards must ensure
compliance with applicable state and federal laws (WAC 173-340-710(1)). The applicable state and
federal laws may impose certain technical and procedural requirements (including obtaining permits
or approvals) for performing remedial actions. Applicable state and federal laws are identified in this
section. Ecology has not identified any relevant and appropriate requirements that apply to the
interim action.

Pursuant to Revised Code of Washington (RCW) 70.105D.090(1), the interim action is exempt from
the procedural requirements of Chapters 70.94, 70.95, 70.105, 77.55, 90.48, and 90.58 RCW and of

any laws requiring or authorizing local government permits or approvals. However, the interim action
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must comply with the substantive requirements of such permits or approvals. The exempt permits or
approvals and the applicable substantive requirements of those permits or approvals, as they are
known at the time of this IAP, are identified in Section 3.8. Where they are not identified, they will be
determined at the remedial design stage of the interim action.

3.8.1 State Environmental Policy Act

SEPA (RCW 43.21C; WAC 197-11) and the SEPA procedures (WAC 173-802) are intended to ensure
that state and local government officials consider environmental values when making decisions.
Under WAC 197-11-250, MTCA and SEPA procedural requirements are integrated to reduce
duplication and improve public participation, including common public review and comment. SEPA
requires the identification, avoidance, minimization and/or mitigation of environmental impacts
associated with agency permitting or actions such as the interim MTCA cleanup action in north
Shelton Harbor. The impacts from this cleanup have been identified along with requirements to
select construction methods and timing and implementation of best management practices that will
mitigate those impacts that cannot be avoided. Avoidance, minimization, and mitigation measures
identified during preparation of the SEPA checklist are described in a Mitigated Determination of
Non-Significance. Additional avoidance and minimization measures and/or mitigation requirements
identified prior to and during construction must also be met.

3.8.2 Puget Sound Dredged Material Management Program

In Puget Sound, the open-water disposal of sediments is managed under the Dredged Material
Management Program (DMMP), which is administered jointly by Ecology, Corps, the U.S.
Environmental Protection Agency (EPA), and the Washington State Department of Natural Resources.
The DMMP developed the Puget Sound Dredge Disposal Analysis protocols, which include testing
requirements to characterize whether dredged sediments are appropriate for unconfined, open-
water disposal. The results of this characterization are formalized in a written suitability
determination from the Dredged Material Management Office. As discussed in Section 4.1 below, the
DMMP has made past determinations that sediments with concentrations like those in SMA-1 to
SMA-3 are not suitable for unconfined, open water disposal.

3.8.3 Shoreline Management Act

The Shoreline Management Act (RCW 90.58) and its implementing regulations establish
requirements for developments on the shorelines of the state. A substantial development shall not
be undertaken on shorelines of the state without first obtaining a permit from the government entity
having administrative jurisdiction. Any development must be consistent with the policy of RCW
90.58.140, and the applicable guidelines, rules, or master program.
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3.84 Washington Hydraulics Code

The Washington Hydraulics Code (WAC 220-110) establishes requirements for the construction of
any hydraulic project or the performance of any work that will use, divert, obstruct, or change the
natural flow or bed of any of the salt or fresh water of the state. The code also creates a program
requiring Hydraulic Project Approval (HPA) permits for any activities that could adversely affect
fisheries and water resources. Timing restrictions and technical requirements under the hydraulics
code are applicable to dredging, capping, and placement of post-dredge residual covers.

3.8.5 Federal Clean Water Act

The Clean Water Act (CWA) is the primary federal law for protecting water quality from pollution. The
CWA regulations provide requirements for the discharge of dredged or fill material to waters of the
United States and are applicable to any in-water work. The CWA regulations also prescribe
permitting requirements for point source and non-point source discharges. Acute criteria are
relevant and appropriate requirements for discharges to marine surface water during sediment
dredging, as well as for return flows (if necessary) to surface waters from dewatering operations.

3.8.5.1 Construction Stormwater Permit

Section 402 of the CWA requires a permit for discharge of pollutants pursuant to 33 United States
Code (USC) § 1342 that is likely to apply to construction stormwater from the cleanup. Construction
activities that disturb one acre or more of land need to comply with the provisions of construction
stormwater regulations. Ecology has determined that a construction stormwater general permit does
not meet the requirements for the permit exemptions in RCW 70.105D.090, and thus a project-
specific construction stormwater permit will be required if land disturbance greater than one acre is
necessary (e.g., for equipment staging areas). As needed, a construction stormwater general permit
would be obtained during the remedial design process, supplemented as appropriate by the

remedial contractor.

3.8.5.2  Corps of Engineers Section 404 Permit

Section 404 of the CWA requires permits from the Corps for discharges of dredged or fill material
into waters of the United States, including wetlands (33 USC § 1344). CWA Section 404(b)(1) requires
an alternatives analysis as part of the permitting process. Requirements for all known, available, and
reasonable technologies for treating waste water prior to discharge to state waters are applicable to
any dewatering of marine sediment prior to upland disposal.

The cleanup action may qualify for a Corps Nationwide Permit for Cleanup of Hazardous and Toxic
Waste (NWP) 38, as appropriate. Otherwise, the cleanup action may qualify for the full permitting
process under 33 USC § 1344,
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3.8.5.3 Clean Water Act Section 401 Water Quality Certification

CWA Section 401 requires the state to certify that federal permits are consistent with water quality

standards (33 USC § 1341). If the cleanup action is permitted under NWP 38, a formal

401 certification would not be needed. Instead, the project would be subject to NWP 38 conditions,
and Ecology would ensure that the project is consistent with water quality standards via regulatory
oversight under this IAP.

3.8.6 Washington Water Pollution Control Act

Ecology has promulgated statewide water quality standards under the Washington Water Pollution
Control Act (RCW 90.48). Under these standards, all surface waters of the state are divided into
classes (Extraordinary, Excellent, Good, and Fair) based on the aquatic life uses of the water bodies.
Water quality criteria are defined for different types of pollutants and the characteristic uses for each
class of surface water. The standards for marine waters are applicable to discharges to surface water
during sediment dredging or capping, and return flows (if necessary) to surface waters from
dewatering operations.

3.8.7 Archaeological and Historic Preservation Act

The Archaeological and Historic Preservation Act (16 USC § 496a-1) is applicable if any covered
materials are discovered during excavation or dredging activities performed as a part of the selected
sediment cleanup action. Early in the remedial design and permitting of the cleanup action, Simpson,
in consultation with the Washington Department of Archaeology and Historic Preservation and the
Squaxin Island Tribe, will further evaluate areas where cleanup-related disturbance of cultural
resources may occur, including capping, dredging, staging and mooring areas, and transport routes
as appropriate. More detailed cultural resource evaluations, as necessary, will be integrated with
studies for engineering design as practicable.

3.88 Health and Safety

Sediment cleanup construction activities will be performed in accordance with the requirements of
the Washington Industrial Safety and Health Act (RCW 49.17) and implementing regulations, as well
as the federal Occupational Safety and Health Act and implementing regulations (29 CFR §§ 1910,
1926). These applicable regulations include requirements that workers are to be protected from
exposure to contaminants and that excavations are to be properly shored. A health and safety plan
would be developed as part of the engineering design and remedial action processes.

3.9 Exemptions from Procedural Requirements

Interim action construction in the Shelton Harbor SCU, as required by this IAP, will be performed
under the existing Agreed Order between Ecology and Simpson, in which Ecology’s approvals will
address substantive requirements of state and local regulations as outlined as follows.
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3.9.1 City of Shelton Shoreline Master Program

The cleanup action will take place within the City of Shelton. Ecology has consulted with city planning
staff on the substantive requirements of the Shoreline Master Program in developing this IAP. The
capping and dredging alternatives considered in this IAP are permissible actions under the Shelton
Shoreline Master Program. For example, Section 5.6.2 allows “cleanup and/or disposal of
contaminated sediments as part of an interagency environmental cleanup plan”, and states that "fill in
shoreline areas is required to be ‘sand, gravel, soil, rock, crushed concrete or a similar material".
Dredging waterward of the ordinary high water mark is allowed for environmental cleanup activities
(Section 6.18.3). Section 6.21.2 allows structural stabilization measures (e.g., bulkheads/rip-rap) to
protect hazardous substance remediation projects only when nonstructural measures, vegetation, or
on-site drainage improvements are not feasible or sufficient; and that the stabilization structure will
not result in a net loss of shoreline ecological functions.

The preferred alternative under this IAP (capping) will utilize sand and gravel fill. Dredging is not a
preferred alternative. A bulkhead is not proposed. Vegetation and non-structural stabilization
measures will be evaluated in the design planning for the shoreline slope at SMA-3. Ecology will
continue to consult with the City of Shelton during the remedial design phase of the interim action
to ensure that all substantive requirements are met.

3.9.2 Hydraulic Project Approval Permit

Ecology has also consulted with the area habitat biologist for the Washington State Department of
Fish and Wildlife regarding the substantive requirements for the HPA Permit and with tribal
biologists on specific fish closure periods; requirements may be refined during the remedial design
phase. The substantive requirements that have been identified to date for planning purposes include
the following:

e Authorized in-water construction windows to protect juvenile salmonids in the Shelton Harbor
SCU are from July 15 to February 15.
e There are no known baitfish spawning areas within or adjacent to the Shelton Harbor SCU.

Ecology will continue to consult with the Washington State Department of Fish and Wildlife during
the remedial design phase of the interim action to ensure that all substantive requirements are met.
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4

Interim Action Alternatives and Comparative Evaluation

This section builds on the CSM developed in Section 2.3 and the cleanup requirements in Section 3

to develop and compare remedial alternatives for Shelton Harbor SMA-1 to SMA-3. Specifically, this

section summarizes potentially viable sediment cleanup technologies for the Shelton Harbor SCU

(Section 4.1), presents an engineered cap design evaluation for SMA-1 to SMA-3 (Section 4.2),

develops Shelton Harbor interim action alternatives (Section 4.3), presents a detailed comparative

analysis of these alternatives consistent with MTCA/SMS requirements (Section 4.4), and identifies

the recommended sediment interim action remedy (Section 4.5).

4.1 Cleanup Technologies

Remedial technologies and sediment remediation practices are relatively well established for

sediment cleanup sites in Puget Sound, and common remedial technologies are listed in the SMS
rule (WAC 173-204-570(4)(b)) and described in Section 12.4.3 of SCUM II (Ecology 2017b). Table 4-1
summarizes the technology screening for the Shelton Harbor interim actions based on the

technologies listed in the SMS rule.

Table 4-1

Remedial Technology Screening

Remedial Technology
(173-204-570(4) (b))

Screening Determination

(i) Source controls in
combination with other cleanup
technologies

Eliminated. Extensive historical source control work in Shelton Harbor has
eliminated sources sufficiently to allow in-water remediation work to proceed
(see Section 3.6). Further sampling and analysis will be performed under the
Agreed Order (including additional sampling in the clinker deposit area as well
as post-construction sediment monitoring) to further confirm that effective
source controls are in place.

(ii) Beneficial reuse of site
sediments

Eliminated. There is a lack of currently viable beneficial uses for contaminated
sediments.

(iii) Treatment to immobilize,
destroy, or detoxify
contaminants

Eliminated. While promising in situ treatment technologies such as activated
carbon amendments are available to control the bioavailability of CoCs such as
dioxin/furan TEQ, site-specific evaluations of such amendments in Shelton
Harbor have not been completed. In situ treatment may be evaluated in more
detail as part of the forthcoming SCU-wide CAP, if it can be shown to be
effective.

(iv) Dredging and disposal in an
upland engineered facility that
minimizes subsequent releases
and exposures to contaminants

Retained. Demonstrated to be effective in similar Puget Sound sites. Based on
the most recent sediment core data collected as part of the RI/FS,
approximately two feet of subsurface contaminated sediment is present in
SMA-1 and SMA-2; approximately 10 feet of subsurface contaminated sediment
is present in much of SMA-3. Following removal, the pre-construction grade
would need to be restored to mitigate habitat disturbances.
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Remedial Technology
(173-204-570(4) (b))

Screening Determination

(v) Dredging and disposal in a
nearshore, in-water, confined
aquatic disposal facility

Eliminated. No current facility exists in the Shelton area. However, as
appropriate, nearshore, in-water, confined aquatic disposal will be evaluated in
more detail as part of the SCU-wide CAP.

(vi) Containment of
contaminated sediments in
place with an engineered cap

Retained. Capping is expected to be an effective technology, based on similar
Puget Sound sites and contaminant transport modeling. Detailed site-specific
cap designs are presented in Section 4.2.

(vii) Dredging and disposal at an
open water disposal site
approved by applicable state
and federal agencies

Eliminated. The DMMP has made past determinations that sediments with
concentrations like those in SMA-1 to SMA-3 are not suitable for unconfined,
open water disposal.

(viii) Enhanced natural recovery
(ENR)

Retained. ENR (i.e., placement of thin layer of sand to augment natural
recovery) has been demonstrated to be effective at similar Puget Sound sites.
Time trends and deposition observations in the Shelton Harbor SCU indicate
that surface sediments are relatively stable. Site-specific chemical transport
modeling presented in Section 4.2 suggests that an ENR layer could effectively
isolate the underlying sediments.

(ix) Monitored natural recovery
(MNR)

Retained. Time trends and deposition observations indicate that surface
sediments are relatively stable, but at an average sedimentation rate of 0.30 +
0.06 cm/yr, MNR is proceeding relatively slowly within the Shelton Harbor SCU.
MNR is applicable to relatively lower concentration areas of the SCU.

(x) Institutional controls and
monitoring

Retained. Institutional controls and monitoring are important aspects of all
alternatives. However, consistent with MTCA/SMS rules, institutional controls
and monitoring are not employed as stand-alone technologies, but are used in
conjunction with other cleanup technologies.

Thus, the resulting list of remedial technologies retained for further evaluation in this IAP include the

following:

e Dredging and disposal in upland facility

e Engineered capping

e Enhanced natural recovery (ENR)

¢ Monitored natural recovery (MNR)

Institutional controls and monitoring are part of all alternatives. To further support the development

of protective interim action alternatives for the Shelton Harbor SCU, a site-specific cap design

evaluation was performed, as summarized in the following section.

4.2 Cap Design Evaluation

This section describes preliminary cap design for SMA-1 to SMA-3, developed in accordance with the

following detailed EPA and Corps guidance for in situ capping:

e Guidance for Subaqueous Dredged Material Capping (Palermo et al. 1998a)
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e Assessment and Remediation of Contaminated Sediments (ARCS) Program Guidance for In Situ
Subaqueous Capping of Contaminated Sediments (Palermo et al. 1998b)

These documents provide detailed procedures for cap design. Importantly, caps designed following
the EPA and Corps guidance have been demonstrated to be protective of human health and the
environment (EPA 2005). For the purposes of this IAP, and consistent with EPA and Corps guidance, a
preliminary cap design for SMA-1 to SMA-3 was developed based on consideration of the following
four components:

e Chemical isolation and bioturbation

e Erosion protection

¢ Consolidation

¢ Constructability considerations (e.g., placement accuracy)

Each of these considerations are discussed in the following sections.

421 Chemical Isolation and Bioturbation

A preliminary cap design analysis was conducted to identify cap chemical isolation layer
requirements to maintain surface sediment dioxin/furan TEQ concentrations below the regional
background level of 19 ng/kg (Table 3-1) within SMA-1. This analysis was performed in accordance
with Corps and EPA sediment cap design guidance (Palermo et al. 1998a, 1998b).

Consistent with current EPA (2005) guidance, this cap design evaluation used the one-dimensional
steady-state model of chemical transport within sediment caps developed by Dr. Danny Reible (Texas
Tech University), based on the steady state analytical solution to the governing equations. Details on
the model structure and underlying theory and governing equations for the steady-state model were
published in “An Analytical Modeling Approach for Evaluation of Capping of Contaminated Sediments”
(Lampert and Reible 2009). The steady-state model has been used to support the evaluation and
design of sediment caps at Superfund sediment cleanup sites throughout the United States (e.g.,
Hudson River, New York; Lower Fox River, Wisconsin; Lower Willamette River, Oregon), and has also
been used at MTCA/SMS cleanup sites in Washington State (e.g., Port Gamble Bay, Bellingham Bay).

The Reible model simulates the fate and transport of chemicals (dissolved and sorbed phases) under
the processes of bioturbation, advection, diffusion, dispersion, biodegradation, and exchange with
the overlying surface water, as generally depicted in Figure 4-1. Steady-state predictions provide a
useful means of assessing long-term contaminant profiles within a cap, although the time to reach
the steady-state concentrations will vary depending on the chemical characteristics of the
contaminant, sediment geochemical conditions, and subsurface hydrogeology. For this analysis, the
fate and transport of all 17 dioxin/furan congeners was simulated. Model-predicted steady-state
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concentrations of the individual congeners at the cap surface were then used to calculate the
dioxin/furan TEQ concentration as follows in Equation 1:

Equation 1

17
D/FTEQ = Z C; X TEF,

=1
where:
C = model-predicted dioxin or furan congener concentration
TEF = World Health Organization toxic equivalency factor for each dioxin/furan

congener (unitless) (Van den Berg et al. 2006)

The cap design model uses several input parameters that describe site-specific conditions,
chemical-specific properties, cap material properties, and chemical mass transport rates. These input
parameters were based on site-specific data, information from literature, and cap designs
successfully constructed at other similar sites. For this evaluation, the maximum detected surface
sediment dioxin/furan TEQ concentration measured in the Shelton Harbor SCU (Station SH-03
[Figure 2-3]; 2017 sampling; 287 ng/kg TEQ) was input into the model to ensure a protective cap
design. A listing of model inputs is provided in Tables 4-2 and 4-3.

Table 4-2
Input Parameter Values for Chemical Isolation Cap Modeling

Model Input Parameter Value Data Source

Chemical-specific Properties

Log Koc values calculated from Kow values reported in
See Table 4-3 Govers and Krop (Govers and Krop 1998) using Di Toro
(Di Toro 1985) relationship

OC partitioning coefficient, log
Koc (log L/kg)

Calculated based on the molecular weight of the
compound using the correlation identified from

e 5 i
Water diffusivity (cm?/s) See Table 4-3 Environmental Organic Chemistry (Schwarzenbach et al.
1993)
Chemical biodegradation rate 0 Assumed no degradation

Calculated from the maximum surface sediment

See Table 4-3 and concentration measured in Shelton Harbor (location
Appendix A SH-03; 2017 sampling) using equilibrium partitioning;

total OC level of 3.8% measured at this location

Chemical porewater
concentration in underlying
sediment (ug/L)

Cap Properties

Assumed placement of 6 inches of sand; refined as

Cap thickness (cm Design parameter
b (cm) 'gn p necessary based on model results
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Model Input Parameter

Value

Data Source

Porosity

0.4

Typical value for sand
(e.g., Domenico and Schwartz 1990)

Fraction OC of cap material (%)

Design parameter

Assumed typical regional quarry value (0.1%); refined as
necessary based on model results

Fraction OC of bioturbation

Surface sediment level at station SH-03, representing

zone (%) 38 sediment that will deposit on the cap
Mass Transport Properties
Boundary layer mass transfer Typical vaILfe used for capping design (e.g., RelbI.e
coefficient (cm/hn) 0.75 2012); consistent with range of values measured in
Ic! other systems (e.g., Thibodeaux et al. 2001)
Groundwater seepage Darcy . Based on r.eglonaI. hydrogeological evaluat|ons.||.'1.
. 0.1to1.0 similar estuarine settings; evaluated range as sensitivity
velocity (cm/d) .
analysis
Deposition rate (cm/yr) 0t 0.30 Averaged measure(_i values are 0.30 + 006 cm/yr; b.ut
also evaluated a wider range as a sensitivity analysis
Representing tidal mixing with an increased dispersion
coefficient is a common approach in groundwater
. . modeling (e.g., La Licata et al. 2011); based on tidal
Dispersion Length (cm) 3 range of approximately 10 feet (NOAA 2017),
dispersivity is based on 20% of model domain length
(cap thickness)
Bioturbation zone thickness 10 Typical value for cap design (e.g., Clarke et al. 2001;
(cm) Reible 2012); consistent with SMS (Ecology 2017a)
Porewater biodiffusion _Parameter represe_nts bioturbation rate applled tg
coefficient (cm?/yr) 940 dissolved phase; typical value used for capping design
(e.g., Reible 2012)
Particle biodiffusion coefficient P_arameter represehts bioturbation rate applles to.
9.4 particulate phase; typical value used for capping design

(cm?2/yr)

(e.g., Reible 2012)
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Table 4-3

Chemical-Specific Model Input Parameters

log Koc Molecular Weight Dw Surface Sediment Calculated Porewater
Chemical (log L/kg) (g/mol) (cm?/s) Concentration (ng/kg) Concentration (pg/L)

2,3,7,8-TCDD 6.8 3220 4.5E-06 3.76) 1.4E-08 J
1,2,3,7,8-PeCDD 74 356.4 4.2E-06 26.4 2.9E-08
1,2,3,4,7,8-HxCDD 7.8 390.9 3.9E-06 41.2 1.7E-08
1,2,3,6,7,8-HxCDD 7.8 390.9 3.9E-06 346 1.3E-07
1,2,3,7,8,9-HxCDD 7.8 390.9 3.9E-06 108 4.1E-08
1,2,3,4,6,7,8-HpCDD 83 4253 3.7E-06 8,990 ) 1.3E-06 J
OCDD 8.6 459.8 3.5E-06 108,000 J 7.1E-06 )
2,3,7,8-TCDF 6.4 306.0 4.6E-06 134 1.6E-07
1,2,3,7,8-PeCDF 6.9 3404 4.3E-06 19.5 6.9E-08
2,3,4,7,8-PeCDF 7.0 3404 4.3E-06 60.4 1.6E-07
1,2,3,4,7,8-HxCDF 74 374.9 4.0E-06 181 1.9-07
1,2,3,6,7,8-HxCDF 74 3749 4.0E-06 58 5.5E-08

1,2,3,7,8,9-HxCDF 7.6 3749 4.0E-06 277U 1.7E-09 U
2,3,4,6,7,8-HxCDF 7.5 374.9 4.0E-06 102 8.1E-08
1,2,3,4,6,7,8-HpCDF 7.9 409.3 3.8E-06 2,600 9.1E-07
1,2,3,4,7,8,9-HpCDF 81 409.3 3.8E-06 146 3.1E-08
OCDF 85 4438 3.6E-06 11,800 1.1E-06

Total Dioxin/Furan TEQ (U = 1/2) -- -- -- 287 ) --
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The steady-state model predicts that a 6-inch sand cap isolation layer with relatively low total OC
content (0.1%) will maintain long-term dioxin/furan TEQ concentrations in the top 10 cm (vertical
average) of the cap to below the regional background dioxin/furan TEQ of 19 ng/kg (Table 4-4). As
discussed in Section 3.3, site-specific radioisotope (Lead-210) data collected in south Shelton Harbor
suggest that relatively little bioturbation and vertical mixing of sediment occurs within the SCU over
the top 10 cm, even though benthic community feeding voids were observed at depths greater than
10 cm in SPI surveys. The 6-inch cap incorporates a 10-cm bioturbation layer.

The protectiveness of a 6-inch combined bioturbation/chemical isolation layer is also corroborated
by vertical sediment CoC profiles; that is, significantly lower dioxin/furan TEQ levels are present in the
top 10 cm of Shelton Harbor sediments compared to underlying sediments, consistent with the CSM
(Figure 3-2). A 6-inch-thick cap isolation layer would also be protective over the range of possible
groundwater flow rates (0.1 to 1 cm/day), and net sedimentation rates (0 to 0.30 cm/year). Using the
highest potential groundwater flux (1 cm/day) and lowest (zero) deposition rate, the model predicts
the steady-state dioxin/furan TEQ in the top 10-cm to be at the regional background concentration
of 19 ng/kg. Considering more realistic groundwater flow and site-specific measured net sediment
deposition rates, the model-predicted concentrations within the cap surface would be well below the
19 ng/kg TEQ regional background-based cleanup level.

Table 4-4
Steady-State Model Results for a 6-inch Chemical Isolation/Bioturbation Layer
Variable Madel Inputs Model-predicted Steady-State
Darcy Flux (cm/d) Deposition Rate (cm/yr) Dioxin/Furan TEQ (ng/kg)*
0.1 0.30 2.2E-06
1 0.30 0.014
0.1 0 2.2
1 0 19

Notes:
1. Vertical average in the top ten centimeters of sediment

4.2.2 Erosion Protection

In addition to chemical isolation, an erosion analysis was performed to calculate the stable grain size
of capping material within SMA-1 to SMA-3. This analysis builds on a similar analysis performed for
the Oakland Bay Habitat Restoration project, which includes the SMA-1 and SMA-2 footprint
(Anchor QEA 2017a). SMA-1 and SMA-2 overlap with the north marsh and west marsh areas
delineated in that analysis; however, as a conservative simplifying assumption, only the results for the
north marsh area are presented here because it has higher erosion forces than the west marsh area.
The erosion protection analysis focused on resisting forces produced by wind and waves. The Corps'’
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automated coastal engineering system revetment module (Leenknecht et al. 1992) was used to
estimate the stable sediment sizes under wave attack®, using a stability formula like the one
developed by Hudson (1958). The SMA-1 and SMA-2 areas have existing slopes of approximately ten
horizontal to one vertical (LOH:1V). The automated coastal engineering system revetment calculation
assumes a steeper slope (6H:1V) resulting in a more conservative stable sediment size of one inch
(median grain size diameter or Dso) for the protection layer. These steeper slopes also apply to the
proposed SMA-3 embankment cap (see Section 4.3.2).

For suitable armor protection, the thickness of the armor layer needs to be at least double the
median grain size (Dso), or two inches (Palermo et al. 1998b). However, given constructability
considerations (see Section 4.2.4), and to provide an additional factor of safety to ensure protection,
the cap armor layer is assumed to have a minimum thickness of six inches.

The gravel armor layer requires an underlying sand filter layer to restrict the movement of finely
grained native sediments through the armor. For gravel armor materials with a one- to two-inch Dso,
the underlying filter layer would need to have a Dso of approximately 0.1 inches. The thickness of the
filter layer is assumed to be at least six inches to perform the function of chemical isolation

(Section 4.2.1) and for constructability (Section 4.2.4).

4.2.3 Consolidation

The cap materials are anticipated to be granular and to undergo elastic settlement within the period
of construction, with negligible additional consolidation settlement after construction. Therefore, no
additional thickness is included to account for long-term cap consolidation. However, the softer silty
sand sediments that underlie the cap would consolidate up to several inches following placement of
the cap. Porewater flux associated with this post-construction subgrade consolidation was
considered in the chemical isolation thickness design outlined in Section 4.2.2.

4.24  Constructability Considerations

Given the inherent difficulties in achieving accurate placement tolerances for in-water construction,
an additional thickness (overplacement allowance) is typically specified in capping contracts. Based
on anticipated material placement equipment (mechanical clamshell or skip box), along with recent
experience at other similar thin layer sand placement and capping projects (e.g., 2015 to 2017 Port
Gamble Bay cleanup project), regional capping contractors can accurately place sand and gravel
within a thickness tolerance of approximately two to three inches. Thus, an additional three inches of
material would likely need to be placed to achieve the required design thickness for each cap layer.

3 Refinements to preliminary cap designs and long-term monitoring and maintenance requirements addressing these and other
potential forces, such as earthquakes, would be developed during design.
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4.2.5 Preliminary Cap Design Specifications

Based on the site-specific cap design analyses summarized above, preliminary SMA-1 to SMA-3 cap
design specifications are summarized in Table 4-5. The preliminary cap design consists of placement
of six inches of sand (Dso = 0.1 inches) as a combined chemical isolation and filter layer and
placement of an additional six inches of gravel (Dso = one inch) as a combined armor and
bioturbation layer. The total minimum design thickness is twelve inches, plus an average
overplacement of three inches for each layer. The total placement thickness of the SMA-1 to SMA-3
caps would thus average approximately 18 inches.

Table 4-5
Cap Design Specifications
Cap Layer Thickness of Armored Cap
Erosion Protection (Armor) and Bioturbation 6 inches (Dsp = 1 to 2 inches)
Chemical Isolation and Filter Layer 6 inches (Dsp = 0.1 inches)

Armor Layer: 3 inches
Overplacement ) . .
Isolation/Filter Layer: 3 inches

Total Placed Thickness (Average) 18 inches

If capping is selected as the SMA-1 to SMA-3 interim action, the specifications will be refined as part
of remedial design.

4.3 Shelton Harbor Interim Action Alternatives

This section assembles the technologies screened in Section 4.1 into interim action alternatives for
Shelton Harbor SMA-1 to SMA-3. As described in Section 3.4, the prospective Shelton Harbor interim
action area comprises three SMAs totaling approximately 8.2 acres (Figure 3-1):

e SMA-1: Approximately 4.4 acres in the Shelton Creek delta
e SMA-2: Approximately 0.6 acres in the former marine railway area
¢ SMA-3: Approximately 3.5 acres in the southwestern harbor

For each of these SMAs, the four retained remedial technologies (dredging, capping, ENR, and MNR)
were combined into corresponding interim action alternatives, as described in the following sections.

4.3.1 Alternative 1 — Dredging

Alternative 1 consists of the removal of all contaminated sediment from SMA-1 to SMA-3

(Figure 4-2). Based on available sediment coring data in SMA-1 (Station SH-03), sediments in SMA-1
and SMA-2 that exceed the 42 ng/kg dioxin/furan TEQ RAL likely extend approximately two feet
below mudline (Appendix A), while contaminated sediments in much of SMA-3 likely extend
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approximately 4 to 10 feet below mudline, depending on the location (see Figure 5-4). An additional
one-foot overdredge allowance for constructability along with a 20 to 30 percent side slope
allowance (depending on the depth of cut) has been assumed for volume and cost estimating
purposes (see Table B-2). Removal of the SMA-1 to SMA-3 deposits would result in approximately
81,000 cubic yards (cy) of dredged material. Backfill of the dredge cut with an equivalent volume of
sand and/or gravel material would contain anticipated post-removal dredging residuals (Bridges et
al. 2010), and would also restore pre-construction grade. Backfill materials would be supplied from a
local quarry and likely barged to Shelton Harbor. Additional delineation of required dredge thickness
would be performed during remedial design as necessary.

Removal would likely be conducted using a barge-mounted mechanical excavator or equivalent
equipment. All dredged material would be placed onto a transport barge and transported to a
regional sediment transload facility (e.g., in Tacoma or Seattle) for loading on to rail cars for disposal
at a permitted subtitle D landfill (e.g., in eastern Washington).

The Alternative 1 cost is estimated at approximately $29 million, including removal, disposal,
backfilling, and construction monitoring, and would likely require approximately three years of
in-water construction (Appendix B).

4.3.2 Alternative 2 — Engineered Capping

Alternative 2 consists of engineered capping to isolate contaminated sediments within SMA-1 to
SMA-3 (Figure 4-3). Capping involves placing granular material to provide chemical confinement and
to physically isolate contaminated material to protect biological receptors (e.g., benthic infauna,
forage fish, and crabs). As discussed in Section 4.2.1, placement of an average thickness of 18 inches
of sand and gravel materials is needed to withstand erosive forces generated by wind and wave
action, physically isolate contaminated material from biological receptors, and contain the flux of
CoCs into the bioactive zone. In SMA-3, additional cap thickness (to 3 feet) would be placed to
create a stable embankment slope. Approximately 23,000 cy of capping material would be required
in SMA-1 to SMA-3. Using materials supplied from local upland quarries, cap material could be
placed either using barge-mounted mechanical placement equipment (i.e., mechanical clamshell or
skip box), or with land-based equipment (i.e., amphibious excavators, dozers, and/or conveyor
equipment).

The Alternative 2 cost is estimated at approximately $1.9 million, including placement and
performance monitoring of an engineered cap in SMA-1 to SMA-3, along with long-term monitoring
and maintenance, and would likely require approximately three months of in-water construction
(Appendix B).
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4.3.3 Alternative 3 — Enhanced Natural Recovery

Alternative 3 consists of placement of an ENR layer over SMA-1 to SMA-3 (Figure 4-4). ENR involves
the placement of approximately four inches (10 cm) of suitable sand or sediment to accelerate the
natural recovery process and reduce surface concentrations to below the RALs. ENR is often applied
in areas where natural recovery may be an appropriate remedy, yet the rate of sedimentation or
other natural processes is insufficient to reduce potentially unacceptable risks within an acceptable
time frame. ENR includes the implementation of active remediation measures or further monitoring
and analysis if cleanup levels are not achieved in a reasonable restoration time frame. ENR layers are
designed to potentially mix with underlying sediment, thereby diluting sediment CoC concentrations.
ENR layers are not designed to be completely isolating, in contrast to an engineered cap.

Radioisotope dating performed in the Shelton Harbor SCU reveals that the average sedimentation
rate in the SCU is approximately 0.3 + 0.06 cm/year, providing a relatively slow natural recovery (i.e.,
a half time in surface sediments of approximately 10 to 30 years (see Section 2.3). To achieve cleanup
standards within a reasonable time frame in SMA-1 to SMA-3, some placement is likely necessary.
The ENR alternative would place a minimum of four inches of sand material, described above in
Section 4.2.2, sourced from a local quarry. Considering overplacement allowances, the average
placed thickness would be approximately six inches. Thus, the total volume of ENR material placed in
SMA-1 to SMA-3 would be approximately 6,000 cy, likely placed in the same fashion as described for
Alternative 2.

The Alternative 3 cost is estimated at approximately $1.1 million, including mechanical placement
and long-term verification monitoring of the ENR layer, and would likely require approximately one
month of in-water construction (Appendix B).

4.3.4 Alternative 4 — Monitored Natural Recovery

Alternative 4 consists of MNR within SMA-1 to SMA-3. As discussed in Section 4.1, MNR relies on the
natural deposition of sediments to reduce contaminant concentrations to meet cleanup levels in the
biologically active zone. Because of the relatively low sedimentation rates in north Shelton Harbor,
the dioxin/furan TEQ RAL in these three SMAs would likely not be achieved for at least 50 years.
Long-term monitoring costs are estimated at approximately $1.4 million (Appendix B).

4.4 Detailed Analysis of Alternatives

The SMS evaluation criteria are specified in WAC 173-204-570, which evaluates the cleanup action
alternatives under the SMS and provides the basis for selecting a preferred alternative. The following
sections summarize minimum MTCA/SMS requirements, present the MTCA disproportionate cost
analysis (DCA), and from the DCA identify the preferred sediment remediation alternative for north
Shelton Harbor.
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4.4.1 Minimum Requirements

Cleanup actions performed under SMS must comply with eleven minimum requirements under
WAC 173-204-570(3). This section discusses MTCA/SMS minimum requirements for alternatives.

4411 Compliance with Cleanup Standards

Under SMS, compliance with cleanup standards represents the measure of whether and when an
alternative has reduced risk sufficiently to protect human health and the environment. Site-specific
sediment cleanup levels summarized in Section 3.2 were developed to protect human health, the health
of the benthic community, and ecological (higher trophic level species) health under WAC 173-204-560
through 564. Therefore, compliance with cleanup standards is used to evaluate the minimum
requirements of “protection of human health and the environment” (WAC 173-204-570(3)(a)),
“compliance with cleanup standards” (WAC 173-204-570(3)(c)), and to “provide for a reasonable
restoration time frame” (WAC 173-204-570(3)(e)).

Alternatives 1 through 3 are expected to meet cleanup levels in the northern harbor immediately
following construction. Consistent with WAC 173-204-570(5)(a), these alternatives are considered to
have a reasonable restoration time frame and meet these three minimum requirements. Due to
elevated starting concentrations and the rate of natural recovery, Alternative 4 would have an
extended restoration time frame and therefore does not meet these minimum requirements.

As discussed in Section 3.5, the scope of the SMA-3 interim action will be refined during remedial
design. Follow-on remedial actions as may be necessary in other areas of the Shelton Harbor SCU
will be addressed in the forthcoming SCU-wide CAP (targeted for 2019).

44.1.2 Other Minimum Requirements
The achievement of other minimum requirements is summarized as follows:

e All alternatives comply with all applicable laws as summarized in Section 3.7
(WAC 173-204-570(3)(b)).

e Source control measures are not necessary for any of the interim action cleanup alternatives
(WAC 173-204-570(3)(f)) because the historical sources of site-related contamination no
longer exist.

e A sediment recovery zone is not expected to be necessary for Alternatives 1 through 3
because cleanup standards would be achieved within ten years following construction
(WAC 173-204-570(3)(g)). Alternative 4 would require a sediment recovery zone.

e Alternatives 1 through 3 do not exclusively rely on MNR or institutional controls
(WAC 173-204-570(3)(h)). Alternative 4 does not meet this minimum requirement, and
therefore was eliminated from further consideration in the DCA.

e This IAP will undergo appropriate public review and comment by affected landowners and the
general public (WAC 173-204-570(3)(i)).
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e All alternatives include adequate monitoring to ensure effectiveness of the cleanup action
(WAC 173-204-570(3)())).

e All alternatives leave some contamination in place, which will be subject to periodic reviews
under WAC 173-204-570(3)(k).

The DCA summarized in the next section addresses the minimum requirement of “using permanent
solutions to the maximum extent practicable” (WAC 173-204-570(3)(d)).

4.4.2 Disproportionate Cost Analysis

MTCA and SMS specify that preference shall be given to cleanup actions that are permanent
solutions to the maximum extent practicable. Identifying an alternative that is permanent to the
maximum extent practicable requires weighing costs and benefits. SMS uses the MTCA DCA

(WAC 173-340-360(3)(e)) as the tool for comparing each remedial alternative’s incremental
environmental benefits with its incremental costs. The DCA is the primary method by which the
alternatives are systematically compared to each other in this IAP. Under MTCA, costs are considered
disproportionate to benefits when the incremental costs of an alternative exceed the incremental
benefits compared to other, lower cost, protective alternatives. Alternative 4 is not included in the
DCA because it did not satisfy SMS minimum requirements for protectiveness.

Seven MTCA criteria, which are listed in WAC 173-340-360(3)(f), are used to evaluate and compare
remedial alternatives when conducting the DCA. Under SMS, each criterion is not equal in the DCA
evaluation and, therefore, is assigned a relative weight for the DCA. Consistent with recent DCA and
equivalent evaluations performed by Ecology at similar Puget Sound sediment cleanup sites (e.g.,
Bellingham Bay, Fidalgo Bay, and Lower Duwamish Waterway), the first six evaluation criteria are
weighted and assigned a score for total benefits; those total benefits are then summed and
compared with costs of the alternatives, using the following weighting:

e Protectiveness (30% of total benefit score)

e Permanence (20% of total benefit score)

e Effectiveness over the long term (20% of total benefit score)

e Management of short-term risks (10% of total benefit score)

e Technical and administrative implementability (10% of total benefit score)
e Consideration of public concerns (10% of total benefit score)

e Cost (compared to total benefits as above)

The following sections describe the methodology and rationale for evaluating the remedial
alternatives under each criterion. Total benefit scores and costs are shown in Table 4-6 and plotted in
Figure 4-5. For scoring purposes, criteria were ranked numerically from 1 to 5, with 1 representing
the lowest score or benefit and 5 representing the highest score or benefit.
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Table 4-6

Disproportionate Cost Analysis

Criterion

Site-Specific Considerations

Alternative 1

Alternative 2

Alternative 3

Removal

Engineered Capping

ENR

Protectiveness

30%

Overall protectiveness of human health and the
environment, including the degree to which existing risks are
reduced, time required to reduce risk at the facility and
attain cleanup standards, on-site and offsite risks resulting
from implementing the alternative, and improvement of the
overall environmental quality

Protection of human health (regional
background for dioxins/furans) and
protection of the benthic community

As discussed in Section 4.4.1.1, Alternatives 1 through 3 are expected to meet cleanup levels in the
northern harbor immediately following construction. The scope of the SMA-3 interim action will be refined
during remedial design. Follow-on remedial actions as may be necessary in other areas of the Shelton
Harbor SCU will be addressed in the forthcoming SCU-wide CAP (targeted for 2019). Alternative 3 is the
least protective because the ENR layer may be subject to erosion

Total ‘ Score

5.0

5.0

3.0

Permanence

20%

The degree to which the alternative permanently reduces
the toxicity, mobility or volume of hazardous substances,
including the adequacy of the alternative in destroying the
hazardous substances, the reduction or elimination of
hazardous substance releases and sources of releases, the
degree of irreversibility of waste treatment process, and the
characteristics and quantity of treatment residuals generated

Certainty and reliability the alternative will
not result in future releases to the
biologically active zone

Dredging removes most
contaminated sediment, but
some resuspension and
residuals may occur during
construction

Engineered caps permanently
isolate contaminated sediment;
monitoring verifies protectiveness
in the long term

ENR sand placement has been
demonstrated to be protective at
other Puget Sound sites; however,

contaminated sediment is not

completely isolated from the
biologically active zone;
contaminated sediment could be
exposed by wind/wave forces

Total Score

5.0

4.0

2.0

Effectiveness
over the Long
Term

20%

When assessing the relative degree of long-term
effectiveness of cleanup action components, the following
types of components may be used as a guide, in descending
order:

(i) Source controls in combination with other cleanup
technologies

(ii) Beneficial reuse of the sediments

(iii) Treatment to immobilize, destroy, or detoxify
contaminants

(iv) Dredging and disposal in an upland engineered facility
that minimizes subsequent releases and exposures to
contaminants

(v) Dredging and disposal in a nearshore, in-water, confined
aquatic disposal facility

(vi) Containment of contaminated sediments in-place with an
engineered cap

(vii) Dredging and disposal at an open water disposal site
approved by applicable state and federal agencies

(viii) Enhanced natural recovery

(ix) Monitored natural recovery

(x) Institutional controls and monitoring

Remedial technologies used

Dredging with Backfill

Engineered Capping

ENR

Total Score

5.0

3.0

1.0
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Alternative 1

Alternative 2

Alternative 3

Management of

Criterion Site-Specific Considerations Removal Engineered Capping ENR
Risk to human health
and s'afety and I’ISk'S to Cc?nstruct|on 370 58 15
environment during time (days)
construction
. . . (proportional to
The risk to human health and the environment associated Score 1 4 5

with the alternative during construction and

construction time)

) 10% . . i .
Short-term Risks implementation, and the effectiveness of measures that will Time to achieve As discussed in Section 4.4.1.1, Alternatives 1 through 3 are expected to meet cleanup levels in the
be taken to manage such risks Site risks duri cleany northern harbor immediately following construction. The scope of the SMA-3 interim action will be refined
Ite ris S ur.mg standarZs during remedial design. Follow-on remedial actions as may be necessary in other areas of the Shelton
restoration time Harbor SCU will be addressed in the forthcoming SCU-wide CAP (targeted for 2019).
Score 5 5 5
Total (average) Score 3.0 4.5 5.0
All work is technically feasible;
there are challenges related to All work is technically feasible; All work is technically feasible;
the mobilization of marine- there are challenges related to there are challenges related to the
Technical feasibility to Performance based equipment and logistics the mobilization of marine-based mobilization of marine-based
implement related to transloading and equipment and logistics related to | equipment and logistics related to
disposal of contaminated transloading transloading
Technical and administrative implementability. Ability to be sediment
implemented including consideration of whether the
Lo . . - Score 2 4 4
Technical and alternative is technically possible, availability of necessary - — _
Administrative 10% offsite facilities, services and materials, administrative and All work is administratively
o . . . . implementable; there are . - . . - .
Implementability regu!ato.ry reqwrements, scheduling, size, com.plexrcy, . hall P lated t it All work is administratively All work is administratively
monltorlr\g rngremgnts, aC(':ess fgr CO’fSt.rUCt'O’? Pperatlons icn 3\/:tr;gre;cr)fka eerfgrfn(ei;ml\/vclyr;i implementable; there are implementable; there are
and mgnltorlng, and integration with e).(|st|ng fac.|I|ty . Admin ] Performance within the e’str;blished "%‘ish challenges related to permitting | challenges related to permitting in-
operations and other current or potential remedial actions . Im'n'StraEX'e window." and additional in-water work and performing water work, performing work
implementability o . work within the established "fish- within the established "fish-
permitting or contaminated . " . "
. ) window window
sediment transloading
operations
Score 3 4 4
Total (average) Score 2.5 4.0 4.0
Consistency with land
Whether the community has concerns regarding the use, protection of - Public may question the
. . . . . . Public likely to support . .
alternative and, if so, the extent to which the alternative users, habitat Public likely to support removal engineered permanent isolation effectiveness of thin-layer
Consideration of 10% addresses those concerns. This process includes concerns restoration, certainty Performance of contaminated sediment from ofgcontaminF;ted sediment. but placement and the certainty that
Public Concerns ? from individuals, community groups, local governments, of technology to the harbor slightly less than remov’al contaminants are isolated in the
tribes, federal and state agencies, or any other organization permanently improve long term
that may have an interest in or knowledge of the site the environment
Total Score 5 3 2
Total Weighted Benefits 4.6 4.1 2.6
Cost $29,000,000 $1,900,000 $1,100,000
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44.21 Protectiveness
WAC 173-340-360(3)(f)(i) defines protectiveness as follows:

Overall protectiveness of human health and the environment, including the

degree to which existing risks are reduced, time required to reduce risk at the
facility and attain cleanup standards, on-site and off-site risks resulting from
implementing the alternative, and improvement of the overall environmental

quality

Consistent with DCAs used by Ecology at other Puget Sound sediment cleanup sites, the
protectiveness of each remedial alternative was scored based on the anticipated human health and
ecological risk reductions during and following remedial actions (i.e.,, compared to the regional
background and SCO benthic criteria). All alternatives achieve regional background dioxin/furan TEQ
concentrations and achieve protection of the benthic community (benthic SCO) within SMA-1 to
SMA-3, but Alternative 3 is the least protective as the ENR layer may be subject to erosion.

As shown in Table 4-6, Alternatives 1 and 2 protect human health and the environment by rapidly
reducing concentrations to protective levels; each of these alternatives score 5 out of 5 for this
criterion. Alternative 3 scores 3 out of 5 for this criterion.

44.2.2 Permanence
WAC (173-340-360)(3)(f)(ii) defines permanence as follows:

The degree to which the alternative permanently reduces the toxicity, mobility,
or volume of hazardous substances, including the adequacy of the alternative
in destroying the hazardous substances, the reduction or elimination of
hazardous substance releases and sources of releases, the degree of
irreversibility of waste treatment process, and the characteristics and quantity
of treatment residuals generated

Permanence is scored based on the certainty and reliability that an alternative will not result in future
releases to the biologically active zone. Alternative 1 is designed to provide permanence as it would
remove all contaminated material to the extent practicable, and includes backfill to contain
anticipated dredging residuals. While some CoCs may not be removed and some resuspension may
occur during dredging (Bridges et al. 2010), Alternative 1 scores 5 of 5. Alternative 2 scored slightly
lower (4 of 5) because CoCs would be contained in place; caps designed following EPA and Corps
guidance have been demonstrated to be permanent (EPA 2005). Alternative 3 scored the lowest (2 of
5) based on the possible disturbance of placed ENR material and because the ENR layer is not

designed to provide permanent isolation.
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4.4.2.3

Effectiveness over the Long Term

As part of the long-term effectiveness evaluation, SMS provides a preferential hierarchy of remedial

technologies, which replaces a similar upland-oriented list in MTCA, as follows:

When assessing the relative degree of long-term effectiveness of cleanup action
components, the following types of components may be used as a guide, in
descending order, in place of the components listed in WAC 173-340-360
3)(D(wv):

(i) Source controls in combination with other cleanup technologies
(ii) Beneficial reuse of the sediments
(iii) Treatment to immobilize, destroy, or detoxify contaminants

(iv) Dredging and disposal in an upland engineered facility that minimizes
subsequent releases and exposures to contaminants

(v) Dredging and disposal in a nearshore, in-water, confined aquatic disposal
facility

(vi) Containment of contaminated sediments in-place with an engineered
cap

(vii) Dredging and disposal at an open water disposal site approved by
applicable state and federal agencies

(viii) Enhanced natural recovery
(ix) Monitored natural recovery

(x) Institutional controls and monitoring (WAC 173-204-570(4)(b))

All alternatives provide institutional controls and monitoring as necessary to maintain effectiveness

in the long term. For this criterion, the alternatives were ranked in the order consistent with the

MTCA/SMS regulations: Alternatives 1, 2, and 3 scored 5, 3, and 1, respectively.
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4424 Management of Short-term Risk

Management of short-term risk considers impacts during construction, and the risks remaining on
site during the restoration time frame. WAC 173-340-360(3)(f)(v) defines management of short-term
risk as follows:

The risk to human health and the environment associated with the alternative
during construction and implementation, and the effectiveness of measures
that will be taken to manage such risks

As summarized in Table 4-6, the remedial alternatives were evaluated based on short-term risks
during construction, also considering risks associated with sediment concentrations exceeding the
RAL until cleanup levels are achieved.

During remedial construction, multiple short-term risks are present: risks to human health from
worker safety, impacts to the benthic community during placement and removal activities, and
impacts to the water column during removal activities. The magnitude of impacts on human health
and the environment during construction are generally proportional to the construction time frame
for each alternative. The construction time frames range from approximately 380 days for Alternative
1 to 16 days for Alternative 3, and score 1, 4, and 5 for Alternatives 1 through 3 respectively.

The restoration time frame provides a general measure for the risks due to remaining contaminated
sediment on site. Because Alternatives 1 through 3 all achieve cleanup levels within 10 years
following construction, they all score a 5 for this criterion.

4425 Technical and Administrative Implementability
WAC 173-340-360(3)(f)(vi) defines technical and administrative implementability as follows:

Ability to be implemented including consideration of whether the alternative is
technically possible, availability of necessary off-site facilities, services and
materials, administrative and regulatory requirements, scheduling, size,
complexity, monitoring requirements, access for construction operations and
monitoring, and integration with existing facility operations and other current
or potential remedial actions

As summarized on Table 4-6, both technical and administrative implementability are scored based
on a narrative evaluation of the technical and administrative challenges of each alternative.

For technical implementability, all alternatives require the mobilization of marine construction
equipment and the development or use of transload facilities for moving material to and from land.
Alternative 1 scores the lowest because of the need to coordinate removal and disposal of
contaminated material, given that the closest available transload facilities for contaminated
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sediments are in Tacoma and Seattle. Alternative 2 scores higher because of the need to only furnish
and place clean capping material; local sand/gravel quarries and transload facilities are available in
the Shelton area. The highest score was given to Alternatives 2 and 3 because they only require
furnishing and placement of clean material. For this criterion, Alternatives 1, 2, and 3 scored 2, 4, and
4, respectively.

For administrative implementability, all alternatives require permitting for performing in-water
construction activities. Alternative 1 scored the lowest (3) due to the complexity involved in
permitting both removal and contaminated sediment transloading. Alternatives 2 and 3 both scored
higher than Alternative 1 (4), because they both require permitting of marine filling activities, but do
not involve the transport of contaminated sediment. In addition, they are both compatible with the
Shelton Harbor habitat restoration project, which includes filling within the SMA-1 area.

44.2.6 Consideration of Public Concerns
WAC 173-340-360(3)(f)(vii) defines consideration of public concerns as follows:

Whether the community has concerns regarding the alternative and, if so, the
extent to which the alternative addresses those concerns. This process includes
concerns from individuals, community groups, local governments, tribes, federal
and state agencies, or any other organization that may have an interest in or
knowledge of the site

Generally, public concerns may regard the certainty that the cleanup protects human health and the
environment in the most permanent manner practicable. Alternative 1 scores highest (5 out of 5)
because dredging has been previously demonstrated effective and permanent over a wide range of
conditions. Alternative 2 scores 3 out of 5 because, although capping has been previously
demonstrated to permanently isolate material, the public often equates removal as a more protective
option. Alternative 3 scores lower (2 out of 5) because of potential public concerns that ENR may not
fully isolate the contaminated material from the bioactive zone and disturbance could result in the

release of contaminated material.

44.2.7 Total Benefits and Costs

Total benefit scores and costs are shown in Table 4-6 and plotted in Figure 4-5. For SMA-1 to SMA-3,
the total weighted benefits range from 2.6 for Alternative 3, to 4.1 for Alternative 2, to 4.6 for
Alternative 1. Estimated costs increase from $1.1 million for Alternative 3, to $1.9 million for
Alternative 2, to $29 million for Alternative 1 (detailed cost estimates are provided in Appendix B). As
summarized in Figure 4-5, while total weighted benefits increase proportionately to costs between
Alternatives 3 and 2, the cost of Alternative 1 is disproportionately costly compared to Alternative 2
relative to the incremental benefits provided.
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4.5 Recommended Interim Action Remedy

Based on the analysis described in Section 4, Alternative 2, Engineered Capping, provides the most
benefits that are not disproportionately costly. Thus, Alternative 2 is the recommended sediment
interim action remedy for the Shelton Harbor SCU. Under this recommended alternative,
contaminated sediments within SMA-1 to SMA-3 will be capped with a chemical isolation/filter layer
(Dso = 0.1 inches) overlain by an erosion protection/bioturbation layer (Dso = 1 to 2 inches). Subject
to final design refinements, the total cap thickness including overplacement allowances would be
approximately 18 inches. In SMA-3, additional cap materials (approximately 3-foot-thick) would be
placed to create a stable embankment slope. Material specifications will be refined during design in
coordination with permitting agency and stakeholder reviews to optimize habitat functions.

Approximately 23,000 cy of capping material would be required in SMA-1 to SMA-3. Using materials
supplied from local upland quarries, cap material could be placed either using barge-mounted
mechanical placement equipment (i.e., mechanical clamshell or skip box), or with land-based
equipment (i.e., amphibious excavators, dozers, and/or conveyor equipment).

Consistent with Chapter 70.105D Revised Code of Washington, as implemented by Chapter 173-340
WAC (MTCA Cleanup Regulation), the recommended interim sediment cleanup action is protective of
human health and the environment, will attain federal and state requirements that are applicable or
relevant and appropriate, complies with cleanup standards, and provides for compliance monitoring.
The recommended interim action also satisfies the preference expressed in WAC 173-340-360 for the
use of permanent solutions to the maximum extent practicable and provides for a reasonable
restoration time frame.

The recommended interim sediment cleanup action was identified consistent with MTCA and SMS
alternatives evaluation and remedy selection criteria. Those criteria include the following:

¢ Compliance with SMS Minimum Requirements: The recommended interim action complies
with the minimum requirements, which include protecting human health and the environment
and complying with the cleanup standards in a reasonable restoration time frame (cleanup
standards will be met within 10 years following completion of remedial construction).

e Use of Permanent Solutions to the Maximum Extent Practicable: As described in
Section 4.4.2 and summarized in Figure 4-1, the recommended interim action uses permanent
solutions to the maximum extent practicable and has costs commensurate with the benefits
based on the findings of the DCA. The recommended alternative will achieve significant
human health and environmental benefits at a cost (approximately $1.9 million) that is not
disproportionate. Lower-cost alternatives provide less environmental benefit compared with
the recommended alternative, and higher-cost alternatives include minimal additional
benefits.
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Consistent with WAC 173-340-430, the recommended interim sediment cleanup action remedy will
achieve cleanup standards for portions of the Shelton Harbor SCU, and is intended to be consistent
with the final cleanup action to be developed in a forthcoming SCU-wide CAP, currently targeted to
be prepared in 2019. The recommended interim action will restore surface sediments in the
biologically active zone to achieve cleanup standards. The recommended remedy is expected to
sequester contaminants below the placed sand and gravel layers.
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5 Interim Action Implementation Plans

Implementation of interim actions in the Shelton Harbor SCU will begin with the development of a
Remedial Design Work Plan (RD Work Plan) to be approved by Ecology under the existing Agreed
Order. Among other elements, the RD Work Plan will describe any remaining data collection efforts
necessary to complete engineering design of the interim action. For example, surface sediments in
SMA-1 to SMA-3 would be sampled in early 2018 to refine the current extent of exceedance of the
Table 3-1 RALs to inform final remedial designs (note that some of the dioxin/furan TEQ and copper
data used to develop preliminary SMA delineations are ten or more years old; updated data are
needed to refine the extent of the interim action areas). The RD Work Plan would also describe
planned cap design refinements (e.g., to ensure stability during earthquakes) and development of
detailed plans and specifications for remedial construction.

As summarized in Section 3.8.5.2, subject to Corps review, the cleanup action may qualify for
permitting under NWP 38. The RD Work Plan will describe coordination and sequencing of the
interim action with the Oakland Bay Habitat Restoration project (Anchor QEA 2017a). For example, to
ensure protectiveness, construction of cleanup actions (i.e., engineered caps) will precede habitat
restoration actions. The relationship of SMA-1 and SMA-2 cleanup caps with follow-on habitat
restoration actions in these areas is depicted in Figures 5-1 and 5-2, respectively.

Subject to permitting schedules, construction of the SMA-1 to SMA-3 caps is currently targeted for
summer/fall 2018. Rerouting of the Shelton Creek delta and construction of the lagoon and western
salt marsh lobe adjacent to Sierra Pacific Industries is also currently targeted for summer/fall 2018.
Construction of the remainder of the Oakland Bay Habitat Restoration project depicted in Figure 2-1
is targeted for 2020 or later, subject to funding.

As discussed above, separate from the Oakland Bay Habitat Restoration project, additional cap
materials would be placed in SMA-3 to create a stable intertidal embankment slope and adjacent
subtidal cap. A preliminary plan and section of the SMA-3 interim action is depicted in Figures 5-3
and 5-4, respectively. These preliminary designs would be refined in early 2018 based on more
detailed engineering design and permitting requirements,
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6 Interim Action Compliance Monitoring

Compliance monitoring and contingency responses (as needed) will be implemented in accordance
with WAC 173-340-410, Compliance Monitoring Requirements. The RD Work Plan would describe
development of a detailed Construction Quality Assurance Project Plan (CQAP) and Operations,
Maintenance, and Monitoring Plan (OMMP). The objective of these plans is to confirm that cleanup
standards have been achieved, and also to confirm the long-term effectiveness of interim cleanup
and source control actions in the Shelton Harbor SCU. The plans will contain discussions on duration
and frequency of monitoring, the trigger for contingency response actions, and the rationale for
terminating monitoring. The three types of compliance monitoring to be conducted include the

following:

¢ Protection Monitoring: To confirm that human health and the environment are adequately
protected during the construction period of the interim action

e Performance Monitoring: To confirm that the interim action has attained site-specific
cleanup standards and other performance standards

¢ Confirmation Monitoring: To confirm the long-term effectiveness of the cleanup and source
control actions once performance standards have been attained

Cleanup levels and associated points of compliance for the cleanup action are described above in
Section 3.

6.1 Monitoring Objectives and Rationale

Monitoring would be performed to determine whether cleanup standards have been achieved
during and after the interim cleanup action. Three broad categories of compliance monitoring would
be performed as follows:

e Water Quality (Protection and Confirmation Monitoring): During the interim action,
construction controls and protection monitoring would be implemented as practicable to
ensure surface water quality protection within Shelton Harbor. Detailed monitoring and
contingency response requirements will be described in the CQAP and OMMP to be prepared
as a part of remedial design as approved by Ecology.

¢ Physical Limits and Integrity (Performance and Confirmation Monitoring): Bathymetric
performance monitoring would be conducted during the interim action to guide the limits of
construction activities. Following completion of construction, physical confirmation
monitoring of sediment cap surfaces would be performed to verify that caps are not
substantially eroded over time by natural and/or anthropogenic forces. During these
confirmation monitoring events, sediment cap thickness would be assessed and compared
with the minimum required thickness determined during remedial design to ensure integrity
of the caps to protect human health and the environment (Palermo et al. 1998a, 1998b).
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Again, detailed monitoring and contingency response requirements would be described in the
CQAP and OMMP to be prepared as a part of remedial design.

¢ Sediment Quality (Performance and Confirmation Monitoring): Following completion of
construction, performance monitoring of surface sediments on the surface of the SMA-1 to
SMA-3 caps would be conducted. Chemical monitoring would be performed to verify that
these areas achieve and maintain site-specific RALs (Table 3-1). Post-construction monitoring
may include sampling and analysis of the 0 to 2 cm and 2 to 10 cm sediment intervals to help
differentiate potential ongoing sources from underlying cap performance. Again, detailed
monitoring and contingency response requirements would be described in the OMMP to be
prepared as a part of remedial design.
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Figure 1-1
Oakland Bay and Shelton Harbor Sediments Cleanup Site
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Figure 1-2
Shelton Harbor Sediment Cleanup Unit and Bathymetry
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Shelton Harbor Average Unsupported Lead 210 Activity Shelton Harbor Subsurface Sediment Concentration Profile

1975 to 1990

1930 to 1960

1890 to 1930

1975 to 1990

0.30 £ 0.06 cm/yr

1930 to 1960

Notes:
1. Profiles depict the standard error of the mean.
2. cPAH TEQ and dioxin/furan TEQ profiles include locations SH14, SH19, and SH22.
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Figure 3-2
Southern Shelton Harbor Subsurface Sediment Lead-210 and COC Profiles
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NOTE: The extent of this cross section is shown on Figure 3-1.
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NOTE: The extent of this cross section is shown on Figure 3-1.
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1 Introduction

In accordance with Agreed Order DE 14091 and under oversight by the Washington State
Department of Ecology (Ecology), Simpson Timber Company is performing a Remedial
Investigation/Feasibility Study (RI/FS) for the Shelton Harbor Sediment Cleanup Unit (SCU) in
Shelton, Washington (Figure 1). The Shelton Harbor SCU RI/FS Work Plan (Work Plan; Anchor QEA
2017; Exhibit B of the Agreed Order) describes the data needed to complete the RI/FS, along with
corresponding data quality objectives (DQOs). This Data Report summarizes 2017 field sample
collection activities and analytical results, consistent with DQOs summarized in the Sampling and
Quality Assurance Project Plan (SQAPP; Appendix A of Anchor QEA 2017).

1.1 Document Organization
This 2017 Data Report is organized as follows:

e Section 2 — Data quality and management
e Section 3 - Sample acquisition and results as they pertain to the DQOs
e Section 4 — References
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2 Analytical Data Quality

This section describes the quality and management aspects of the data acquired.

2.1 Analytical Data Quality

DQOs and quality assurance procedures are provided in the Sampling and Quality Assurance Project
Plan (SQAPP; Anchor QEA 2017). Chemical analyses were performed by SGS in Wilmington, North
Carolina; ALS Environmental in Kelso, Washington; and Analytical Resources, Inc., in Tukwila,
Washington. Stage 2B and/or Stage 4 (dioxin/furan) data validation was performed on all data (EPA
2009). During the validation process, analytical data were evaluated for method quality control (QC)
and laboratory QC compliance, and their validity and applicability for program purposes determined.
Based on the findings of the validation process, data validation qualifiers were assigned.

The data package was validated by Laboratory Data Consultants and Anchor QEA. Laboratory data
reports are provided in Attachment 1, and data validation reports are provided in Attachment 2. All
qualifiers applied to the data during final validation have been incorporated into the database for
this project. Data qualifiers assigned during data validation included the following:

e "J"indicates that the result is an estimated concentration.
e "U”indicates a method detection limit below which the analyte was not detected.
e "UJ" indicates an estimated method detection limit below which the analyte was not detected.

The validation process resulted in some J-qualified data (estimated values) based on a specified
protocol or technical advisory, as discussed in the attached data validation reports (Attachment 2).
Overall, all reporting limits were acceptable and met the SQAPP (Appendix A of Anchor QEA 2017)
objectives. All data are considered useable for site characterization as reported or as qualified.

2.2 Data Management

The validated project data, including qualifiers, were entered into the project database, enabling this
information to be retained or retrieved, as needed. Validated data have also been submitted to
Ecology’s Environmental Information Management database.
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3 Sample Acquisition and Results

The section reports the results of the data acquired for each identified DQO.

3.1 Data Quality Objective 1: Evaluate Benthic Conditions

As identified through the Work Plan DQO process and detailed in the SQAPP, additional data were
collected to characterize current sediment quality within the SCU. Sediment benthos quality was
evaluated using a combination of sediment profile imaging (SPI), bioassay testing, and surface
sediment porewater sulfide and ammonia analyses. Field sample collection forms are included as
Attachment 3.

3.1.1 Sediment Profile Imaging

The SPI survey was conducted by NewrFields with support from Marine Sampling Systems and
Anchor QEA on July 10 and 11, 2017. In accordance with the SQAPP (Appendix A of Anchor QEA
2017), a meeting between NewFields, Anchor QEA, and Ecology was conducted on the mornings of
July 11 and 12, 2017, to discuss the initial results of the SPI images collected the previous day, which
informed the collection of additional surface sediment sampling and analysis. In total, 63 locations
were surveyed using the SPI apparatus (Figure 2). The results of each survey location included the
estimated presence of wood, presence of methane, presence of bacterial mats (Beggiatoa sp.), and
apparent redox potential discontinuity depth. Detailed SPI results are provided in NewFields' Shelton
Harbor SPI Survey Data Report (Attachment 4).

3.1.2 Sediment Bioassay

On July 12 and 13, 201,7 Anchor QEA, with support from Marine Sampling Systems, collected surface
sediments for bioassay testing (Attachment 3-a). The sediment bioassay testing was conducted at 11
locations throughout the SCU. Eight pre-defined historical exceedance locations were reoccupied
and three locations were added, at the direction of Ecology, following the SPI image review meetings
(Figure 2; see Section 3.1.1). Where the historical bioassay exceedance locations were reoccupied,
testing was conducted for larval and/or polychaete bioassays consistent with the SQAPP. At the three
additional locations, a full suite of bioassay tests were conducted. All tests were performed in
accordance with the current Ecology-approved testing methodology (Kendall et al. 2013). Table 5-1
in EcoAnalyst Inc’s Shelton Harbor Sediment Cleanup Site Toxicology Testing Results (Attachment 5),
provides a summary of all bioassay test results.

To supplement the bioassay test results, bulk sediment conventional testing was conducted in
accordance with the SQAPP-specified methodology for total volatile solids (TVS) and grain size. The
conventional and chemical bulk sediment testing results are presented in Table 1.
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In situ free hydrosulfide and hydrogen sulfide porewater concentrations (free sulfides) were
measured using a diffusive gradient thin film passive sampling method. Due to physical conditions
encountered during deployment, diffusive gradient thin film samplers were deployed at 7 of 11
locations bioassay locations. Of the 7 locations, 5 resulted in calculated free sulfide concentrations,
ranging from 0.005 to 1.6 milligrams per liter, as detailed in Table 2.

3.2 Data Quality Objective 3: Evaluate Ongoing Sources to Sediments

The RI/FS is evaluating spatial gradients of chemicals of concerns in surface sediments, focusing on
areas that exceed preliminary cleanup levels. Field reconnaissance of the intertidal Shelton Creek
delta was conducted to field locate a single dioxin/furan sampling location (SG-01; Figure 2)
downstream of the clinker deposit. The results of the SG-01 dioxins/furans analysis are presented in
Table 2.

Passive sampling of porewater in the vicinity of the clinker deposit is ongoing, in accordance with the
SQAPP (Appendix A of Anchor QEA 2017), and will be reported in the draft RI/FS.

3.3 Data Quality Objective 4: Evaluate Recent Natural Recovery

The natural recovery DQO called for the collection of paired sediment cores where advanced at three
locations (Figure 2). Initial field core collection was conducted on July 12, 2017, but was terminated
due to equipment failure. The additional cores were collected on August 8, 9, and 10, 2017, and
subsequently processed. All core collection and processing logs are presented in Attachments 3-b
and 3-c, respectively.

At each location, the paired cores were processed into 2-centimeter intervals for initial radioisotope
testing with archives for further radioisotope and chemical testing, where needed. The initial
radioisotope laboratory results were evaluated, which informed a secondary submittal to refine the
dataset. All core radioisotope testing results are provided in Table 3.

After review of the radioisotope results, selected archived intervals were laboratory composited and
submitted for polycyclic aromatic hydrocarbon (PAH) and dioxin/furan testing. The results of the
laboratory testing are presented in Table 4.

In addition to the planned testing of subsurface sediments to inform natural recovery, selected
surface sediments were submitted for supplemental PAH and dioxin/furan testing for comparison to
historical results. Results from the supplemental surface sediment PAH and dioxin/furan testing are
included in Table 1.
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3.4 Feasibility Study Evaluations

The SQAPP (Appendix A of Anchor QEA 2017) describes bench-scale testing of an activated carbon
amendment to control dioxin/furan bioavailability, as well as subsurface coring and analyses to
characterize the thickness of wood debris in portions of the southern harbor. At Ecology’s request, an
additional core was advanced at station SH-03 to characterize the thickness of dioxins/furans at this
northern harbor location.

34.1 Bench-Scale Activated Carbon Testing

To determine if in situ treatment is an effective remedial technology, a surface sediment sample was
collected from station SH-19 and is currently undergoing treatability testing. The surface sediment
was tested for black carbon and the result is included in Table 3. Treatability testing results will be
reported in the draft RI/FS.

34.2 Extent of Wood Debris Sediment Coring

Upon review of the SPI results in consultation with Ecology (see Section 3.1.1), core locations were
selected and advanced to delineate the vertical extent of wood debris (Figure 2). The cores were
logged (Attachment 3-c), and the interval underlying the last identified presence of wood debris was
submitted for TVS analyses. The results of the TVS testing are presented in Table 4.

3.4.3 Extent of Dioxins/Furans at SH-03

All SH-03 core interval results are presented in Table 4.
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Table 1
Surface Bulk Sediment Results

Task| SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017
Location ID SG-01-170713 SH-03-170809 SH-04-170713 SH-13A-170713 SH-14-170712 SH-19-170712 SH-21-170712 SH-22-170712 SH-24-170713
Sample ID| SG-01-SG-170713 | SH-03-SC-0-10-170809 | SH-04-SG-170713 | SH-13A-SG-170713 | SH-14-SG-170712 | SH-19-SG-170712 | SH-21-SG-170712 | SH-22-SG-170712 | SH-24-SG-170713
Sample Date 7/13/2017 8/9/2017 7/13/2017 7/13/2017 7/12/2017 7/12/2017 7/12/2017 7/12/2017 7/13/2017
Depth 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm
Sample Type N N N N N N N N N
X 1078804.278 1079571.097 1079142.371 1078917.959 1081852.952 1078945.317 1079632.45 1079632.45 1080908.296
Y 86149.22393 85744.088 85824.72775 83577.94747 84299.87451 84076.30474 84373.99247 84373.99247 83520.27469
AET_Marine_ | AET Marine_
SCO_SCUMII | CSL_SscuMIl
Conventional Parameters (pct)
Total volatile solids D2974 8.37 -- 12.13 13.3 6.71 15.09 13.82 8.66 11.73
Black Carbon Ghosh -- -- -- -- -- 1.23 -- -- --
Grain Size (pct)
Gravel PSEP 38.36 -- 1.61) 0J 0.65 ) 2.67) 34) 5.51) 8.55)J
Sand, very coarse PSEP 7.09 -- 2.19 0.32 1.27 2.31 5.75 2.65 2.52
Sand, coarse PSEP 6.16 -- 2.2 3.68 1.65 2.85 6.57 4.24 3.29
Sand, medium PSEP 4.61 -- 3.86 5.15 3 491 7.34 19.69 11.82
Sand, fine PSEP 6.81 -- 6.92 6.45 14.07 4.75 11.44 21.85 12.55
Sand, very fine PSEP 11.7 -- 15.23 13.55 33.79 8.15 10.79 11.41 8.95
Percent retained 31.25 micron sieve PSEP 5.06 -- 33.3 36.74 14.78 27.94 27.64 11.88 20.07
Percent retained 62.5 micron sieve PSEP 8.43 -- 3.49) 3.27) 6.29 ) 0.68 J 1.03)J 2.26J 3.97)
Percent retained 15.6 micron sieve PSEP 2.33 -- 10.65 12.07 6.52 13.6 11.82 4.15 8.36
Percent retained 7.8 micron sieve PSEP 2.22 -- 8.39 6.54 5.73 11.7 6.94 4.12 7.07
Percent retained 3.9 micron sieve PSEP 1.61 -- 5.08 3.38 3.88 8.2 4 3.27 4.79
Percent retained 1.95 micron sieve PSEP 0.97 -- 4.98 4.31 3.69 6.79 4.76 2.64 3.48
Percent retained 0.98 micron sieve PSEP 1.06 -- 7.8 7.76 5.73 10.19 8.97 3.91 5.58
Total Fines (sum of all sieves) 21.68 73.69 74.07 46.62 79.1 65.16 32.23 53.32
Polycyclic Aromatic Hydrocarbons (pg/kg)
2-Methylnaphthalene SW8270DSIM 670 670 -- -- -- -- 5.1 24 -- 4.8 --
Acenaphthene SW8270DSIM 500 500 -- -- -- -- 5.5 23 -- 11 --
Acenaphthylene SW8270DSIM 1300 1300 -- -- -- -- 4.7 22 -- 6.1 --
Anthracene SW8270DSIM 960 960 -- -- -- -- 8.3 53 -- 240 --
Benzo(a)anthracene SW8270DSIM 1300 1600 -- -- -- -- 15 43 -- 150 --
Benzo(a)pyrene SW8270DSIM 1600 1600 -- -- -- -- 13 65 -- 100 --
Benzo(b,j)fluoranthene SW8270DSIM -- -- -- -- 24 99 -- 250 --
Benzo(e)pyrene SW8270DSIM -- -- -- -- 16 55 -- -- --
Benzo(g,h,i)perylene SW8270DSIM 670 720 -- -- -- -- 10 43 -- 45 --
Benzo(k)fluoranthene SW8270DSIM -- -- -- -- 8.4 33 -- 100 --
Chrysene SW8270DSIM 1400 2800 -- -- -- -- 52 73 -- 590 ) --
Dibenzo(a,h)anthracene SW8270DSIM 230 230 -- -- -- -- 2.2 8.4 -- 11 --
Dibenzofuran SW8270DSIM 540 540 -- -- -- -- -- -- -- 14 --
Fluoranthene SW8270DSIM 1700 2500 -- -- -- -- 95 270 -- 710 --
Fluorene SW8270DSIM 540 540 -- -- -- -- 5.2 26 -- 20 --
Shelton Harbor Interim Action Plan Page 1 of 5
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Surface Bulk Sediment Results
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Task| SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017
Location ID SG-01-170713 SH-03-170809 SH-04-170713 SH-13A-170713 SH-14-170712 SH-19-170712 SH-21-170712 SH-22-170712 SH-24-170713
Sample ID| SG-01-SG-170713 | SH-03-SC-0-10-170809 | SH-04-SG-170713 | SH-13A-SG-170713 | SH-14-SG-170712 | SH-19-SG-170712 | SH-21-SG-170712 | SH-22-SG-170712 | SH-24-SG-170713
Sample Date 7/13/2017 8/9/2017 7/13/2017 7/13/2017 7/12/2017 7/12/2017 7/12/2017 7/12/2017 7/13/2017
Depth 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm
Sample Type N N N N N N N N N
X 1078804.278 1079571.097 1079142.371 1078917.959 1081852.952 1078945.317 1079632.45 1079632.45 1080908.296
Y 86149.22393 85744.088 85824.72775 83577.94747 84299.87451 84076.30474 84373.99247 84373.99247 83520.27469
AET_Marine_ | AET Marine_
SCO_SCUMII | CSL_SscuMIl
Indeno(1,2,3-c,d)pyrene SW8270DSIM 600 690 -- -- -- -- 7.8 36 -- 51 --
Naphthalene SW8270DSIM 2100 2100 -- -- -- -- 46 170 -- 23 --
Perylene SW8270DSIM -- -- -- -- 9.4 31 -- -- --
Phenanthrene SW8270DSIM 1500 1500 -- -- -- -- 37 200 -- 120 --
Pyrene SW8270DSIM 2600 3300 -- -- -- -- 83 330 -- 580 --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) -- -- -- -- 19.26 87.67 -- 162.1) --
Total Benzofluoranthenes (b,j,k) (U = 0) 3200 3600 -- -- -- -- 8.4 33 -- 100 --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 0) -- -- -- -- 19.26 87.67 -- 162.1) --
Total HPAH (SMS) (U = 0) 12000 17000 -- -- -- -- 3104 1000.4 -- 2587 ) --
Total LPAH (SMS) (U = 0) 5200 5200 -- -- -- -- 106.7 494 -- 420.1 --
Dioxin Furans (ng/kg)
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 1.06 3.76) 0.506 U 2.68 0.432) 0.884 0.382 U 0.258 U 0.447 U
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 4.2 26.4 2.7) 7.49 2.47) 2.17) 1.77 ) 1.5) 3.02)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 7.11 41.2 5.3) 14.1) 3.42 3.16 3.97) 4.3 6.37
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 26.9 346 255 55.9 17.7 17.3 19.6 304 27.3
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 12.7 108 8.92) 216) 5.54 5.04 7.17 7.41 10.9
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 488 8990 J 613 913 295 296 528 960 574
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) E1613B 4000 108000 J 6420 8200 2480 2390 4650 7940 4670
Total Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 89.5) 713) 147 ) 861 212) 85.3)J 107 ) 73) 212
Total Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 144) 913) 157) 841) 138) 101) 137 ) 93.9 187 )
Total Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 263 3260 370) 992 ) 275 193 332 489 ) 433
Total Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 941 21200 1310 2280 835 832 1670 4940 1290
2,3,7,8-Tetrachlorodibenzofuran (TCDF) E1613B 3.12 134 1.54 8.81 1.88) 4.16 1.41) 1.8 2.61
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 2.95 19.5 1.53) 6.19 1.56) 2.96 ) 1.39) 1.98) 2.29)
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 7.23 60.4 4.26 11.7 5.44 6.44 3.38) 4.46 5.42
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 11.8 181 11.8 19.6 8.79 11.3 7.46 7.86 13.1
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 6.16 58 3.58 8.5 2.92 4.27 29) 2.71 4.76
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) E1613B 1.03) 277U 147U 1.34U 0.431) 0.623 U 0.563 U 0.681) 0.767 U
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 9.06 102 5.83) 12.8 5.09 6.6 4.76 4.95 8.24
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) E1613B 126 2600 164 245 75.1 158 929 81.1 169
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) E1613B 8.66 146 119 14.5 4.92 6.66 U 5.52 4.61 9.64
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) E1613B 370 11800 806 795 300 359 415 256 701
Total Tetrachlorodibenzofuran (TCDF) E1613B 61.2) 341) 22.3) 202 ) 64.1) 106 J 35.1) 37.2) 64)
Total Pentachlorodibenzofuran (PeCDF) E1613B 79.9) 575) 43.3) 141 ) 60.2 ) 87) 38.8J 48.5 62.1)
Total Hexachlorodibenzofuran (HxCDF) E1613B 231) 3710 263 ) 370) 159) 216 136J 149 ) 236
Total Heptachlorodibenzofuran (HpCDF) E1613B 466 11200 732) 937 303 501 ) 374 283 676
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 1/2) 22.8431) 287.2635 ) 20.6542 ) 42.4872 ) 13.7421) 15.68695 J 15.61655J 21.9534) 21.44225)
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 0) 22.8431) 287.125) 20.3277 ) 42.4202 ) 13.7421) 15.6225 ) 15.3974 ) 21.8244) 21.1804 )
Shelton Harbor Interim Action Plan
Oakland Bay and Shelton Harbor Sediments Cleanup Site

January 2018




Table 1
Surface Bulk Sediment Results

Task| SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017
Location ID SH-28-170712 SPI-22-170713 SPI-30-170713 SPI-31-170713 SPI-31-170713
Sample ID| SH-28-SG-170712 | SPI-22-SG-170713 | SPI-30-SG-170713 | SPI-131-SG-170713 | SPI-31-SG-170713
Sample Date 7/12/2017 7/13/2017 7/13/2017 7/13/2017 7/13/2017
Depth 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm
Sample Type N N N FD N
X 1081568.517 1080205.879 1080380.919 1081277.578 1081277.578
Y 84922.72201 83592.417 83461.02485 83610.71742 83610.71742
AET_Marine_ | AET_Marine_
SCO_SCUMII | CSL_SCUMII

Conventional Parameters (pct)
Total volatile solids D2974 5.61 26.69 15.87 13.13 12.56
Black Carbon Ghosh -- -- -- -- --

Grain Size (pct)
Gravel PSEP 7.55) 16.63 J 7.59) -- 2.24)
Sand, very coarse PSEP 3.39 4.15 2.12 -- 1.44
Sand, coarse PSEP 2.49 2.95 1.94 -- 1.45
Sand, medium PSEP 2.99 4.33 3.13 -- 4.09
Sand, fine PSEP 17.37 5.45 6.18 -- 7.6
Sand, very fine PSEP 31.07 7.43 8.52 -- 10.26
Percent retained 31.25 micron sieve PSEP 11.08 28.66 29.88 -- 32.34
Percent retained 62.5 micron sieve PSEP 3.22) 2.94) 2.23) -- 5.16J
Percent retained 15.6 micron sieve PSEP 4.7 10.23 13.25 -- 13
Percent retained 7.8 micron sieve PSEP 4.42 6.13 7.73 -- 9.87
Percent retained 3.9 micron sieve PSEP 3.3 4.17 4.72 -- 5.71
Percent retained 1.95 micron sieve PSEP 3.02 4.31 5.11 -- 5.33
Percent retained 0.98 micron sieve PSEP 4.39 9.36 9.23 -- 8.93
Total Fines (sum of all sieves) 34.13 65.8 72.15 -- 80.34

Polycyclic Aromatic Hydrocarbons (ug/kg)
2-Methylnaphthalene SW8270DSIM 670 670 -- 1.6)J -- -- --
Acenaphthene SW8270DSIM 500 500 -- 4.4 -- -- --
Acenaphthylene SW8270DSIM 1300 1300 -- 1.7 -- -- --
Anthracene SW8270DSIM 960 960 -- 17 -- -- --
Benzo(a)anthracene SW8270DSIM 1300 1600 -- 68 -- -- --
Benzo(a)pyrene SW8270DSIM 1600 1600 -- 32 -- -- --
Benzo(b,j)fluoranthene SW8270DSIM -- 57 -- -- --
Benzo(e)pyrene SW8270DSIM - 26 - -- --
Benzo(g,h,i)perylene SW8270DSIM 670 720 -- 15 -- -- --
Benzo(k)fluoranthene SW8270DSIM -- 23 -- -- --
Chrysene SW8270DSIM 1400 2800 -- 100 -- -- --
Dibenzo(a,h)anthracene SW8270DSIM 230 230 -- 5.1 -- -- --
Dibenzofuran SW8270DSIM 540 540 -- -- -- -- --
Fluoranthene SW8270DSIM 1700 2500 -- 140 -- -- --
Fluorene SW8270DSIM 540 540 -- 7.1 -- -- --
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Table 1
Surface Bulk Sediment Results

Task| SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017 | SheltonRI_FS_2017
Location ID SH-28-170712 SPI-22-170713 SPI-30-170713 SPI-31-170713 SPI-31-170713
Sample ID| SH-28-SG-170712 | SPI-22-SG-170713 | SPI-30-SG-170713 | SPI-131-SG-170713 | SPI-31-SG-170713
Sample Date 7/12/2017 7/13/2017 7/13/2017 7/13/2017 7/13/2017
Depth 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm
Sample Type N N N FD N
X 1081568.517 1080205.879 1080380.919 1081277.578 1081277.578
Y 84922.72201 83592.417 83461.02485 83610.71742 83610.71742
AET_Marine_ | AET_Marine_
SCO_SCUMII | CSL_ScuMII
Indeno(1,2,3-c,d)pyrene SW8270DSIM 600 690 -- 17 - -- -
Naphthalene SW8270DSIM 2100 2100 -- 2.2 - -- --
Perylene SW8270DSIM -- 11 -- -- -
Phenanthrene SW8270DSIM 1500 1500 -- 45 - -- --
Pyrene SW8270DSIM 2600 3300 -- 110 -- -- -
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) -- 50.01 -- -- -
Total Benzofluoranthenes (b,j,k) (U = 0) 3200 3600 -- 23 -- - --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 0) -- 50.01 -- -- -
Total HPAH (SMS) (U = 0) 12000 17000 -- 567.1 -- -- --
Total LPAH (SMS) (U = 0) 5200 5200 -- 774 - - --
Dioxin Furans (ng/kg)

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 0.365)J -- -- -- --
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 1.6J -- -- - -
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 2.25) -- -- -- --
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 12.2 -- -- - -
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HXxCDD) E1613B 4.77 -- -- -- --
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 219 -- -- -- --
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) E1613B 1790 -- -- -- --
Total Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 939)J -- -- -- --
Total Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 85.9) -- -- -- --
Total Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 206 ) -- -- -- --
Total Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 587 -- -- - -
2,3,7,8-Tetrachlorodibenzofuran (TCDF) E1613B 1.62 -- -- -- -
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 1.34) -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 3.47 -- -- -- --
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 6.12 -- -- -- --
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 2.53 -- -- - -
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) E1613B 0.38) -- -- -- --
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 4.36 -- -- -- --
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) E1613B 62.5 -- -- -- --
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) E1613B 3.98 -- -- -- -
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) E1613B 208 -- -- - -
Total Tetrachlorodibenzofuran (TCDF) E1613B 35.1) - -- - -
Total Pentachlorodibenzofuran (PeCDF) E1613B 41.4) -- -- -- --
Total Hexachlorodibenzofuran (HxCDF) E1613B 112 - -- - -
Total Heptachlorodibenzofuran (HpCDF) E1613B 215 -- -- - -
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 1/2) 9.9234 ) -- -- -- -
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 0) 9.9234) -- -- - -
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Table 1
Surface Bulk Sediment Results

Notes

Bold: detected result

pg/kg: micrograms per kilogram

CAEPA: California EPA

cPAH: carcinogenic polycyclic aromatic hydrocarbons

FD: field duplicate

J: estimated value

HPAH: high-molecular-volumen polycyclic aromatic hydrocarbon
LPAH: low-molecular-weight polycyclic aromatic hydrocarbon
N: normal sample

ng/kg: nanograms per kilogram

pct: percent

TEQ: Toxic Equivalence Quotient

U: compound analyzed, but not detected above detection limit
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Table 2

Surface Sediment Porewater Results

Trap Sample

DGT Gel | Trap Sample Sulfide Calculated Porewater Free
Thickness | Sulfide Mass | Concentration Hours of Sulfide Concentration
Station ID (mm) (umol) (mg/L) Deployment (mg/L) Sampling notes
Free hydrosulfide ion (HS') and Hydrogen Sulfide (H,S)
SH-04 0.78 R R 48.1 R Rejected - DGT observed lying flat on sediment surface
SH-13A 0.78 11 0.18 453 0.4 Sediment observed on appuratus to ~ 3.5 inches
SH-14 0.78 NA NA NA NA Sampler Lost
SH-19 0.78 0.11 0.0018 41.6 0.005 Sediment observed to top of appuratus
SH-21 0.78 215 0.34 46.5 0.8 Sediment observed to top of appuratus
SH-22 0.78 1 0.016 47.3 0.04 Sediment observed on appuratus to ~ 3.5 inches
SPI-31 0.78 36 0.58 39.6 1.6 Visual confirmation of full insertion
Notes:

Example Calculation:

PW concentration

mass of sulfide sorbed by DGT(35.7 pumol) = 0.001

mmol

32

pmol *

m
mimol

+ thickness of diffusion layer (0.78mm) # 0.1 cm/mm

Diffusion coefficient of sulfide in gel (1.48 *

Bold: detected result

pmol: micromole
DGT: diffusive gradient thin
mg/L: milligrams per liter

mm: millimeter
NA: not available
R: result rejected

Shelton Harbor Interim Action Plan

g
M} « surface area of the gel (27 em?) # exposure time(48 hours = 172800 5) +

Oakland Bay and Shelton Harbor Sediments Cleanup Site

ml

+ 0.001L/ml

CI’I’[3
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Table 3

Radiochemistry Results

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-0-2-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-10-12-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-12-14-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-14-16-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-16-18-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-18-20-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-22-24-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-2-4-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-28-30-170809

Sample Date 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017
Depth 0-2 cm 10-12 cm 12-14 cm 14-16 cm 16-18 cm 18-20 cm 22-24 cm 2-4cm 28-30 cm
Sample Type N N N N N N N N N
Matrix SE SE SE SE SE SE SE SE SE
X 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559
Y 84302.015 84302.015 84302.015 84302.015 84302.015 84302.015 84302.015 84302.015 84302.015
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- -- -- --
Cesium 137 E901.1 -- 0.0986 U 0.0847 U 0.0981 U 0.0893 U -- -- 0.0993 U --
Lead 210 TBE-2015 0.126 U 0.253 -- 0.293 -- 0.429 0.13 0.634 0.133 U
Shelton Harbor Interim Action Plan Page 1 of 9
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Table 3

Radiochemistry Results

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-38-40-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-4-6-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-48-50-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-6-8-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-78-80-170809

SheltonRI_FS_2017
SH-14-170808
SH-14-GEO-8-10-170809

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-000002-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-002004-170714

Sample Date 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 8/9/2017 7/14/2017 7/14/2017
Depth 38-40 cm 4-6 cm 48-50 cm 6-8 cm 70-80 cm 8-10 cm 0-2 cm 2-4 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1081852.559 1078945.317 1078945.317
Y 84302.015 84302.015 84302.015 84302.015 84302.015 84302.015 84076.30474 84076.30474
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- 099U --
Cesium 137 E901.1 -- 0.0643 U -- 0.089 U -- 0.0958 U -- 0.196 U
Lead 210 TBE-2015 013U -- 0.135U 0.404 0.309 0.126 U 0.854 ) 0.6
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Table 3

Radiochemistry Results

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-004006-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-006008-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-008010-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-010012-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-012014-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-014016-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-016018-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-018020-170714

Sample Date 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017
Depth 4-6 cm 6-8 cm 8-10 cm 10-12 cm 12-14 cm 14-16 cm 16-18 cm 18-20 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317
Y 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- -- --
Cesium 137 E901.1 0.0921 U 0.0969 U 0.0979 U 0.0892 U 0.0652 U 0.098 U 0.0843 U --
Lead 210 TBE-2015 -- 0.823 0.812) 0.154 -- 0.267 -- 0.221)
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Table 3

Radiochemistry Results

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-020022-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-022024-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-024026-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-028030-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-032034-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-038040-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-044046-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-048050-170714

Sample Date 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017
Depth 20-22 cm 22-24 cm 24-26 cm 28-30 cm 32-34 cm 38-40 cm 44-46 cm 48-50 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317 1078945.317
Y 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474 84076.30474
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- -- --
Cesium 137 E901.1 0.056 U -- 0.0951 U -- 0.0752 U 0.0949 U 0.0914 U --
Lead 210 TBE-2015 -- 0.159 -- 0.0949 U)J -- 0.232) -- 0.231)
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Table 3

Radiochemistry Results

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-050052-170714

SheltonRI_FS_2017
SH-19-170712
SH-19-GEO-052054-170714

SheltonRI_FS_2017
SH-19-170809
SH-19-GEO-98-100-170810

SheltonRI_FS_2017
SH-22-170712
SH-22-GEO-000002-170714

SheltonRI_FS_2017
SH-22-170712
SH-22-GEO-002004-170714

SheltonRI_FS_2017
SH-22-170712
SH-22-GEO-004006-170714

SheltonRI_FS_2017
SH-22-170712
SH-22-GEO-006008-170714

SheltonRI_FS_2017
SH-22-170712
SH-22-GEO-008010-170714

Sample Date 7/14/2017 7/14/2017 8/10/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017
Depth 50-52 cm 52-54 cm 98-100 cm 0-2 cm 2-4 cm 4-6 cm 6-8 cm 8-10 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1078945.317 1078945.317 1078962.382 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45
Y 84076.30474 84076.30474 84090.036 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- 0.731 U -- -- -- --
Cesium 137 E901.1 0.0819 U 0.0982 U -- -- 0.0962 U 0.0976 U 0.0862 U 0.0657
Lead 210 TBE-2015 -- -- 0.126 U 0.882 ) 0.651 -- 0.443 0.543 )
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Table 3
Radiochemistry Results

SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712
SH-22-GEO-010012-170714 | SH-22-GEO-012014-170714 | SH-22-GEO-014016-170714 | SH-22-GEO-016018-170714 | SH-22-GEO-018020-170714 | SH-22-GEO-020022-170714 | SH-22-GEO-022024-170714 | SH-22-GEO-024026-170714
Sample Date 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017
Depth 10-12 cm 12-14 cm 14-16 cm 16-18 cm 18-20 cm 20-22 cm 22-24 cm 24-26 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45
Y 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- -- --
Cesium 137 E901.1 0.0905 U 0.0749 U 0.0946 U 0.0955 U -- 0.0772 U -- 0.098 U
Lead 210 TBE-2015 0.764 -- 0.381 -- 0.351)J -- 0.101 U --
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Table 3
Radiochemistry Results

SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712
SH-22-GEO-028030-170714 | SH-22-GEO-032034-170714 | SH-22-GEO-038040-170714 | SH-22-GEO-044046-170714 | SH-22-GEO-048050-170714 | SH-22-GEO-050052-170714 | SH-22-GEO-052054-170714 | SH-22-GEO-058060-170714
Sample Date 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017 7/14/2017
Depth 28-30 cm 32-34 cm 38-40 cm 44-46 cm 48-50 cm 50-52 cm 52-54 cm 58-60 cm
Sample Type N N N N N N N N
Matrix SE SE SE SE SE SE SE SE
X 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45 1079632.45
Y 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247 84373.99247
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- -- -- -- --
Cesium 137 E901.1 -- 0.0934 0.0936 U 0.0939 U -- 0.0916 U 0.0725 U --
Lead 210 TBE-2015 0.309 J -- 0.102 ) -- 0.248 ) -- -- 0.128 J
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Table 3
Radiochemistry Results

SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170712 SH-22-170809
SH-22-GEO-060062-170714 | SH-22-GEO-066068-170714 | SH-22-GEO-068070-170714 | SH-22-GEO-078080-170714 | SH-22-GEO-118-120-170809
Sample Date 7/14/2017 7/14/2017 7/14/2017 7/14/2017 8/9/2017
Depth 60-62 cm 66-68 cm 68-70 cm 78-80 cm 118-120 cm
Sample Type N N N N N
Matrix SE SE SE SE SE
X 1079632.45 1079632.45 1079632.45 1079632.45 1080337.853
Y 84373.99247 84373.99247 84373.99247 84373.99247 84082.176
Radionuclides (pci/g)
Beryllium 7 E901.1 -- -- -- -- --
Cesium 137 E901.1 0.0468 U 0.0996 U -- -- --
Lead 210 TBE-2015 -- -- 0.191) 0.22) 0.36
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Table 3
Radiochemistry Results

Notes:

Bold: detected result

cm: centimeter

J: estimated value

N: normal

pci/g: picocuries per gram

SE: sediment

U: compound analyzed, but not detected above detection limit

UJ: compound analyzed, but not detected above estimated detection limit
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Table 4
Subsurface Bulk Sediment Results

Task SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-03-170809 SH-03-170809 SH-03-170809 SH-14-170808 SH-14-170808 SH-14-170808 SH-14-170808
Sample ID| SH-03-SC-00-1.9-170809 | SH-03-SC-1.9-3.75-170809 | SH-03-SC-3.75-4.6-170809 | SH-14-10-20-170810 | SH-14-20-30-170810 | SH-14-GEO-52-70-170810 | SH-14-GEO-60-88-170810
Sample Date 8/9/2017 8/9/2017 8/9/2017 8/10/2017 8/10/2017 8/10/2017 8/10/2017
Depth 0-1.9 ft 1.9-3.75 ft 3.75-4.6 ft 0.3-0.7 ft 0.7-1 ft 1.7-2.3 ft 2-2.9 ft
Sample Type N N N N N N N
X 1079571.097 1079571.097 1079571.097 1081852.559 1081852.559 1081852.559 1081852.559
Y 85744.088 85744.088 85744.088 84302.015 84302.015 84302.015 84302.015
I
Conventional Parameters (pct)
Total volatile solids | D2974 - - 3.41 - - 6.92 -
Polycyclic Aromatic Hydrocarbons (pg/kg)
2-Methylnaphthalene SW8270DSIM -- -- -- 28 22 -- --
Acenaphthene SW8270DSIM -- -- -- 26 16 -- --
Acenaphthylene SW8270DSIM -- -- -- 34 32 -- --
Anthracene SW8270DSIM -- -- -- 30 32 -- --
Benzo(a)anthracene SW8270DSIM -- -- -- 32 22) -- --
Benzo(a)pyrene SW8270DSIM -- -- -- 54 24 -- --
Benzo(b,j)fluoranthene SW8270DSIM -- -- -- 33 27 -- --
Benzo(e)pyrene SW8270DSIM -- -- -- 57 22 -- --
Benzo(g,h,i)perylene SW8270DSIM -- -- -- 52 25 -- --
Benzo(k)fluoranthene SW8270DSIM -- -- -- 9.2 8.2 -- --
Chrysene SW8270DSIM -- -- -- 49 31 -- --
Dibenzo(a,h)anthracene SW8270DSIM -- -- -- 8.5 2.7 -- --
Fluoranthene SW8270DSIM -- -- -- 150 180 -- --
Fluorene SW8270DSIM -- -- -- 24 19 -- --
Indeno(1,2,3-c,d)pyrene SW8270DSIM -- -- -- 20 15 -- --
Naphthalene SW8270DSIM -- -- -- 320 240 -- --
Perylene SW8270DSIM -- -- -- 78 94 -- --
Phenanthrene SW8270DSIM -- -- -- 190 180 -- --
Pyrene SW8270DSIM -- -- -- 170 210 -- --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) -- -- -- 64.76 31.8)J -- --
Total Benzofluoranthenes (b,j,k) (U = 0) -- -- -- 9.2 8.2 -- --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 0) -- -- -- 64.76 31.8)J -- --
Total HPAH (SMS) (U = 0) -- -- -- 577.7 544.9 ) -- --
Total LPAH (SMS) (U = 0) -- -- -- 624 519 -- --
Dioxin Furans (ng/kg)
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 5.57 0.214 U 0.0702 U 3.31 2.72 -- 0.117 U
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 29.6 0.275U 0.0797 U 17.9 133 -- 0.154 U
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 50.9 0.322U 0.0937 U 32.9 23.7 -- 0.204 U
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 350 0.546 J 01U 365 229 -- 0.192 U
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 118 0.5) 0.0922 U 80.4 47.3 -- 0.232 U
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 10,200 J 8.59 1.09)J 10,400 J 5,160 J -- 0.557 U
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) E1613B 74,700 ) 54 8.23 78,900 ) 36,700 J -- 6.36 U
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Table 4
Subsurface Bulk Sediment Results

Task SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-03-170809 SH-03-170809 SH-03-170809 SH-14-170808 SH-14-170808 SH-14-170808 SH-14-170808
Sample ID| SH-03-SC-00-1.9-170809 | SH-03-SC-1.9-3.75-170809 | SH-03-SC-3.75-4.6-170809 | SH-14-10-20-170810 | SH-14-20-30-170810 | SH-14-GEO-52-70-170810 | SH-14-GEO-60-88-170810
Sample Date 8/9/2017 8/9/2017 8/9/2017 8/10/2017 8/10/2017 8/10/2017 8/10/2017
Depth 0-1.9 ft 1.9-3.75 ft 3.75-4.6 ft 0.3-0.7 ft 0.7-1 ft 1.7-2.3 ft 2-2.9 ft
Sample Type N N N N N N N
X 1079571.097 1079571.097 1079571.097 1081852.559 1081852.559 1081852.559 1081852.559
Y 85744.088 85744.088 85744.088 84302.015 84302.015 84302.015 84302.015
Total Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 3881) 7.42) 0.0702 U 513) 255 ) -- 0.117 U
Total Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 505 7.22) 0.0797 U 645 257 -- 0.154 U
Total Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 2,340 7.73) 0.0952 U 2,950 1,860 -- 0.282)
Total Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 20,900 17.8 2.48 21,000 11,600 -- 1.46)
2,3,7,8-Tetrachlorodibenzofuran (TCDF) E1613B 11.3 0.733 0.0683 U 12 8.58 -- 0.118 U
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 125 0.336 U 0.0499 U 16.1 11.6 -- 0.0838 U
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 45.3 0.343 U 0.0547 U 49.5 27.3 -- 0.0925 U
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 150 0.363 U 0.0835 U 217 176 -- 0.0701 U
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 51.7 0.367 U 0.0729 U 64.1 40.5 -- 0.0672 U
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) E1613B 9.45 0467 U 0.0996 U 12.1 7.98 -- 013U
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 103 036U 0.078 U 112 76.6 -- 0.0724 U
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) E1613B 4,170 2.57) 0.418J 4,770 3250 -- 0.209 U
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) E1613B 170 0.392 U 0.0923 U 237 159 -- 0.113 U
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) E1613B 13,800 ) 7.36 0.976 J 18,900 J 9,430 ) -- 0436 U
Total Tetrachlorodibenzofuran (TCDF) E1613B 380)J 12.2) 0.0683 U 315) 294 ) -- 0.118 U
Total Pentachlorodibenzofuran (PeCDF) E1613B 814 034U 0.0522 U 743 ) 765 ) -- 0.088 U
Total Hexachlorodibenzofuran (HxCDF) E1613B 4,550 2.64) 0.305)J 5,530 4,030 -- 0.0815U
Total Heptachlorodibenzofuran (HpCDF) E1613B 17,000 8.34 1.3 22,000 12,900 -- 0.578 )
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 1/2) 305.52 ) 0.704808 J 0.1366168 J 309.503 ) 185.053 ) -- 0.154 U
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 0) 305.52 ) 0.307908 J 0.0178418 J 309.503 ) 185.053 ) -- 0.154 U
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Table 4

Subsurface Bulk Sediment Results

Task| SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-19-170809 SH-19-170809 SH-19-170809 SH-19-170809 SH-22-170809 SH-22-170809 SH-22-170809
Sample ID| SH-19-10-20-170810 | SH-19-20-30-170810 | SH-19-GEO-28-46-170810 | SH-19-GEO-60-90-170810 | SH-22-10-20-170809 | SH-22-20-30-170809 | SH-22-GEO-3.1-4.2-170809
Sample Date 8/10/2017 8/10/2017 8/10/2017 8/10/2017 8/9/2017 8/9/2017 8/9/2017
Depth 0.3-0.7 ft 0.7-1 ft 0.9-1.5 ft 2-3 ft 0.3-0.7 ft 0.7-1 ft 3.1-4.2 ft
Sample Type N N N N N N N
X 1078962.382 1078962.382 1078962.382 1078962.382 1080337.853 1080337.853 1080337.853
Y 84090.036 84090.036 84090.036 84090.036 84082.176 84082.176 84082.176
I
Conventional Parameters (pct)
Total volatile solids | D2974 -- -- 3.46 -- -- -- 5.65
Polycyclic Aromatic Hydrocarbons (pg/kg)
2-Methylnaphthalene SW8270DSIM 33 24) -- -- 40 70 --
Acenaphthene SW8270DSIM 36 30 -- -- 52 48 --
Acenaphthylene SW8270DSIM 49 25 -- -- 27 62 --
Anthracene SW8270DSIM 82 48 -- -- 61 66 --
Benzo(a)anthracene SW8270DSIM 73) 39) -- -- 82 63 --
Benzo(a)pyrene SW8270DSIM 87 44) -- -- 100 110 --
Benzo(b,j)fluoranthene SW8270DSIM 100 47 ) -- -- 100 66 --
Benzo(e)pyrene SW8270DSIM 72 34) -- -- 110 120 --
Benzo(g,h.i)perylene SW8270DSIM 92 48 ) -- -- 85 110 -
Benzo(k)fluoranthene SW8270DSIM 34 15 -- -- 39 20 --
Chrysene SW8270DSIM 100 48 -- -- 260 110 --
Dibenzo(a,h)anthracene SW8270DSIM 7.4 3.7 -- -- 18 20) --
Fluoranthene SW8270DSIM 580 290 ) -- -- 320 340 --
Fluorene SW8270DSIM 44 31 -- -- 55 57 --
Indeno(1,2,3-c,d)pyrene SW8270DSIM 56 29 -- -- 42 44 --
Naphthalene SW8270DSIM 350 200 ) -- -- 350 830 --
Perylene SW8270DSIM 47 90)J -- -- 96 140 --
Phenanthrene SW8270DSIM 480 250 ) -- -- 270 410 --
Pyrene SW8270DSIM 750 350)J -- -- 310 330 --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) 115.04 ) 57.85) -- -- 130.7 1324) --
Total Benzofluoranthenes (b,j,k) (U = 0) 34 15 -- -- 39 20 --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 0) 115.04 ) 57.85) -- -- 130.7 1324) --
Total HPAH (SMS) (U = 0) 1,879.4) 913.7 J -- -- 1356 1213) --
Total LPAH (SMS) (U = 0) 1041 584 ) -- -- 815 1473 --
Dioxin Furans (ng/kg)
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 3.44 2.19 -- 0.128 U 1.34 242 --
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 9.79 6.27 -- 0.108 U 5.82 13.7 --
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HXCDD) E1613B 12.7 8 -- 0.0891 U 114 23.8 --
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 43.4 23.2 -- 0.0904 U 87.7 269 --
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 17.7 11.8 -- 0.101 U 223 58.1 --
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 730 331 -- 11U 2490 7,650 ) --
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) E1613B 6,180 2240 -- 851U 20,400 ) 62,700 ) --
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Table 4
Subsurface Bulk Sediment Results

Task| SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-19-170809 SH-19-170809 SH-19-170809 SH-19-170809 SH-22-170809 SH-22-170809 SH-22-170809
Sample ID| SH-19-10-20-170810 | SH-19-20-30-170810 | SH-19-GEO-28-46-170810 | SH-19-GEO-60-90-170810 | SH-22-10-20-170809 | SH-22-20-30-170809 | SH-22-GEO-3.1-4.2-170809

Sample Date 8/10/2017 8/10/2017 8/10/2017 8/10/2017 8/9/2017 8/9/2017 8/9/2017

Depth 0.3-0.7 ft 0.7-1 ft 0.9-1.5 ft 2-3 ft 0.3-0.7 ft 0.7-1 ft 3.1-4.2 ft
Sample Type N N N N N N N

X 1078962.382 1078962.382 1078962.382 1078962.382 1080337.853 1080337.853 1080337.853

Y 84090.036 84090.036 84090.036 84090.036 84082.176 84082.176 84082.176
Total Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 465 ) 356) -- 0.179) 217 ) 294 ) --
Total Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 511) 389J -- 0.108 U 249 328 --
Total Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 690 499 -- 0.588 860 1,770 --
Total Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 1630 763 -- 2.78 ) 6,960 17,900 --
2,3,7,8-Tetrachlorodibenzofuran (TCDF) E1613B 17.6 10.2 -- 0.0756 U 5.9 9.69 --
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 11.3 6.12 -- 0.104 U 6.76 14.5 --
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 19.5 10.4 -- 0.0827 U 21.7 50.8 --
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 233 115 -- 0.0475 U 63 208 --
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 11.7 6.38 -- 0.0435 U 17.8 53.9 --
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) E1613B 1.82) 1.05) -- 0.0788 U 4.28 135 --
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 16.5 8.35 -- 0.0488 U 29 93.7 --
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) E1613B 296 129 -- 0.262 U 778 3,180 --
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) E1613B 16.3 7.31 -- 0.0982 U 45.5 182 --
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) E1613B 861 310 -- 0.928 J 2,990 11,900 ) --
Total Tetrachlorodibenzofuran (TCDF) E1613B 358 J 206 J -- 0.0756 U 119)J 250) --
Total Pentachlorodibenzofuran (PeCDF) E1613B 226) 123) -- 0.199J 242 ) 639) --
Total Hexachlorodibenzofuran (HxCDF) E1613B 417 ) 199 -- 0.185J 1,120 4,040 --
Total Heptachlorodibenzofuran (HpCDF) E1613B 1090 444 -- 0.915J 3,380 14,300 --
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 1/2) 46.4263 J 25.2497 ) -- 0.1695559 J 78.1628 ) 237.264 ) --
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 0) 46.4263 J 25.2497 ) -- 0.0002784 J 78.1628 ) 237.264 ) --
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Table 4
Subsurface Bulk Sediment Results

Task SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-22-170809 SPI-22A-170810 SPI-31-170809 SPI-31-170809 SPI-131-170809
Sample ID| SH-22-GEO-60-90-170810 | SPI-22A-SC-6.7-7.6-170810 | SPI-31-SC-3-5-170809 | SPI-31-SC-5-7-170809 | SPI-131-SC-5-7-170809
Sample Date 8/9/2017 8/10/2017 8/9/2017 8/9/2017 8/9/2017
Depth 2-3 ft 6.7-7.6 ft 3-5 ft 5-7 ft 5-7 ft
Sample Type N N N N FD
X 1080337.853 1080479.550 1081265.397 1081265.397 1081265.397
Y 84082.176 83563.844 83607.691 83607.691 83607.691
I

Conventional Parameters (pct)
Total volatile solids | D2974 -- 5.2 5.38 6.32 6.08

Polycyclic Aromatic Hydrocarbons (pg/kg)
2-Methylnaphthalene SW8270DSIM - -- -- -- --
Acenaphthene SW8270DSIM -- -- -- -- --
Acenaphthylene SW8270DSIM -- -- -- -- --
Anthracene SW8270DSIM -- -- -- -- --
Benzo(a)anthracene SW8270DSIM -- -- -- -- --
Benzo(a)pyrene SW8270DSIM - -- -- -- --
Benzo(b,j)fluoranthene SW8270DSIM -- -- -- -- --
Benzo(e)pyrene SW8270DSIM -- - - - -
Benzo(g,h.i)perylene SW8270DSIM - -- -- -- --
Benzo(k)fluoranthene SW8270DSIM -- -- -- -- --
Chrysene SW8270DSIM -- -- -- -- --
Dibenzo(a,h)anthracene SW8270DSIM -- -- -- -- --
Fluoranthene SW8270DSIM -- -- -- -- --
Fluorene SW8270DSIM -- -- -- -- --
Indeno(1,2,3-c,d)pyrene SW8270DSIM -- -- -- -- --
Naphthalene SW8270DSIM -- -- -- -- --
Perylene SW8270DSIM -- -- -- -- --
Phenanthrene SW8270DSIM -- -- -- -- --
Pyrene SW8270DSIM -- -- -- -- --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) -- -- -- -- --
Total Benzofluoranthenes (b,j,k) (U = 0) -- -- -- -- --
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 0) -- -- -- -- --
Total HPAH (SMS) (U = 0) -- -- -- - -
Total LPAH (SMS) (U = 0) -- -- -- - -

Dioxin Furans (ng/kg)
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 0.145U -- -- - -
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 0.322 U -- -- - -
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HXCDD) E1613B 0.206 U -- -- -- -
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 0.193 U -- -- - -
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 0.224 U -- - - -
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 6.33 -- -- -- --
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) E1613B 50.2 -- -- -- --
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Table 4
Subsurface Bulk Sediment Results

Task SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017 SheltonRI_FS_2017
Location ID SH-22-170809 SPI-22A-170810 SPI-31-170809 SPI-31-170809 SPI-131-170809
Sample ID| SH-22-GEO-60-90-170810 | SPI-22A-SC-6.7-7.6-170810 | SPI-31-SC-3-5-170809 | SPI-31-SC-5-7-170809 | SPI-131-SC-5-7-170809
Sample Date 8/9/2017 8/10/2017 8/9/2017 8/9/2017 8/9/2017
Depth 2-3 ft 6.7-7.6 ft 3-5 ft 5-7 ft 5-7 ft
Sample Type N N N N FD
X 1080337.853 1080479.550 1081265.397 1081265.397 1081265.397
Y 84082.176 83563.844 83607.691 83607.691 83607.691

Total Tetrachlorodibenzo-p-dioxin (TCDD) E1613B 4.62) -- -- -- -
Total Pentachlorodibenzo-p-dioxin (PeCDD) E1613B 3.56J -- -- - -
Total Hexachlorodibenzo-p-dioxin (HxCDD) E1613B 6.47 ) -- -- -- -
Total Heptachlorodibenzo-p-dioxin (HpCDD) E1613B 15.8 -- -- -- --
2,3,7,8-Tetrachlorodibenzofuran (TCDF) E1613B 0.366 U -- -- -- --
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 0.187 ) -- -- -- -
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) E1613B 011U -- -- -- -
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 0.187 U -- -- -- -
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 0.164 U -- -- -- -
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) E1613B 0.338U -- -- -- -
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) E1613B 0.199 U -- -- -- -
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) E1613B 3.67 -- -- -- -
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) E1613B 0.541 U -- -- -- -
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) E1613B 9.68 J -- -- - -
Total Tetrachlorodibenzofuran (TCDF) E1613B 2.37 -- -- - -
Total Pentachlorodibenzofuran (PeCDF) E1613B 1.29) -- -- - -
Total Hexachlorodibenzofuran (HxCDF) E1613B 4.39) -- -- -- -
Total Heptachlorodibenzofuran (HpCDF) E1613B 13.6 -- -- - -
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 1/2) 0.470129 ) -- -- - -
Total Dioxin/Furan TEQ 2005 (Mammal) (U = 0) 0.123574 ) -- -- -- -
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Table 4
Subsurface Bulk Sediment Results

Notes:

Bold: detected result

pg/kg: micrograms per kilogram

CAEPA: California EPA

cPAH: carcinogenic polycyclic aromatic hydrocarbons

FD: field duplicate

J: estimated value

HPAH: high-molecular-volumen polycyclic aromatic hydrocarbon
LPAH: low-molecular-weight polycyclic aromatic hydrocarbon
N: normal sample

ng/kg: nanograms per kilogram

pct: percent

TEQ: Toxic Equivalence Quotient

U: compound analyzed, but not detected above detection limit

UJ: compound analyzed, but not detected above estimated detection limit
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YF.20653 W
(844 1)

123.

ANCHOR
-» QEA &2

Project Name:

Surface Sediment Field Sample Record

Project No: Haf'é*@[ | Station IQ: 6 H - Q‘Lf

Sampling Crew: Bj, IMB i {fP

Sample Date: 2 /{3725 7 Sampling Method: PC)M (oroby

Sampling Vessel: /Ua‘,vu A AAe,

Subcentractor(s); A2 Weather:
Statlon Coordinates: N/ La: .
E/Long.
Daturm: NAD 83 /WGS 84 2one;
Sample 1D: SH’ L"{‘ 56"‘ H’O? lS
Analysis: Metals / TBT / SVOCs / VOCs / PCBs / Pest Other:
TS /TVS / Grain Stze / TOC / Ammonta / Suifides Other:

{Circle Appropriate Analyses)

Grab Recovery. 2.L7  em Time;%~

Grab Numbar: 7 !

Water Depth; 1 f é .
fi.

Tide Lavel; Sample Interval__ {/2  om [Cyﬂg
Bioassay ! Chemisiry Depth MLLW: ft. ]
Sediment Type: [Sediment Coflor: Density: Sediment Qdor: Sheen: Moisture:
cobble D.0. Very softfLoose none ¢ F2S Jnone_ Dry
gravel b 0056~ slight - Pelroteum |trace Damp
sand C M F mod dense/stiff  <Jmoderate 7 other sitght Molst
S clay.” brown dense/stiff stong moderate E_—Wa‘)
ST mater B7ovm Surface very densefstiff  foverwhelming heavy [~

Comments: () re4% 0404 f@,,/ﬂt}& {_‘)KS&{J‘?_ A 61‘#&6

Recorded by: ‘E(f P&WLJ\A@/«H”

Grab Number: Waler Depth; ft. Grab Recovery:; cm  Time:
Tide Leével: Sample Intarval: om

IBioassay / Chemisiry Depth MLLWY; .
Sediment Type: Sadiment Color: Density: Sediment Odor: " ISheen: Moislure:
cobbie ' D.0. Veory sof/Loose none H2S none Dty
gravel gray softicose . slight Petroleum |trace Darmp
sand C M F black imod dense/sliff maoderate cther; slight Molst
silt clay brown densefsliff strong moderate Wet

* Jorganic matter brown surface very dense/stiff ovenvhelming jheavy
Comments: ’
Grab Number: Waltet Depth:_ Grab Recovery: cm  Time:

Tide Lavel: Sampie Interval; cm

Bloassay / Chemistry Depth MLLW:
Sediment Type: Sediment Color; Denslly:: [Sediment Odor: Sheen; Moisture:
cobble n.o. Very softLoose Jnone H2s none Dry
gravel gray soltloose -Islight Pelroleum race Damp
sand C M F black mod denselstiff moderate other; slight Moist

1silt clay brown denselfstiff sirong mederate Wet
organic matter brown surface very densefstiff overwhelming heavy

Comments:

DatefTime Lab Drop Off:




ANCHOR
QFA £ Surface Sediment Field Sample Record

Project Name: Project No: MCZ:’US Ol C’I Station ID: 6DI - &0

Sampling Crew.m /{/B 4’« Ep .
Sample Date: %/ 13 /207 Sampling Method: __ t2x € (afo
Sampling Vessel: M;lch Aane
Subcontractor(s): A< Wealher:
Station Coordinates: N /Lat
E/long.
Dafum: NAD 83 /WGS 84 Zone:
Sample ID: Spf’\?ﬁ"ﬁ/é’ = [?07{3
Analysis: Metals / T8T / SVOCs / VOCs 1 PCBs / Pest Other;
T8/ TVS [ Grain Siza / TOC / Ammonia / Sulfides Other:
. {Circle Appropriale Analyses)
Grab Number: g ! Waler Depth: _M_ﬂ { 63 Grab Recovery; Z@ om Tima:%
Tide Level: Sample interval,_ (2 om
Bioassay / Chemistry Depth MLLW; it.
J2 2 Isediment Type: Sedimsnt Color: {Density: . {Sediment Odor: Sheen: Molsture:
3 }s_\. cobible D.C. Very softL.oose none H2S none Dry
‘* 3 gravel gray softloose shight Petroleum |irace Damp
O Y lad CMF black mod dense/stiff moderate other: slight Moist
S:': (n - |brown dense/stiff strong moderate Wet
T o ic matier brown surface . very dense/stiff overwhelming heavy
Commenils: Re }c’CFetf) Q(‘ﬂ'()
J B
Grab Number: 7 Water Depth: M} ' l] ft. Grab Recovery: é Z om Time: Q‘?Z Hk 2
Tide Level; ft. Sample interval; !_/_’g m
Yo, fBioassay / Chemlsiry Depth MLLW: ft.
!N - Sediment Type: Sediment Color! Density: Sediment Odor: Sheen: Moisture:
" & cobble 0.0, Very softfLooss none <H2E>"  {nong” Dry
3w |oravet gray slight Petroleum |trace Damp
N2 lsand CMF miod densefsliff <@ other: sfight Molst
- W Sliea brown dense/stiff slrong moderate (@
* ( orgamc matt ifown surtace ) very denselstiff overwhelming jheavy
" [Comments; Rﬁmh[ﬂ A5k w»wQu Aefy, Spiv Hy o Hrer OJEM.’Q attes sebias Jeqreg,
mber: { Water Depth:, ” R ?/ 1‘3/ ZOlF  Grab Recovery: 22 em Time: o
. Tide Lavel; S&’ — 1 L( Sample Interval: (¢ em LI
Bicassay / Chemistry epth MLLW: ft.
Sediment Type: Sedifent.Color: Density: Sediment Odor: /STxEEn: Moislure;
cobble 0.0. Very softfLoose none 28 ) fnone> Dry
gravel gray B {stigh Petroleumn ltrace Damp - -
sand C M F <§ ) moderate other: slight hoist
st clay denselstiff moderate Wt/
ryAnic matt I very dense/stiff avenvhelmi heavy
S fhm/m,c'@f‘ii/ﬂw wm;f ﬂrewﬂt in Qf‘t’f‘éa

DatefTime Lab Dr{)p Off: \

Recorded by: 'E { G)/(" /Y(\f\«f'




H3.206(1 " Jf

1220830074

ANCHOR

- QEA &2

Project Name:

Surface Sediment Field Sample Record

‘station 10: SPT-2

Project No: “m '010[

Sampling Crew:

BI/B/Ep

El

Recorded by:

Virtmont |

Sample Date: Z/{x /7017 Sampling Metod:  J& Yo . er Ors
T Fi i A
Sampling Vessef: _ﬁémru Aane
Subconracior{s): A4 Weather:
Statfon Coordinates: N/ Lat.
E/Long.
Datum: NAD 83 /WGS 84 zone:
] - -
Sample {D: 5PI‘ ?:;f"ﬁb" [-')‘07‘ L?)
Analysts: Metals / TBT / 3VOCs/VOCs ] PCBs / Pest Qlher:
TS/ TVS / Grain Size / TOC / Ammonla / Sullides Other:
{Clrcle Appropriate Analyses)
Grab Number: ‘ Water Depth: ‘ ‘1;8 ft. Grab Recovety: .:7/ ;f cm  Time: Vit K -
Tide Level, ft. Sample Interval: [Q cm
Bloassay / Chermistry Depth MLLW: it. ,
Sediment Type: Sediment Color: Density: Sediment Odor: Sheen: Moisture:
cobble D.0. Very softloose  {fone > H28 (Jféne 2 Dry
gravel qray— Gtillonse _ stight Petroleum |trace Damp
sand C M) Tack mod dense/stiff moderate other: slight Moist
@tiay brown . dense/stiff strong moderate  { ”/Wei g
[Grganic matler > "¢~ [6rown surface > very dense/stiff overwhelming _ heavy
comments: (Jrpgiongl woed Arfr'c Hwnt ace mpst \{3 Jw.‘jﬁ and sl sk s
Grab Number: Water Depth: ft. Grab Recovery: cm Time;
Tide Level: ft, Sample interval; cm
}Bioassay / Chemislry Depth MLLW: ft.
Sadiment Type: Sadiment Color:’ Density: Sediment Odor: Sheen: Molsture:
cobble D.O. Very softlLoase none H2S nche Dry
gravet gray softfoose stight Pelroleum [trace Damp
sand C M F black med densefstiff moderate other; stight Moist
siit clay brown dense/stiff strong moderate Wet
organic matter brown surface very densefstiff overwhelming heavy
Comments:
Grab Number; Water Depth; - fi. Grab Recovery: cm Time:
: ) Tide Lével: . Sample Interval; cm
Bicassay / Chemistry Depth MLLW: ft. '
Sediment Type: Sediment Color: * [Densily: Sediment Odor: Sheen: EMeistui'e:
cobble D.0. ) Very softfLoose none H2s Rone Dry
gravel lgray softffoose shight Pelroleum . |trace Damp
sand C M F black mod densa/siff moderate ather: stight Moist
silt clay brown dense/stift sirong modaraté Wet
organic matter brown surface very dense/stiff ovenvhelming heavy
Comments:
Date/Time Lab Drop Off:



20T
23 By 0

<

ANCHOR
QEA &=

Project Name:

Project No: | 1()99@ -0 0]

Surface Sediment Field Sample Record

station 0: SPT ~ N3

Sample Date:
Sampling Vessel:
Subconlractor{s):

Siation Coordinates:

Datum:

SamﬁlingCrew: B j, !V B ?5 E/P

1/i3)2o(F Sampling Method: [0 ig /{54l
nc Aane
M 59 Westher lguq/w‘
N/Lat. B
E /long.
NAD 83 / WGS 84 zone:

Sample ID: ﬁpf’l?" 55‘"’ [707' B

Analysls: Metals / TBT / SVOCs f VOCs / PCBs / Pest Other:
) TS/ TVS f Grain Size / TOC / Ammonia / Sulfides Other:
{Circle Appropriate Analyses)
) h)
Grab Number: [ Water Depth: _Iﬁﬂ ’ 5 , é? Grab Recovery: cm Time: C/’ﬂCDi
Tide Level: Sample Interval;
Bioassay / Chemistry BDeplh MLLW: ft.
Sediment Type: Sediment Color: Density: Sediment Odor: ~ Sheen: Molsture:
cobbie D.O. {[Very sofcaose  [none ZHZSD  (frighe 7 Dry
gravel ara softloose . Pelroleum {lrace Damp
sand C M F {olac mod dense/stiff moderate other: 4slight Moist
d&i brown denselstiff strong moderate Wet
darganic matt brown surface very dense/stiff overwhelming heavy

comments: New ly P loated log alls foaplordag S¥adios. (rob %mn/f? 'S fwfz»ﬂq
Wﬂ{ﬁ dobt sCet leust RO‘?:H J

Sampls interval; cm
\iBFoassay ! Chemisley Depth MLLW ]
2 \3 i3ediment Type: Sediment Color: IDensity: Sediment Odor: Sheen: Malsture:
22 Bblg D.C. Very softiLoose fone H28 ,Lf:g/ory
TR foravel 57 Solthogse stight Petrofeum |tra Damp
O % fsand C M tla mod densefstff moderate othV siight [Molst
ST tdiday brown dense/stiff strong - moderate ‘@
!;: S ﬁ@;r‘g'iﬁ'iﬁ@ g m very dense/stiff ovenvhelmi heavy
= [comments: (}m-fmy\\,k%{;[ el s Hupd ax sz% a‘ﬂ‘f{s ¢ afreRss Seme Loy fos
0 NN
F : Grab Number: Water Depih: Grab Recovery:, cm  Time:
! Tide Level; Sample intervatk: cm
\‘\ IBioassay ¢ Chemisty Depth MLLW: .
iGN Sediment Type: Sediment Gol6r: IDensifyrC . Sediment Odor: Sheen: Molsture:
: /} cobble D'V Very soﬂﬂ.o&ﬁﬁx none H28 none Dry
gravel gfay softtoose N stight Petroteum |race Damp
sand CMF black mad dense/stiff %d\“éle, other. slight Moist
silt clay brown dense/stiff slrong \\\ moderate Wet
organic matler brown surface very densesstiff overwhelmin \\ heavy
Confinents: \\_\

d

Grab Number: f

By SPT 3

Grab Recovery

P
B om Time: “2 & S

S

EL

Recorded by:

(?&iqlmfl 4’

X

DatefTime Lab Drop Off: \

-
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ANCHOR

QEA &2

Project Namae:

Surface Sediment Field Sample Record

Station ID: SH-28

Project No: | IO(DS"O{:O {

Sampling Crevs: @ nj_, {’I % E[\

Sample Date: 7./ izizold

Sampling Vessel: _Atcy A ane

Subcontractor(s): 475 -

Weather:

Station Ceordinates: N/ Lat.

E /Long.

Datum: NAD 83 /WGS 84

zone:

Sampling Method:  f&v o Oe 4.

sampteD: SH-VESG - jFOTfz

Analysis: Metals/TBT/SVOCs/ VOCs { PCBs / Pest
TS /TVS / Grain Size / TOC / Ammonia / Sulfides
{Circle Appropriate Analyses)

Other:
Cther:

Grab Number; ! Water Depth; ‘(, fz.} ft,

Grab Recovery:

&m

Time: @, z :

Tide Level: fr. Sample Interval; @ cm [ 6; [ [5
Bioassay / Chemislry Deapth MLLW: ft.
Sediment Type: Sediment Color: Density: Sediment Odor: Sheen: Moislure:
cobble 8.0. Very sofii.oose none H2s none Bry
gravel gray softflcose stight Petroleum {trace Damp
sand C M F olack mod dense/stiff raoderate other: slight Moist
shit clay brown dense/stiff strong moderate Wat
organic matter brown surface very dense/stiff ovenvhelming heavy
Comments: (e 5}&1@‘:’ oot ban
Grab Number: ¢ Water Depth: G0 & GrabRecovery,__ 7. 2 om  Time:_ HE0)
Tide Level: ft. Sample Interval,__{ (®+  em 1672
Bioassay / Chemistry Depth MLLW: ft.
Sediment Type: ) Sediment Color: Densily: Sediment Qdor: Sheen: Moisturs:
cobble D/O Very softloose {|hone H28 N E}Tﬂ}; Dry
gravel - a g@) scfifoose > slight Pelroleum |trace Damp
§and C MLF) ’lg_cic_ mod dense/stiff moderate other: slight Moist
silf clay < g@ dense/stiff strong moderate ¢ ,::—ep
rganic malter brown surface very dense/siiff overwhelming heayy

Comments: !(;,fjg Z*({,Lfc f./ fﬁbcc:t';i o.icé',*"c . f}—-tgcf}'f ‘3((‘1“-',14?0 I;}’E“}i;g‘;( A “Z#M’F((‘“

Recorded by: E(' @%‘}'Mi

Grab Number: Water Depth; fl. Grab Recovery; em  Time:

Tide Level; ft. Sampte Interval: ©m
Bloassay 7 Chemislry Depth MLLW: ft. .
Sediment Type: Isediment Color: Density: iSediment Odor: Sheen: Moisture:
cabble B.0. Very softlLoose none H28 none Dry
gravel gray sofloose slight Patroleum {lrace Darmp
sand C M F black mod dense/stiff moderate othern: stight Moist
slit clay brown densefstiff sirong moderate Wet
organic matter brown strface very dense/stiff ovenvhelming heavy
Comments:

Date/Time Lab Drop Off;
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ANCHOR o
» QEA £ Surface Sediment Field Sample Record

Project Name: Project No: “M ‘O[ ()I Station ID: ) H” :ll

sempling Crew: A/3_RT 4 EP NE Bcicer By Jobuson B EL Pitan T

Sample Date: _7/72/ 20i7 Sampiing Method: £3 "[%tp r gio i
Sampling Vessel: A ! A,\ AL -

Subconlractor{s): A4S S Wealher;

Stalion Coordinates: N /Lat,

E / Long.

Datum: NAD 83 /WGS 84 zone:

Sample ID; SH - r)\& SC”’(?G?(Z

Analysis: Metals / TBT / 8VOCs 1 VOCs / PCBs / Pest QOther:

\TSY{VSY Grain Size / TOC / Ammonia / Sulfides Other:

{Circle Appropriate Analyses}

Grab Number: __| Water Depth:_{{! - . GrabRecovery: 2. 7. _cm  Time: OSh

P - Tida Level; 118 Sample Interval;__{(2 cm

Bloassay ¥ Chemis Deplh MLLW: fi.

Sediment Type: Sediment Color: IDensity: Sediment Odor; iSheen: Moisture:
cobble D.0. AVeiy softilooss)  [none F28 7 np;rg Dry
gravel gray” “lsofifoose ‘@'jg_hp Peiroleum [traes Damp
*s‘;zjnd CMF bldck mod dense/stiff |moderate other: slight Molst
sif clay {brown > denselstiff strong . moderate  JWelD
otganic matlery broWn surface very dense/stff overwhelming heawy

Comments: Mo fn 7 fams 3 ool _lelsi g

Grab Number: __" 7. Water Depth:_{10:9 _ . Grab Recovery:_ |S{ __em  Time: (Ff30
‘ Tide Level; t. Sample interval__{¢2 _om :

Bioassay / Chemistry Depth MLLW: ft.

Sediment Type: Sediment Color: Density: Sediment Odor: Shesen: Moislure:
Joobble D.O. VEry softlocse.  |none Has» !fé@ Bry

N - o .

gravel ¢ f _D softflocse { @ Pelroleum |(irace Damp
sand C(@ black mod densefstiff mederate other: slight Molst
st cla broym > densefstitf sirong moderate (] @
erganic mgl@ brown surface very dense/stiff overwheiming heavy

Comments: {;-,_"[ﬁ‘ e j(-ﬂ:’i{éf i! A Pat

Grab Number: Water Depth: ft. Grab Recovery: cm Time:

' Tide Level; ft. Sampie interval; cm
Bioassay / Chemistry Depth MLLW: ft.
Sediment Type:. Sediment Color; Densily: Sediment Cdor: . Sheen: Moisture:
cobble D.O. Very softiLoose nons H2s lnene Dry
gravel gray softloose slight Petroleum |trace Damp
sand C M F |black mod densefstiff moderate other: slight Moist
sitt clay brown densefstiff slrong moderate Wel
organic matier brown surface very dense/stiff overwhelming [heavy
Comments:

Date/Time Lab Drop Off:

Recorded by: F I pmrlmgq.-}




ANCHOR

QEA &=

Project Name:

Surface Sediment Field Sample Record

Project No: /1238& ~(# ] Station ID: H -G

for

v

v &

P

"
’f

£/

Sampling Crew: E{," Pﬁf’f{ﬁ?onff Bren Souson Mk Bocber
Sample Date:  7//Z /27 Sampling Methed: £, ,0, (rin/,
Sampling Vessek: /Vw\cu A-A/\e
Subcenteactor(s)y: /M < Weather:
Station Coordinates: N/ Lal.
E /Long.
Datum: NAD 83/ WGS.84 zone:
samplei>:_SH-4-S6 - (70112
Analysis: Mstals/ T8T / SVQCs / VOCs f PCBs / Pest Other:
TS {TVS / Grain Size / TOC / Ammionia / Sullides Other:
{Circle Appropriate Analyses)
Grab Number: ___| Water Depth;_ {35, b Grab Recovery: em  Time: (2 05
Tide Level; ft. Sample Interval; om
=€ -y IBicassay/ Chemistry Depih MLLW:
"¢ [Sediment Type: Sediment Calor: Dansity: Sediment Odor: Shaen: Moisture:
= (zi cobble D.0. Very softiLoose none H2s8 none Dry
““‘ a gravel gray softfloose slight Peiroleum {irace Damp
!; tn [|sand CMF black med dense/stiff moderate other: slight Molst
T Kiay I brawn dense/stiff slrong moderale Wel
anic matter brown surface very dense/stiff averwhelming heavy
Comments: ¢ v Fily s
i
Grab Number: Water Depth: t. Grab Recovery,_ "0 & cm  Time: oA
Tide Level: ft, Sample interval__ & ¢em
o2 ;} Bioassay / Chemisiry Depth MLLW: fi.
g [Sediment Type: Sediment Color: Toensity: Sediment Odor: Sheer: IMoisture:
~ é‘ cobble D.O. AVery softiLoos < @ H2s (]ﬁ_o'rf:? Dry
& lgravel d glr_ay softficose siight Petroleum [Wace Damp
‘t“ c‘;’; sand C M F ack mod dense/stiff moderate othes: slight Molst
= J@day Jrowy danse/stiff ~{strong moderate [iWet/
d‘ ogarﬁc matter ™7 brown surface very dense/stiff overwhelming [heavy o
Comments: by Aefie's £ liug Kr}f tor closmg
Grab Number:_}}ii Water Depth: Ft U # GrabRecovery,__ 7 (Y  om  Time: s289F
* Tide Leval; Sample Interval:__{(D 30
= jBloassay / Chemistry Depth MLLW! ft.
© @3 Sediment Type: Sediment Color: Density: Sediment Qdor: Sheen: Moisiure:
\9; cobble D.0, 467y softh cose™ (_n’:b}e_?) H2s none Dry
r(; « fgravel ﬁap softloose stight Petroleom prace Damp
o T .
5 Ci sand C M F- black mod dense/stiff moderate other: slight -|Moist
3 :“ sifclay —Jurown ) dense/stiff strang moderate Wet
= fbrganic m@ “{brown sur!ace vary dense/stff overvhelming heavy
Comments: AC d¢e rAw abil . st G’rdgsl\f‘fc“é/‘(‘/{_}‘_g% (2.2 € t‘f’w’&
‘4/094{‘1 /‘Pe(;flf i '-’{"ﬂf? P) ,-,,f.p; NS (}}r'* it r;p;f»é-}; L{Cf
[
g,dzwﬂ({’ s i
3 . b a : -
w130 Date/Time Lab Drop Off:
\3-
M
4
™

Recorded by: {;( ; Pﬁff}l{ﬁﬁd%




ANCHOR
QEA ===

Project Name:

Surface Sediment Field Sample Record

Project No: |[XOS-CN Q|  station 1p; GH~ (34

Recorded by: E

Jr——

| @f/f 7L/hm t

Sampling Crew: _b T {[/ B F P
SampleDate: %/ 13/ |F Sampling Method: B ser Grmif,
sempling Vessel:_Alacy _Aane '
Subcontractor(s):  AA5C Weather:
Station Coordinates: N/ Lat.
E/Leng.
Datum; NAD 83 /WGS 84 zone,
Sample iD: - [3&-5&' }?0?[2
Analysls: Metals / TBT / SVOCs / VOCs / PCBs / Pest Olher:
TS/ TVS/Grain Size / TOG / Ammonia / Sulfides Other:
{Circle Appropriate Analyses)
Grab Nurtber: ‘ Water Depth:_ 1.5, 2 . Grab Recavery,_ £.4 22 em Time: _ O+ & C
;Q 7".3 Tide Levst; ft. Sample interval; l
o Bioassay / Chemisiry Depth MLLW: ft. .
‘:g ;‘3‘ Sediment Type: ISedimentColor: Density: Sedimant Odor: Sheen: Moisture:
TR cobble DO, Vary softLoose < fone > H2s Jiiong> Dry
oo gravel dora (jsoftfopse™ stight Pelroleum |irace Damp
L0 :_‘;‘ sand C M F tlack mod dense/stiff moderate other: slight Molst
~ AI‘S‘:I{ cla c’gmﬁm? danse/stiff strong moderate j/ﬁ_" et )
<Jgraanic malter O Brown surface very dense/stiff overwhelming heavy
Comments: "T;,;f la=loks =704 A/wntﬁ ;. mr "ﬁm:’{) éq)ftdu d@(r?sL MQ}J f\{ -’iwp'uss
J -~ - ]
-ﬁir
= eraly Namber——— ———_Waler Depti: %M’"f‘&ab Recovery:- _. ___om __Time:
pay Tidetevell_ | Sample Interval; om
Bioassay/ Chemistry Deplh MLLW: ¥ e
Sedimenl Typa:. Sediment Color: Density: Sediment Cdor: Sheen: - |Malsture:
cobble D.0. Very soft/l.oose nene H2S ngg;y"'" Dry
gravel T aray softlocse slight Petroleym-firace tDamp
sand C M F “lblack moddensefstiff  |moderate  otnefl siight Moist
silt clay browin,_ dense/stiff strong moderate Wet
organic matter brovin surface very dense/sliff oveg,«heﬁ heavy
Comments: o "
-
-
\\"-., -
Grab Number: Water Deplh: o N Grab Racovery; cm Time:
Tide Level: = & Sample Interval: cm
hBioassay ! Chemisity Deplh MLLW: ft. T )
Sediment Type: Sedi[palﬁ Color: Density: ~. |Sediment Qdor: " sheen: lMoisture:
cobble D:0. Very softfLoose none H2s none Dry
gravel p " laray softloose slighit-_ Poltoleurn frace Damp
sand C M F ,/"/ black mod dense/sliff moderate\"\,t other slight Moist
silt clay o brown denselstiff strong moderate Wet
organic mattér brown surface very dense/stiff ovenvhelming heavy
Commefis: .
Date/Time Lab Drop Off: ™.




ANCHOR
QEA &

Project Name:

Surface Sediment Field
v g-0f.0/
Project No: 5’%&:&[-

Station

Sample Record

Ip: SH-0Y

Sampling Crew: Bc/; Solirssa . /}/ K Bdc[tc,f £ i pﬂf/'/m4+‘
Sample Date: ?/ 1217013 4 Sampling Mathod:  Preuee, Grnnls
Sampling Vessel: AaAcu AA A
Subcontractor{s): A 5 Woeathar:
Station Coordinates: N/ Lat.
£/ Long.
Datum: NAD 83 / WGS 84 zone:
sampetn:_SH -OH-S6--§ |07 X
. Analysis: Melals / TBT / SVOCs / VOCs / PCBs / Pest Other:
TS/ TYS / Grain Slze / TOC / Amronia / Sulfides Other:
{Circle Appropriate Analyses)
Grab Number; -'i Water Depth: fi. Grab Recovery:_-=t2" _cm  Time: Eﬁ 53
Tide Level: fl. Sample interval; om
Bivassay / Chemistry Depth MLLW: ft.
Sediment Type: Sediment Color; Density: Sediment Odor; Sheen: Moisture!
cobble D.0. Very softib.oose none Hzs none Dry
gray softlcose slight Pefroleum |trace Damp
black imod dense/stiff moderate other: slight Moist
brown dense/stiff strong moderale Wet
hrown surface very dense/fsliff overwhelming heavy
Comments: [37.¢ kol Hippeil oies, A/ﬂfm
Grab Number: é I Water Depth: l?;'j‘i ft. GrabRecovery:  em  Time: O? ' 5{ }
) Tide Level; fi. Sample Interval; % cm
A3 |Bloassay/ Chemisty Depth MLLW: fi.
[’5_3 ‘;,‘J- Sediment Type: Sediment Color: Density: Sediment Odor; IShaan: Malsture:
si I Jcobble D.o. Very softfLoose none H2s none Dry
w0 ﬂgravel gray softioose slight Peltroleum [race Damp
‘; g_‘; sand C M F hlack lmod dense/stiff moderale other: slight Moist
T~ [siltclay brown densefstiff strong moderate Wet
organic matter Jbrown surface vary dense/stiff overwhelming heavy
Comments: K ¢iented .
Grab Number; 2 Water Depth;_{]. 5 Grah Racovery: Z § em  Time: 7:36
Q9 Tidetevel Sample Interval: ; om ’
"4 3" Bloassay / Chemistry Depth MLLW: ft.
5 & {Sediment Type: Sediment Color: Density: ISediment Odor: Sheen; Molsture:
e "5‘ cobble D.C. BTy sofifL Indhe H2s Jrong Dry
N ? gravel <] grgy/“' softfloosa stight Petroletm |lrdce Damp
o ’
ke ot fsand CMF black. mod dense/stiff modsrate other: slight Molst
(@gjap_ |brown dense/stiff strong moderate < WelD
¢ Jorganic ma@ browm surface very dense/stiff ovarwhelming heavy
—
Commants: -I?W’C Lv&?dv(i{ df(z & {)PEM—/‘ va}-erj at» othe, E,a’»e; ﬂ/@C/A A f{rx\b

Recorded by:

Date/Time Lab Drop Off:

E l ; Pﬂ’}_/lf@-fl +




ANCHOR

QEA ££

Projact Name:

Surface Sediment Field Sample Record
Project No: | |OCDE-O|. O] stationD: < -2

Sampling Crew: f—p # _/Zf:’;

Sampling Method: '?t!é;.zr" I C;}-;:é

Sample Date: "/ /12/ 7] 7

Sampling Vessek: /VW')_crt_-\ Aane

C‘jv_

Y7.2¢817
(23, DRy Yo

Subconlractor(sy: A7 Weather:
Station Coordinates: N fLat, '
E/Long.
Dalum: NAD 83/ WGS 84 Zone:
sampleiD:_SH 21~ Sb- {70712
Analysis: Metals / TBT / SVOCs f VOCs / PCBs / Pest Other:
TS /TVS / Grain Size f TOC / Ammenia / Sulfides Other:
{Circle Appropriate Analyses)
Grab Numbsr: Water Depth:_* )'- SE f. Grab Recovery: em  Time: [ SC‘{)
Tide Level: ft. Sample interval: !g’ om
Bioassay / Chemistry Depth MELW; ft.
iSedIment Type: Sediment Color: Density: Sediment Odor: . Sheer: Moisture:
cobble D.0. Varysofiloose 7  |none HZS ) ffidne > Dry
gravel gray softloose e @ Pelroleum |irace Damp
sand C M F <JBlEeK) mod dense/stiff Imoderate other: sfight < |Moist_2
el clay> o> dense/sliff strong moderate Wl
_lorganmE matter, I swlace™ very dense/stiff overwhelming jheavy

Comments: 41;31[ ! ‘}e{;;{'f' -L,qvf f’é’ =) {‘.

Ttz Lluck belo o siatece

Regorded by: Ela @f’f‘f'/l’\cvt +’

Grab Numbar: Water Depth; H. Grab Recovery: cm Time:
Tide Level: ft. Sample Interval: cm

Bloassay / Chemistry Depth MLLW: it.

Sediment Type: Sediment Color: Densily: Sediment Odor: Sheen: Moislure:

cobble D.0, Very softiLoose none H2S none Dry

gravel gray softioose slight Pestroleum |trace Damp

sand C M F black jmod dense/stiff moderate other: slight Moist

siit clay brown dense/siff strong modarate Wet

organic matter brown surface very dense/siiff overwhelming heavy

Commaents:

Grab Number; Water Depih: ft. Grab Recovery; cm  Time:

Tide Level; ft. Sample Intervai; cm

Bioassay / Chemistry Depth MLLW: ft. .

Sedliment Type: Sediment Color: Density: Sediment Odor; Sheen: Moisiurs:

cobbla D.0. Very soft/Loose none H2S none Dry

gravel gray softlcose shight Pelroleusm Jirace Damp

sand C M F black mod dehse/stiff moderate other: slight Maist
1slft clay brovin densefstiff strong moderate Wel

organic matier brown surface very dense/stiff ovorwhelming heavy

Cominenia:

DatefTime Lab Drop Off:




ol B T R
i3, ehorsti

Varhygess

Project Name:

Surface Sediment Field Sample Record

Station ID: S H‘“ {"f

Project No: HCC@ ’3 Ol '

Sampling Crew: '{/Ba Z} E P

Sample Date: 7/ {=/ 7017

Sampling Vessel: Al Acu  An e

Sampling Method:; f%‘aéa(l/ c}fﬂé
\J i

{Circle Appropriate Analyses)

Subcontractor(s) 41539 Weather: S ¢( 24 o4
Statien Coordinates: N fLat. Y
E / Long.
Daturn: NAD 83 /WGS 84 zone:
sampieiD:_SH - -Sf @ 1707 12
Analysis: Mstals / TBT / SVQCs / VOCs / PCBs / Pest Other:
TS/ TVS / Grain Size / TOG / Ammonia / Sulfides Other:

Grab Number: [ Water Depth: [ 5, f'] fi.

3
Grab Recovery: A__cm

"
Time: _EXP"

(#15

Tide Level; ft. Sampls Intsrval__ [ cm
Bloassay / Chemislry Dapth MLLWY: ft,
Sediment Type: Sediment Color: Density: Sediment Odor: Sheem: Moisture:
cobble D.O. Very softfLoose ‘fadne .~ H28 dnong_7 Dry
gravel -'gfaD As6flooss sfight Petroleum Jwace Damp
sand c M F biack mod densefstift  |moderate other:  |slight Moist
B SICETP, Brown ) dense/stiff strong moderate  “JWgt-”
_Jorganie matler D brovm surface very dense/stiff overwhelming heavy
Comments: Dorner resend k erpd debi's A The jawg o 4leo g raf
' N Bpead F;u{s‘-'i.f BReerr ALONE { Laan i ) ” S
Grab Number: Water Depth: ft. Grab Recovery: cm  Time;
Tide Level: fi. Sample Interval; cr
§Bioassay / Chemistry Deplh MLLW: ft. '
Sediment Type: Sediment Color: Densily: Sediment Odor: Shesm [moisture:
cobble D.0. Very sofifiLcose none HZS none Dry
gravel gray soitloose slight Patrcleum {lrace Damp
sand C M F plack mod dense/stiff moderaie other; slight Moist
silt clay brown dense/stitf strong moderale Wet
organic matter brown surface very dense/sliff ovenvhelming heavy
Commenis:
Grab Number: Water Depth: fl. Grab Recovery: . em  Time:
Tide Levat; ft. Sample Interval; <m
|Bicassay / Chemistry Depth MLLW: fi.
Sediment Type: Sediment Color: Density: Sediment Odor; Sheen; Moisture:
cobble D.O. Very soft/Loosse none H25 none Dry
gravel gray softloose slight Petroteum |trace Damp
sand C M F black. mod dense/stiff [moderate othen slight Molst
silt clay brown denisefstiff slrong moderate Wel
organic matter brown surface very dense/fstiff overwhelming heavy
Commenis:
DatefTime Lab Drop Off:

Recorded by; El' @&ﬂl‘d’k\’l""




ANCHOR

sob: T Sheldon vy bt
Job No: jipwe &~ o)

Field Staff: X 5 t/R £ [
Contractor: M55

Vertical Datum:

Field Collectlon Coordlnates:

QFA tiir Sediment Core Collection Log - pagolot]

stationID: SH- {9

Attempt No. |

Date: /fz/aaf?

Logged By: £[. Yaddwa~

Horizontal Datum:

Lat/Northing: Long/Easting:

A. Water Depth B. Water Level Measurements C. Mudline Elevation
DTM Depth Sounder: Time: |7 74 :

DTM Lead Line: Height;

Source:

Recovery Measurements {prior to cuts)

Core Collaction Recovery Detalls;
Core Accepted: Yes / No
Core Tube Length: 5 .

Drive Penetration: - M 2.7+t

Headspace Measuremeant: 7. é M,{Q Fe

Recovery Measurement: 2 7 /arhe

Recovery Percenlage:

Total Length of Core To Process: 7 7 (askes

R )

[]

0|0

Drive Notes:

LCore Tube Lengt.h ]

Sections To Process:

Qe|w|=

Core Field Observations and Description:

Sediment typs, moisture, color, minor modifier, MAJOR modifier, other constituents,
odar, sheen, layering, anoxic layer, debris, piant matiar, shells, biola

ﬂ/o M)caplu debiis a (“me Penptnred Color Ccﬁmma G- fatlemn droan

_& Aok b {}"b’wf\ Fo Lﬁm iy IV af»*tl 4@. {’)r@u/l

Notes:




ANCHOR

QE A trsr Sediment Core Collection Log
Job 5o Shellon Hasbor Station 1D:
Job No: ! fzoc S oL o Attempt No. |
Fleld Staff: 473, A5, 4 E £ Date: F/(7 fzol
Conltractor: 4{<S Logged By: £ £
Vertical Datum: ' Horizontal Datum:

Field Collection Coordinates:

Lat/Northing: Long/Easting:
A. Water Depth B. Water Level Measurements C. Mudline Elevation
DTM Depth Scunder: Time! (7855
DTM Lead Line: ‘]@M Heightt I o £ )
v Source: Recovery Measurements (prior {6 culs)
Core Collection Recova[y Details:
Core Accepted: Yes £ {NO ¢ D
Core Tube Length: . L{ Jr _
Drive Penetration, 8384 ) 1f  H aciie s
Headspace Measurement: &0 { | .\l .
Recovery Measurement. 5L  F iz
Recovery Percentage: =3
Total Lengih of Core To Process: Rered eol §
1 .
2
Drive Notes: [Yecovd/ts ko F uehes 1t | wdy e
3 = \ A
d{’ﬁr 5 @30’{ -4 -?i'a E’@-M@M& fore Ee\;rr.-!-gw(;u §
Sections To Process:
A
B:
] C:
0.
Corg Field Observations and Description: Sadiment typo, molstire, coks, minor modifier, MAJOR mudifier, olher constituents,

odor, sheen, fayering, anoxic layer, dabds, plant matler, shells, biota

Notes:




ANCHOR
QEA &£

Sediment Core Collection Log

Page _f_ of
Job: Sheldon Harbor stationiD: S H— 0.2
Job No: {{cieX )| o] Attempt No. 7/
Fleld Staff: g 20 2 € Date: 2 /12 /2 F
Contractor: jAc LoggedBy: ¢ [
Vertical Datum; Horizontal Datum:
Field Collection Coprdinates;
Lat/Northing: Long/Easting:
A, Water Depth B. Watar Level Measurements C. Mudline Efevation
|DTM Dapth Sounder: Time:
DTM Lead Line: Height: o
Source: " Recovery Measurements {prior to culs)
Core Colfection Recovery Detalls; I
Core Accepled: ¥es// No D
Core Tube Lengthl 4 ; ;
Drive Penslration: 2éfmemliea <27 arhes
Headspace Measurement: -
Recovery Measurement: Z#lagmsbe « 57 Juchr <
Recovery Percentage: £
Total Length of Core To Process: §
3| L
Drive Notes: 1 YTl ot e
EF’(&S’!( fnrpu C/(J’»f u('f' '%f m{ﬂu&c’ of :B;
[eAe frmdion
}"' —
Sections To é‘rocass:
A
B:
+ Ve C:
D:
Gore Field Observations and Description: Sediment type, molsture, color, minor modifier, MAJOR modifier, other constituents,

MosHy cla tr/S/

odor, sheen, layarin %mxw layar, debris, plant matter, shells, biola

brig €A nbored ort betlom

f f(c: /‘f‘mr/ff ml

a*‘p(“

Notes:




ANCHOR

QEA =t Sediment Core Collection Log page’k of L
Job: CHELTDIN Hipd o Station ID:  Cpl-2%
Job No: {\ppdie- 0l O3 Attempt No. 1~
Field Staff: (# ND, LV, 5 Date: /182611 - oy TBA
Contractor:  pNGD Logged By: i 5 Pl
Vertical Datum: MLLW Horizontal Datun: YN &S 904}
Field Coliection Coordinates:
LatNorthing: &V \Lobha o N Long/Easting: {22 0B I W
A. Water Depth B. Waler Level Measuremants C. Mudlire Elevation
DTM Depth Sounder: =~ Timea: \"L%6 - Lo Er
DTM Lead Line: (0.1 FT Heightt A% £
 Source: peAN S HEVTUN, Recovery Measurements (pricr to cuts)
ONCLAND BaY R
Core Collaction Racovery Detalls:
Core Accepled: @l No N
Core Tube Lengtfi™” (% PT

Drive Penetration: {4 .0 FYL

Headspace Measurement: & 1, F 1
Recovery Measurement: ¢} .4 ¥ 1
Recovery Percentage: &7} Je

Total Length of Core To Process:  ¢(." L BT

Drive Notes: .
@-10" oF FRERFALL. BREAYS TARGALH
CGOMETHING AT SWURIEACE . ERGY BRIVE AT
P TIMAFT B2 v AT mARE,

[ Core Tube Length I
El
S

Saclions To Process;
A{tb - "LLF]_

A
8
+ C:
o:

Core Field Observations and Description: Sediment type, molsture, color, minor modifiet, MAJOR modifiar, other constituents,
odor, shaen, layering, anoxic layer, debrs, plant matter, shells, biota

Wi D WACTE VIGPLE AT cadl BEDWEEN SEZoNG Ad B

Nofes: 4T
S E*fﬁvmi‘g?: StHek




ANCHOR

QEA £ot Sediment Core Collection Log 2
. Page s of &
Job: GHELTDM pisbptl Station ID: &Pt - %
Job No: 11000% ~pl ol Attempt No. <7
Field Staff: N®,EV, e Date: /4] 20 {7
Contractor:  hJY4% Logged By: 1S
Vertical Datum:  MLLYV Horizontal Datum: W &G @4
Field Collection Coordinates: _ ‘
LatNorthing: A1* v2.-407171 ™ Long/Easting: V2% 04, 402472 w
A. Water Depth B. Water Level Measurements C. Mudline Efevation
DTM Depth Sounder: — Time: {1t % -5 €f
DTM Lead Line: 4.1 F¢ Height: ‘H A FPL .
Sourge: foh A SH C LT Recovery Measurements {prior to culs)
oML HARBUR .

Core Accepled: (Yes)/ No
Core Tube Lengii™ {5 ]
Diive Penetration: \4 & =T

Core Colleclion@overybetails:

Headspace Measurament: 3, 1 Fr
Recovery Measurement, . 1.2 Bp
Recovery Percentage: @54 1.

Total Length of Core To Progess: 10,4} T =

Drive Notes:
Enci vive folt glpcl BIve Feer,
WE RN DRWE

l Core Tube Length ]
&
£ ]

Sectlions To Process;

¢-%5% Er

(2;1“3 B Wﬁ F‘{

A
B:
4 C:
D:

Cors Field Observations and Description: Sediment typs, miolsture, color, minor modifier, MAJOR modifier, othet constituents,
odor, sheen, layering, anoxic fayer, debils, planl matter, shells, biota

AT UF \WMER RELEASED oy BOTIOM oF S€ONor A wHEN AT

Notes:
AU An Y LB




ANCHOR
QEA &=

Job: Stieftoa thulos
Job Not JHHed R - o2 el
Fleld Staff: v I3 /j#5/ £ D
Contractor: Af5<
Vertical Datum:

Sediment Core

Field Collectio
Lat/Northing:

Coordmates

2 BT

A. Water Depth

B. Water Leve! Measurements

Collection Log

station 1D: f SH -3
Attempt No. o

Dale: ¢ '3/‘?{/20f 7
Logged By: { f
Horizontal Datum:

Paga\_i_ 053

LongfEasting: { 23° 5., O3 7

C. Mudfine Elevation

DTM Depth Sounder: Time: {24
DTM Lead Line: 4,77 P Height:
Source:

Recovary Measurements {prior to cuts}

Core Collaction Rggovery Detalls:
Core Accepted; ed 1 No
Core Tube Lenagllt {5 '{D'E

k4

[]

Drive Penetration: LA 47

Headspace Measurement: & O‘;{’ 'i‘{“
Recovery Measurement: 5, ‘717 44
Recovery Percenlage: 2454

Total Length of Core To Process: 4, & £¢

Drlve Notes: D;‘ura’, wrff )L“ b, S 11:1& Al /}'\e')(

]

[]

ik ,mqﬁuml Zwe ﬂoﬂrmf( ozdwuh

B

f‘qlfal, v d u,n {r‘mad M cele % ")

T

| Core Tube Length I

Sections To Process:

[

2(QF =

Core Field Ohservations and Description:

Sediment type, moisture, color, minor modifier, MAJOR modifler, other constituents,
odor, shean, layaring, anoxic layar, debris, plant matter, shells, biola °

Notes:

&

/o



ANCHOR

QEA st Sediment Core Collection Log g
. . Page Lot 2-
aob: 1SS Shellos Hubo s staionio: SH-14 (B
JobNo: [fois'Z~ /1.0 Attempt No. § |
Field Staft: /DS EP HS Date: %/ /291 7+
Contractor: A4s3 ~ Logged By: " = 2
Vertical Datum:  WALLW Horizontal Datum: (S 24
Field Collection Goordinates: :
Lat/Northing: LangfEasting:
A. Water Depth B. Water Level Measurements: C. Mudilne Elevation
DTM Depth Sounder:  — Time: | Y R0 ~\A% Pr
DTMLeadling: |™ .14 D1 Heightt - 0.4 FT
Source: td4v Ap GHE LUTOWN, Recovery Measurements (prior to culs)

O AT B

;
Core Collection Recovery Details: }

Core /&.c':cepted:(ﬁgs I Nd, D
Core Tube Length: & '

Drive Penefration: £\ "'

Headspace Measurement:

Recovery Measurement: %' 1" i N{AMDING Lol 2"
Recovary Percentage: :

Total Langth of Core To Process: 1° y"

]

Drive Notes:

EhG4 DBWVE WDl RESIIANGE AT END

I Core Tube Length ]

Sections To Process:

L=l el L

Core Field Observations and Description: Sediment lypa, moisture, color, minar modifiar, MAJOR madifier, other constitvants,
odor, shesn, layering, anoxl fayer, debrs, plant matter, shells, blota

Notes:

AT 04T OV @RE DOTOM QURING APPING (24t do poreess 20 11"
pluiN_oke =~ :

(3.9




ANCHOR
QEA &&=

Job: CEAETTHIN BAARPLE.
Jobh No:

Fleld Statf: (N2, 1 =D, HG
Contractor: A5 <

Vertical Datum:  aALLYV

Fleld Collection Coordinates:
Lat/Northing:

A, Water Depth

DTM Depth Sounder: - Time:

Sediment Core Collection Log

tong/Easting:

B. Water Level Measurements
LALL

. Page _L of Hl;
stationID: <-4 LR
Attemipt No.  { .
Date: 3%} L4 {7
Logged By: W<,

Horlzontal Datum:

WES 44

C. Mudline Eievation
-~ A6 ¥r

DTM Lead Line: V2.1 ET

Height ~p.6 [

Source: MNUpA GRELTIM,

Recovery Measurements (prior to cuts)

Core Collection Recovery Details:
Core Accepled: /No
Core Tube Length: Yo {

6 Al AD P2A] .

wWASH &

L= AVEN
WY €

Drive Penelralion: #' ¢ 1"

.*.2'3

Headspace Measurement: 1" 4

Recovery Measuremant: 21 Q%°

Recovery Percentage: "1 'J-

Total Length of Core To Process: 3¢ 0"

Drive Notes:

EAGY DRIVE. Mo RE Re;q\,smﬂ =

Core Tube Length

ASWAEDS BUT DM

I

Seclions To Process:

Qo= |®

Core Field Observations and Description:

Sedimeny type, moisture, color, minor modifier, MAJOR modifier, other conslituents.
odor, shaen, layering, anoxic layer, debds, plant matter, shells, biota

Notes: _—

—
-~

. ﬁ: 3 " W o 4

.

PILUN (ORE

L@fg/‘é to ppess 3

Ps s

L ARLVE




ANCHOR

Job: CHELILIN A A RS 2.

N Sediment Core Collection Log page Lot L.

Job No: \\ugose -0y i}

Field Staff: IN®, €9, e

Contractor: WGL

Vertical Datum: PLLyV

Field Collection Coordinates:

LabNorthing: 4715 1241644 N

A. Water Depth
DTM Depth Sounder: —
DIM Lead Line: 4L T

Core Collection Rg_sovery Details:
Core Accepled: {Yes)/ No
Core Tube Length. {5.1 Ff

Station ID: SH -4

Aitempt No. 7~

Date: 4| 2uit

Logged By: (&

Horizontal Datunt: GG @04

Long/Easting: | 23" 05 54144 W

B. Water Level Measurements C. Mudline Elevation

Time: V43O - % T

Height: —p.2 F1

Sourca: INC AN SHELTDIN, Recovery Measuremants {prior to cuis)
EAEALAND HARRLR. .

Drive Penetration;, Q-0 =Y

Headspace Measurement. <& €T

Recovery Measurement: w-& 1 ]
Recovery Percentage:  ¢,0 ¥1. g
Total Length of Core To Process: L.ty T §
FIELERILE
Drive Notes: e
g
O
&1
Sections To Process:
A -3 FT
B B¢ Pf
$ C:
D
Core Filold Observations and Description: Sediment type, mofsiure, color, minor modifier, MAJOR modifier, other conslilugnts,
odor, sheen, layering, anoxic layer, debss, plant matier, shells, biota

ST SenwERN oo A4 D

CAND BEIWEEN _cfeflont P24 SHoE

Notes:
f.gfxwwl CRAVEL 1M Cok




ANCHOR . ;
QFA it Sediment Core Collection Log

Core Collection Recovery Details:

Care Accepted: { No

Care Tube Lengfﬁ’fg

Drive Penetration: }{ ?L

Headspace Measursment: &,0%
Recovery Measurement: f, 7

Recovery Percentage: <[{) 7.

Total Length of Core To Process: 9,4 1

| Core Tube Length ]

L]

[]

Pagegofé
Job: Shelfor Mok station 1D: 5H ~ 22
dob No: H{(Y2OR - i Attampt No. 7
Field Staf: ¥ 1\ IAS. F 1P Date: 2/9/ 70|
Contractor: /5 Logged By: [~ [0
Vertical Datum: A LAY Horlzontal Datum: NG& ity
Field Gollestion Coordinates: . )
LatNorthing: 4 77 {247 2Y ;1/ Long/Easting: J2.3° 0S.20%05\,/
A. Water Depth B. Water Level Measurements C. Mudiine Elevation
BTM Depth Sounder; ™ Jime: j{oY o FT
DTM Lead Line: (» & 1 Height: .4 F[
Source: MYAR SHBTEN, - Recovery Measurements {prior to cuts)
G AL AD A .

Drive Notes: ”&\;;\ a4 J’t\—c: 'fé;(’) Hea Casy C‘z\[‘:Vf"g
down 1(«*9 A {0 PE L Dvntle relvtrvnl Sold
viat |~ L ¥ mbore mudlie pnes SBFL
Seclions To Process:
ag-Y 7 £
B:H{ - 4. S ¥
. * ] G
D
Core Field Obgervations and Description: Sediment type, molsiure, color, minor modifier, MAJOR medifier, other conslituents,
odor, sheen, layering, anoxio fayer, debris, plant maller, shells, blota

Lest aleirt 2 heles oud of He bottnng ot core A Juinls A O»f‘f%ii%,

Notes:

W GAND o aELt KA 1t SHeE




ANCHOR

Page L of __7:

QEA cer Sediment Core Collection Log
Job: LHELTUN dARBe Statton ID: G\ -2,
Job No: Vlppot: ol ol Attempt No. |
Field Staff: NP, E P, YL . Dater 10 T 2u\T)
Contractor: 5% Logged By: 1S

Vertical Datum: PALLYY

Horizontal Datum: W 5 €4

Field Cotlection Coordinates:

Long/Easting: {12° 6% (1L5H W

LatiNorting: 41" 1. Bapip

A. Water Depth B. Water Level Measurements
DTM Depth Sounder; — Time: 1200
DTM Lead Line: {1.1 FT Heightt 1.1 FT

Source: oA SHELTTING
ORELATD ey

Core Collection Recovery Detalls:
Core Accepted: Yes /

Core Tube Length: {5 7T

Drive Penefration: ASL BT
Hesdspace Measurement: 1.5 FV{
Recovery Measuremant:  *h.%
Recovery Percenlage:  ¢,'% 7.,

Total Length of Core To Piocess:

Drive Notes:
" GF FREEFALL. Aol AS' PEMETRATIM
CAOWED Dpwl AEPATICANTLA

C. Mudline Elevation

-5 L

Er

Recovery Measurements (prior to cuts)

L 20

| Core Tube Length 1
=

fLE

/

Sections To Process:

B (o0 1 Pog

Core Fleld Observations and Description;

Sediment type, molstute, solor, miner modifier, MAJOR modifier, other constitzents,
odor, sheen, layering, anoxic layer, debris, plant matiter, shells, biota

Notes:

WHOD 2 GAMD BrHLIM VF chuis




ANCHOR . .
QEA o Sediment Core Collection Log ,
Page _\_ of é
Job: CHELT OV HALBOR. Station ID: &P - 21
JobNo: ilogpe—ol.Cl Attsmpt No.
Field Staff: N B, (P, HG Date: Cerfd} | 28|17
Contractor: MMZL> Logged By: G
Vertlcal Datum; wigs MWW Horizontal Datum: W % © 4
Field Collection Goordinates: N
LatNorthing: Z¢ ). i L4409 0@ M Long/Easting: 13 ¢ 4.9¢439 W
A. Water Depth B. Water Level Msasurements C. Mudline Elevation
DTM Depth Sounder: "~ Time: {1 4¢ 5.5 Fr
DTM Lead Line: \§ @ PC Heightt 5.8 T
Source: ¥V AR SUHELVTLE Recovery Measurements {prior to culs)
S0 OREANTD B .
Core Collectio ovary Details:
Core Accepted: { §s i .4
Core Tube Length™ (5.0 FT .
Drive Penelration: 14%.0 &{
Headspace Measurement: S.4 T {7 -
Recovery Measurement: @ v ¢ [
Recovery Percentage; ¥t iV L9 =3
Tota! Length of Core To Process: ’ §
ol (W2
i
{Drive Notes: e
| FU oF FREERAL BeFeRE GUIFTER- §
A TERA R
Sections To Process:
A
_ B;
$ L C:
O
Core Field Observations and Description: Sadiment type, molslure, color, minor modifier; MAJOR modifier, other constituents,
ador, shaen, layering, anoxic layer, debris, plant matter, shells, blota
Notes:
GALT et GYE




ANCHOR

QEA s Sediment Core Collection Log page ot 2
Joh: %7 Sff’*f”ﬂ/’ l"h/é}»"f Station ID: f)H 22
Job No: e~ 2/ Atlempt No. ¢
Field Staff; }/[3 /5 = Date: @/ / 7¢5 "2
Contractor: /Yf5<) Logged By: - [
Vertical Datum: kL Ly Horizontat Datum: W GE, @44
Fleld Collection Coordinates:
LatNorthing: Y4 7¢ {24 9125 1) Long/Easling: /2 %D 25,70 3 |4
A. Water Depth B. Water Level Measurements C. Mudtine Elevation
DTM Depth Sounder: Time: {{ (¢ 47 FY
DTMLead Line: /. .+f A& Height: ¢} 1
Y Source: IMOAA GHELTEM, Recovery Measurements {prior to cuts)
QAEVEMD PAA .
Core Collection Recovery Detalls:
Core Accepled: Yes @9)‘ D
Core Tube Length:
Drive Penelration; 4
Headspace Measurement: ’
Racovery Measurement: [
Recovery Percentage:

Taotal Length of Core To Process;

L]

Core Tube Length

R 2r. 0 A N : MR
Drive Notes: (3" of dree Jall, Lefusa/ ¥
Y K
¢
Sections To Process;
A
B:
+ / C:
D:
Core Fleld Observations and Description: Sediment typs, molsture, color, minor modifier, MAJOR modifier, other constituents,
odor, sheen, layering, anoxic layer, debris, plant matter, shells, blota

Notes:




ANCHOR

QEA s Sediment Core Collection Log
. Page L of Z—
Job: SHELTLN HAL RO Station ID: SH - 1Y
Job No: {apch ~DL o Attempt No.  {
Fleld Staff: (3 B, EP, 1S Date: /4| 2c477
Contractor: pASC Logged By: S _
Vertical Datum: (AL L Horizontal Datum: W (5% @4
Fleld Coliection Coordinates: _ R
lavNorhing: A1° 12..471047 W Long/Easting: 113" 0S. 547 % W
A. Walter Depth B. Water Level Measurements C. Mudline Efevation
DTM Depth Sounder: = Time: {355 -9’1 v
DTMieadLine: .1 1 Height 0.4 7
K Source; THOAS, SHELTTN, Racovery Measurements {prior 1o cuts)
COAREULANTD BAY .
Core Collection Reco Details:
Core Accepted: Yes f No) D
Core Tubs Length: % FT
Drive Penelration; 3. V ¥T
Headspace Measurement: .
Recovery Measurament:
Recovery Percentage: £
Total Length of Core To Pracess: 8 .
of VS
O
Drive Notes: £
b
8
Sections To Process:
Al
B:
) C:
D
Core Field Observations and Description: Sediment type, moisture, color, miner modifier, MAJOR modifier, other constituents,
odot, shean, layering, anoxic Jayer, debris, plant matter, shells, bicla

SIRNDS GRAVEL

Notes:

REJ Copeb BPASED o LENGDA




ANCHOR

OFA St Sediment Core Collection Log / I
f ) _ Page / of _f
Job: Sheloa Holor Station ID: SH -0
Job No: Jicep:2--09), 24 Attempt No, |
Field Staff: V53 HS, £1" Date: 374/ 7 ej 7
Contractor: #1573 Logged By: £ °
Vertical Datom: Horlzontal Datum;
Fleld Collection Coordinates: ’
Lat/Northing: Long/Easting:
A, Water Depth B. Water Level Measurements C. Mudline Elevation
DTM Depth Sounder: Time: GbEtL {03
DT Lead Line: J & Helght:
: Source: Recovery Measurements (prior to cuts)
Core Collection Recove Detai!s: '
Core Accepted: Yes i D
Core Tube Length: ’f_
Drive Penstration: ‘{ 1RLE
Headspace Measurement: . 25
Recovery Measurement: 3,75 ]
Recovery Percentage: & <7237, £
Total Length of Core To Process: L
5| ]|L]
Drive Notes: s
7 3 ot Lﬂf"e ‘ﬁfx[f 14"%% fﬂn wi dth §
sffP ) r
5‘”/\&&} ::1 rera = Lt M LC, Gore cadele|
&4{);2:\ bt elomed w/ Cleny wradesr raaadey Sections To Process:
A}L c:A,{ ot cure "}wtf:c R Al
| B
* - C
D:
Core Field Observations and Description: Saedimant type, moistute, color, minor modifer, MAJOR modifier, other constituents,
odor, sheen, layering, anoxic layer, debris, plant matier, shells, blota

_@g& e, cv?dcwj cor _mix ol gl sl el by ~ A0 Liies

Notes: ((f‘t’

3"%%‘“&3(3’& szﬁ}?f ‘?bcﬁ;bu{ ¢4 [ of capre f-m(,(?

“ Cf’jéf’; ity ‘{"'o(

/Ltuf( e Tak f:af

32350y N 1237 o5 wies v




ANCHOR

QFA 22 Sediment Core Collection Log page of
dob: Shiellon Haboo Station 10:_HH- 03
Job No; [/L00 8 Jigy Attempt No. 2
Fleld Staff: /5 Us. £1° Date: 3/4/20(7
Contractor: AS5 Logged By: £ [°
Vertical Datum: Horizontal Datum:

Field Cotlection Coordinates:

Lat/Northing: LongiEasting:
A. Water Depth B. Water Level Measurements C. Mudline Efevation
HTM Depth Sounder: Time: 05 30

DTM Lead Line: YA 2.7 Height: £, BE
Recovery Measurements (prior (o culs)

Source: ploAf alictien

Gak‘w{ B—'f"k ¢
Core Collection Recovery Detalls: -
Core Accepled: Yes [ No D
Core Tube Length: |5’
Drive Penstration: [{.0R]
Headspace Measurement: ¢f . &y
Recovery Measurement: £ 5.1
Recovery Percentage: 573 /.
Totat Length of Core To Process:

Drive Notes: | Io‘{ 'Ff't‘*ﬁf[’ {\W\d nm’cf)iﬁl‘,‘d/ m’SZLl-
AT wader, Gore pnfele :/.%f?fjﬁ wl o LHIe

setad i ﬁ()fqbeb

]

I Core Tube Length I

Sactions To Process:

229 I=

Core Field Observations and Description: Sadiment type, moisture, color, minor modifier, MAJOR modifler, other constituents,
odor, sheen, layasing, anoxic jayer, debis, plant mattes, shells, bicla

Notes:

Uoﬁgﬁ

qP¢ N2 5207y 123 0% HoBh W



ANCHOR

Cora Accepted: Yes /
Core Tube Lenath: {37

QEA et Sediment Core Coliectuc;n Log Page 3 or 1
Joh: Station ID: SH\(}E
Job No: Aftempt No. 3
Field Staff: Date:
Contractor: Logged By:
Vartical Datum: Horizontal Datum:
Field Collection Coordinates:
Lat/Norhing: Long/Easting:
A. Water Depth B. Water Leve! Measurements C. Mudline Elevation
DTM Depth Sounder: Time: [O0L
DTM Lead Line: &, & Height:

- Source: Recovery Measurements (prior to culs)

Core Coliection Recovery Details:

*

L]

Drive Penelration: [, 54 I'[

Headspace Measurement;

Recovery Measurement:

Racovery Percentage;

Total Length of Core To Process:

Drive Notes:

]

[« 5' [ f*feg L‘d [ eacwuatered f‘c-*f:q‘mf

i u' ! )rﬂm‘i«, in C’f_}uc u{H‘c./

| Core Tube Length |

Sections To Process:

2 L Py

D

Core Field Observatlons and Description: Sediment type, moisture, color, minor modifier, MAJOR modilier, other consttusnls,

odor, sheen, layering, anoxic layer, debds, plant matter, shelis, biola

Chusak (;hg;;? M tnHom vt care.

Notes:

312, 95203
(72" 06 wpsib L/




PROJECT:

Sheldon, Harbor—

l.og of Core

No. sH-l14

CORE LOCATION: SH-1 ] .

* {ELEVATION AND DATUM:

CORING CONTRACTOR  AA € S ( k@\

onte stARTeD: 3|y ] (-

oATE CoMPLETED: F 11y

CORINGMETHOD:  Predpu. co m‘\xr\

i
PEMETRATION LENGTH:

PERCENT RECOVERY:

CCRING EQUIPMENT:

Vo Cove. (ARQ)

RECOVERED LENGTH; 5‘1 Ay

SAMPLING METHOD: (", + Twdp Zew glices

LOGGED BY:

V), Backer—

CORE DIAMETER: 2“ vol cartoouna e [potes: |
7 FIGLD-ESTIMATED % HEMARKS
E o DESCRIPTION Gravel | Samd EMAR
55 SAMPLES HARE {USCS Symbal): color, maisture, plasiclty, consistency, structie, comentation,} o P § AND_!OR
= tacton wih HCL. goo'ogic Intoretation. jE1g1gl218iF TEST RESULTS
by Sj¥ ig|eltr
loa-go-[0-12 we,hgmy, sot+ <iIr Wt |
_{osaool ""qugﬁ% s, G5 % oo 5 8]
UTNCTY-T-3.4 7 lwm: YA pieces
loshosy ev% . Uoper \"hu
. )
- ,/,, /\
_ ®
] 137 U;(J A ] J o
< {B?a per wx Tel Al wiood B,

PiojectNo | { (DO - 010\ i

I Page 1 of ___

PotreroConet op.xis



Prosect: Sl Lo Yoo e

Log of Gore No, SH-22 #2,

GORELOCATION:  SH-2 2. ELEVATION AND DATUM:
CORING CONTRAGTOR Mg &, ( p(®\ DATE STARTED: ?—[ {13 |onre COMPLETED;T}{H Y
CORING METHOD: ’_P”g\-m cm‘v\—-\ PENETRATION LENGTH; PERGENT RECOVERY:
CORING EQUIPMENT: '.?-S\-,,M m(&\ recovereotenaH: Z(e vy
SAMPLING METHOD:; C»d- oy Zoewn Shu-s LOGCEDEY: ) B e her—
CORE DIAMETER: 2 poly cororiinke  [Notes:
7 ' FIELD-ESTIMATED %
Ez DESCRIPTION Gravel | Sand REMARKS
& 8] SAMPLES  nane uses Syrbo: cohor, moistue, pasticly, consistency, stae, ceaentation | =] E k4 AND/OR
A= raction with HE, gewtegss Intorpretation. 12151418 = TEST RESULTS
{su-12-6E0- |00 weh Wod - ST+ _
40500, ~—Y el ﬁ%ﬁ%ﬁ%&(ﬁ&% ' (@ L)
: et - 0 U von-pls fes ol | ] |
B8R ol RS Bden 25N b | ] ]
joew | 1Y com.
| [6- Z‘fc.w '56"'?5'/ brde.
. e €
_ QL\%I Llh..S
i 16-79 wek, brivm kb avoey weod., .
! em sHE wep el (Corte b} || |Gl
i ©S-157 bovl FYH&MS ) ,
: 3%*60 W'@j'. ‘DW\&J_“-\\'I '—?*-'f; l R
] ¢ wed. $H ke Brmghy A
_ TSI e, =T ®
| sH-§0 saw:,@ WM? AN g “__:_,“_lfa,qg_- . .
N va: wodd . ef. JGVWJ ' i l_ . .
Cored) Hrreyh
- - shelt—agh I
- ————{Meek~ SthHzSﬂtw :
i 60=70_ _wel olive awny, Wod.sKH, | )
i a0k, 20°75% bed | | | | 2h (6B)
i %ﬁu«% o Vot 1
) Wou-pl, fives , sl. H;S ednt | ] _
i ’h"qcav Slel ]
| _ acvese to 0% vosd | | 1y
i | from 95-80cm.
9
Project o {1\ QWD G- 01.01 | ) Page 1 of __

PotreroCoreLog.xis




Sediment Core Processing Log
Job: Shelton Harbor

Station ID: & ’N - @6«9 (/'n

P ANCHOR

QEA &2

Job No. 110008-01.01

DatefTime: A{¥[IF %/7//73

No. of Sections:

|

Core Logged By: Casey  Jrrve 4

Drive Lengtht ¥ /¢

Aitempt #: /

Recovery: 7- [t

Type of Core - Mudmole Vibracore

% Recovery: Jm Fh /e

Diameter of Core {inches) g

Diver Core _ PiSTh) (ke

K

6

A0

IIIllllllllllillllI|IIII|IIII|II

L [/. {/ il 1 {r
&f D upic Q‘ZIA{@{J ;’,_f,m gﬂf:_q

@ C(O f’wai {":‘f;‘}ﬁ‘c’rlf; s C T f,_m;;
i

lllllllllllIIIlllllll[lllllIllillillllllllillli

Notes: Core Quality / Good~__ Fair Poor Disturbed
N i
Cis T he] 9
= @D T o~
g 3 E|E Classification and Remarks §E 2 85
3 %, et 2 (Density, Moisture, Color, Minor Conslituent, MAJOR § % % E ;q'é
86|l 8lg Constituent, with Additional Constituents, Sheen, Odor) 88 3 a9
ea| 8N N | H &
Zlola : .
. ; 7 . . \'U"-!T B TP N - -~
— O |15 Ry 0=39 Df N G , #oisC (e //&}f. s ff - SH~iy-GEO |~ 0~ 3
= emo L - ' JH - i~ GEelc02 - fCov
N Jafff sl shelt fash
. ) . i i
0= wo/ g @ Reom AR (
— r)‘)(‘sw /o;;z;
P \
fU—
-+ 135 olove grey ot silt
T oo | 31-4% olvegrey s wastply s
g il 5[ S'{c(t’ /{&i’b/yf '(XI'QH?/{OJ6
50‘/1( fiil' fsw‘f’f‘ {;’fm; {gfl).' {.0{{”{ :.{ifry,

Page of



Sediment Core Processing Log
Job: Shelton Harbor

Station iD: S/ —07F -

ANCHOR
QEA &&=

Job No. 110008-01.01

Date/Time: 8/09// 2 7200

No. of Sections:

Core Logged By: (,cm Jurtex b

Drive Length: 257 4.4 Allempt# Y
-[Recovery. .4 Type of Core Mudmole Vibragore Diver Core
% Recovery; S Diameter of Core (inches) &/
Notes: Core Qualily Goed?  Fair Poor Disturbed
sl 8|23 —_
gE g (‘E E Classification and Remarks g E 2 g5
285 o | = | s {Density, Molsture, Color, Minor Constituent, MAJOR 28l 8 £ Ex
N @ A o " ) 22 o @ E x
J R ) g e Consliluent, with Additional Constituents, Sheen, Odor) @ o o0 a0
-] N N N o -
] w o
= |V 5 |75|0-215 Wit med, spf grer s/t B SA-07 0047, 7
— sl Aell Auwk. fcw [ﬁ}f m} —
_ Sutae smoll prevat. guvfer( —
: 9 07 wod dobr %ma - u
— LY fv 175 e wed et f};?-mf}‘ —
- 25% t 35/ —
- 7 = SH-OS -1 F - 37
e -2} Wood et -
. 2,5 Wi et L
n J [
. : o 3. Whod - Huystent -
. . wmch Ak [
. AL
= (ﬂﬁ l{O @ 3 " "% {,ﬂé‘? Sesd /‘d}/e.’fl‘ 0. oy .
*;'ns ery U)‘- . 4 L :
— & 3y wood frwrﬂen fo, Of -k thick, bl —
4= B ) — SH-03~
By 7ol (379 b ‘5.-’5’ Sty Snd , peds depse [ 75— b
"’ :" ]‘f\t‘L[ fo m? S“Adl S)ué faﬁA'J.fl*f :—
— vradl apant e ame x;—awﬂ@( {;fc’)r‘ﬁiﬁi —
: (,(!t‘( g Hi s (t ) :
. Gy = Lencdion of o1ty 35od G0 wre = =03
— ' ; iy d ks — 3 v
- 6 g‘j {0 fﬁﬁd, Dersp, cowrve {o mad o — =56
ek -

Page / of 2




Sediment Core Processing Log
Job: Shelion Harbor StationID:  J% - 0 F

A ZE; ANCHOR
QEA &8

Job No. 110008-01.01 Date/Time: 8,/01/17 j2u¢
No. of Sections: Core Logged By: ¢T
Drive Laength: 597 p. 4/ Attempt #: |
Recovery: 5. Type of Core Mudmole Vibracore Diver Core
% Recovery. 98 </"/., Diameter of Core (inches) 7
Notes: Core Quality @60d Fair Poor Disturbed
T § E g’) = B
SEI L1 3| Classification and Remarks A 2 85
zE < | = | {Density, Moisture, Color, Minor Constituent, MAJOR zZE oy E E 3
a6l ol @8] 8 Constituent, with Additional Constiluents, Shean, Odor) a5 & =87}
= N e N ¥ —i w0
.. Bl |0
S5 s [0 -
Ay @575 sand of st | small B of gmuel -
| T ) —
_ traps bin fo {rpun, 31&#-47;:,/«/‘ ; n
:_ d’vﬂ{e{ ,kuf' { ;
Page & of 2

s



Sediment Core Processing Log
Job: Shelton Harbor

Station ID: A7~ 3]~ ¥¢

B ANCHOR

QEA &&=

Job No. 110008-01.01

Date/Time: O%/ 0v//F /5 23

No. of Sections: 7.

Core Logged By: s, JFonsch

{Drive Length: AYF {{ £€

Attempt #: 4 7 ’

Recovery: 11, Tf Type of Core Mudmole Vibratere Diver Core
% Recovery: &%, Diameter of Core {inches)
Notes: - Core Quality (od. Fair Poor Disturbed
g \-::;‘— g 53 = Classification and Remarks § £ 2 g 5
§ Bl | ® e {Deansity, Moisture, Color, Minor Constituent, MAJOR 25 E £ E 3
86l el 8l Constituent, with Additional Constituents, Sheen, Odor) 85 @& 5 o
o N o R o (2]
| o |w

- (O |5 15|00 Vey St wet, arey SIE - T 5375 |~

_ [fesente o srgan. i) R0 et G-2=1708ht

oo @ los =30 sa fo ' —

B o | ’ 2, St fo om selt OM Of'(/(’J;/‘c’f B

— ST preveme of ol f}.yf;/}a‘m{'—ﬁ’ —
I - sf{?f?f ;:J(’AQ{ oc)a’f’; _ _—

— (s to mod ﬂ/a:‘{:t'rfy- 3035 ond »

N @ 14 v 0 # wwd Frassent u
}'_ 2 2{ f«q}(ﬂ? &?‘iﬂw{f} — ?;"’*"3/’—5& sg“vgﬁ ’
ST T 504 m soft 6 fim ol goy =

o O Il e AR AT (A S B EO TR

- e, Lo bo pal pleste7y - 3 -5 7080

B prevace o o};‘f{’ er f/?c’-’? b B

- 4.5t Oyster chells -

- R -

e i -
D \1/ 3

n Page ) of £
{onit, on [' = I
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Sedimént Core Processing Log

ANCHOR

Job: Sheiton Harbor Station1D: S/ L — 71 , QEA &=
Job No. 110008-01.04 Date/Time: 0¥ /01/1 7
No, of Sections: 7 Core Logged By: CF
Drive Length: j&=8 iYL} Attempt #: 2.
Recovery. 11,3 T+ Type of Core Mudmole Vibratore Diver Core
% Recovery: 21 Diamseter of Core (inches)
Notes: Core Quality Cead Fair Poor Disturbed
selz| 88 3& >
2 = g S Classification and Remarks 1 8 &5
2EBl 2 | ® |2 {Density, Moisture, Color, Minor Constituent, MAJOR § B & = E T
861 el 8y Constitusnt, with Additional Constituants, Sheen, Odor) 8 & P av
Fr o B I M 2] o J
n 4] [74]
' SFL-3150-
§ -7 - 1A

!III‘!IIIIIIIllllllllllillIllllllllllllll1l1lllll

1

. 3 _
Same, mid. Frm olive ;/ej,r

@ 9. CP'}/:;‘E:‘.’K chell

SEL 3-5d~
7-7- rokoy

JArs 7i- 3¢~
q- 10-/708p1
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Sediment Core Processing Log ANCHOR
Job: Shelton Harbor Station 1D: ~SAF—22_ §H ~2 Z QEA &=
Job No. 110008-01,07 DatefTime: 09/09 /7 %
No. of Sections: .. Core Logged By: (7%, sey T8 CA
Drive Length: j{ B4 Attempt#: 4 7
Recovery. G.ed{ @.4Ff Type of Core Mudmole Vibrastte Diver Core
% Recovery: dp%e Diameter of Core (inches)
Notes: Core Quality Goed Fair Poor Disturbed
B o ® N
g £ § (},% ;Ej Classification and Remarks g € 2 gg
g Sl = | = | (Density, Moisture, Cofor, Minor Gonstituent, MAJOR g g 2 £ £s
85| ol 2l e Constituent, with Additional Constituents, Sheen, Odor) g5 @ 3 Ui
N N w
c—l1ale | e
[ O |5 (25 0-05 Suft, wieb g ey v f‘l", wood — SH-2-6EO~
e ')‘{??MC'A.{J 25}% l _\—L:i";:( a:/(;f‘ | GQ&OR“’}?OﬁU?
— 0 [1535 |05 - L7 Mad. ‘c’g{;ﬁ: J% ofide '/:’/ sl —
— iabod r‘ﬂfm@nf | Mfoo;ﬁc;f e {UJ,/’r Al ~
, — »‘Jér —
- o 175 "7}_' / 7-& 2. smod. sof{ plive 71’?}:‘ y /%" et -
| 25 |7 |
AN SleAl ghull A Urouspon C 57 1
— f}eﬁc’/’('t’ o OE 5”46{{ wek to
— ..Qt,;g} )'w{) a:fy»{/m‘“ ')“I;'qf:‘-f /f'fé‘e”:e —
e of  wial ﬁ/o/zm ents -
-‘? — —.
'_} ey p—
: Gl -‘) :7 i‘h.;‘r: {f{. /f")n/} w/{de’fff wad feced :
“i _ 56807, £y, 0.2 5% B v/
- . - SH-22.p 00
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1.0 Introduction

This report presents the results of the 2017 Sediment Profile Imaging (SP1) survey conducted in
Shelton Harbor, WA, in support of the Shelton Harbor Remedial Investigation and Feasibility
Study (RI/FS). NewFields, Edmonds, WA, was contracted by Simpson Timber Company to
conduct the survey on July 10 and 11, 2017. Technical direction for the survey was provided by
Anchor QEA, Seattle, WA. The focus of the SPI investigation was to determine the presence of
woody debris in surface sediments, determine the presence of methane gas and bacterial mats,
and measure the depth of the apparent redox potential discontinuity (RPD) in Shelton Harbor.
The apparent RPD depth approximates the depth of oxygenation and biological mixing in surface
sediments. Sampling methods and analysis protocols used for conducting the SPI survey are
provided in Section 2.0. Results are presented in Section 3.0 and a summary is provided in
Section 4.0.

2.0 Methods

2.1 Sediment Profile Imaging

SP1 images were collected using an Ocean Imaging System model 3731 sediment-profile camera
deployed from the research vessel (R/V) Nancy Ann, owned and operated by Marine Sampling
Systems, Burley, WA. The sediment-profile camera consisted of a wedge-shaped prism with a
Plexiglas face plate and a back mirror mounted at a 45 degree angle. Light was provided by an
internal strobe. The camera obtained images of up to 20 cm of the upper sediment column in
profile (Figure 2-1).

Over the course of two days (July 10 and 11, 2017), SPI images were collected at 62 stations
throughout Shelton Harbor (Figure 2-2). A minimum of one SPI image was collected at each
station.

2.2 SPI Image Analysis

Computer image analysis of SPI images apparent RPD depths followed a formal and
standardized technique developed by Rhoads and Germano (1982, 1986). Physical and biological
parameters were measured directly from the digital SPI1 images by an analyst using computer
image analysis software. A minimum of one SPI image was analyzed at each station and a
duplicate image was analyzed at 21 stations (33% of stations).The image analysis parameters for
the Shelton Harbor survey included:

Wood debris (presence and percent coverage)
Presence of methane

Presence of bacterial mats

Depth of the apparent RPD (cm)

All data were edited and verified by a senior-level scientist before final data synthesis, statistical
analysis, and interpretation. Final SP1 image analysis results are provided in Appendix A.



Figure 2-1.  Schematic diagram of the sediment profile camera and sequence of operation on
deployment.



Figure 2-2.  Shelton Harbor target and actual SP1 and PV sampling locations.



2.2.1 Presence of Wood Debris

Presence of wood debris relies on the visual identification of wood-like particles in surface
sediments that contrast with the surrounding sedimentary texture. Wood debris can consist of
dark or brown particles, shards, bark, or larger wood pieces. The estimate of percent wood debris
in SPI images was determined visually using Munsell charts for estimating proportions of
mottles and coarse fragments (GretagMacbeth 2000).

2.2.2 Presence of Methane

Gas-filled voids in sediment are identifiable in SPI images because of their irregular, generally
circular shape and glassy appearance (due to the reflection of the camera strobe off the gas). The
presence of sedimentary methane indicates high organic matter loading to a system as
methanogenesis predominates where sulfate is depleted by organic overloading.

2.2.3 Presence of Bacterial Mats

Sulfate-reducing bacterial mats such as Beggiatoa can be visually identified in SPI images.
Beggiatoa can exist at the interface between oxic and anoxic conditions. It usually lives within
sediments and its presence on the surface indicates the lack of oxygen in underlying sediments.
In SPI images, the bacterial mats can appear as layers of white fibrous material or accumulations
of light gray organic aggregations. Sediments below these layers generally appeared black and
anoxic, devoid of any organisms or evidence of biological activity.

2.2.4 Apparent Redox Potential Discontinuity (RPD) Depth

The depth of the apparent RPD, which is the change from oxidized to reduced sediment, can be
measured using SPI and computer image analysis. The upper surface of aerobic fine-grained
sediments has a higher light reflectance value than underlying hypoxic or anoxic sediments. This
is readily apparent in SPI images and is due to oxidized surface sediment that contains minerals
in an oxidized state (typically an olive brown color), while the reduced sediments below this
oxygenated layer are generally green, gray, blue, or black. The boundary between the colored
ferric hydroxide surface sediment and underlying sediment is called the apparent redox potential
discontinuity (RPD). The apparent RPD is a sensitive indicator of infaunal succession, sediment
bioturbation activity, and sediment oxygen demand. The depth of the apparent RPD has proven
to be a useful parameter for mapping gradients of enrichment on the seafloor (Rhoads and
Germano 1982, Lyle 1983).

The actual RPD is the boundary that separates the positive Eh region (presence of free oxygen)
of the sediment column from the underlying negative Eh region (absence of free oxygen). The
exact location of the Eh boundary (where Eh = 0) can only be determined with microelectrodes.
Therefore, the reflectance boundary observed in the SPI images is termed the apparent RPD. In
general, the depth of the actual RPD will be shallower than the depth of the apparent RPD,
because organisms cause bioturbation of ferric hydroxide-coated particles downward below the
Eh =0 horizon. As a result, the apparent RPD depth provides an estimate of the degree of
biogenic sediment mixing. This variable is important in evaluating the effect of colonizing
benthos. Bioturbation vertically transports buried reduced compounds to the sediment surface
and exposes them to an oxidizing water column (Aller 1982). Bioturbation also affects sediment
transport by changing the physical properties of sediments and their mechanical behavior
(Rhoads and Boyer 1982).

Another important characteristic of the apparent RPD is the contrast in reflectance values at this
boundary. This contrast is related to the interactions among the degree of organic-loading in the

4



sediment, bioturbation, and bottom-water dissolved oxygen levels. A high input of labile organic
material increases sediment oxygen demand, stimulates the sulfate reduction rate, and results in
sulfitic products. This results in more highly reduced (lower-reflectance) sediments at depth and
higher RPD contrasts. In a region where generally low RPD contrasts exist, images with high
RPD contrasts indicate localized sites of relatively high inputs of organic-rich material, such as
wood debris.

2.3 Plan View Imaging

Plan view (surface) imaging was conducted using a downward facing underwater Chimaera
MKII camera with external flash, manufactured by SubC Control, Newfoundland, Canada. The
plan view (PV) camera and external flash were mounted on the frame of the SPI1 camera in a
downward-looking orientation. Images were collected just before the SPI camera touched the
seafloor, using a lead ball and cable attached to a bounce trigger.

Collection of PV images were attempted at the same 62 stations in Shelton Harbor where SPI
images were collected (Figure 2-2). Turbidity in the water column affected PV image quality. A
minimum of one PV image was collected at each station, with the exception of seven stations
(SH-02, SH-09, SH-14, SPI-13, SPI-26, SP1-27, and SPI-35). Useable PV images were not
collected at these stations due to high turbidity in the water column.

24  Plan View Image Analysis

Image analysis of the PV images consisted primarily of evaluating the images for the presence of
wood debris on the sediment surface. Percent estimates of wood debris for the PV images were
not determined due to turbidity affecting image quality. However, where wood debris was
documented the percent cover was at least 50% or greater in most cases. Final PV image analysis
results are provided in Appendix A.



3.0 Results

3.1 Wood Debris

Wood debris observed in SPI images in Shelton Harbor ranged from very fine wood particles to
large wood pieces and bark. Wood debris was observed at 52 percent of the stations surveyed (32
of 62 stations) (Figure 3-1). Of the 32 stations showing wood debris, 78 percent of the stations
(25 stations) showed trace amounts of fine, black, wood-like particles in the surface sediments®.
The amount of this type of wood debris was characterized as less than 1 percent by area in the
SP1 images (Figure 3-2). Fine wood debris particles were not evident in the PV images.

Higher concentrations of wood debris (2 to 15 percent by area in the SP1 images) were observed
at four stations surrounding the Manke log storage site, along the southern shoreline of Shelton
Harbor (SH-22, SPI-23, SPI-31, and SPI-37) (see Figure 3-1). The wood debris consisted of
large to small wood pieces or particles visible on the surface or in the sediment column. This
wood debris was also visible in PV images (Figures 3-3 and 3-4).

The highest concentrations of wood debris (30 to 50 percent by area in the SPI images) consisted
of large wood pieces and bark, and were observed at three stations located in areas within the
Manke log storage site (stations SPI-21, SPI-22, and SPI-29) (Figures 3-5 and 3-6). This wood
debris was clearly evident in PV images.

Presence of larger wood debris in PV images was generally consistent with SPI observations.
The PV image at station SP1-02 showed the presence of wood debris on the sediment surface
(Figure 3-7). However, the SPI image did not show clear evidence of wood debris. Station SPI-
02 is located within the Oakland Bay Marina and the wood debris was likely attributed to
activities within the marina.

3.2 Sedimentary Methane

Sedimentary methane was observed in SPI images at 5 stations (SH-02, SH-07, SH-14, SH-21,
and SH-25) within Shelton Harbor (Figure 3-1). The methane was observed as gas-filled voids
within the sediment column, and the methane had a glassy appearance due to reflection from the
camera strobe (Figure 3-8). Benthic habitat quality did not appear to be impacted at the stations
where methane was observed (i.e., apparent RPD depths were well developed and feeding voids
were visible, indicating the presence of head-down deposit feeding organisms). This suggested
that the organic loading at these locations may be related to deposition of natural organic
materials versus impacts from recent wood debris accumulation.

3.3 Distribution of Bacterial Mats (Beggiatoa)

Sulfate-reducing bacteria (likely Beggiatoa) were observed at 8 stations along the southern
shoreline of Shelton Harbor where wood debris was observed (stations SPI1-21, SP1-22, SPI-23,
SP1-29, SPI-30, SPI-31, and SPI-32). The Beggiatoa bacteria generally consisted of a white-
colored layer or coating visible on wood debris in SPI and PV images (Figure 3-1). The presence
of bacterial mats at these locations suggested the lack of oxygen in underlying sediments. In

1 The trace amounts of fine organic black particles mixed into the sediments were presumed to be related to
wood debris, but could be from other natural sources in Shelton Harbor.
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most instances, the underlying sediments observed in SPI images were black in color, indicating
low oxygen sedimentary conditions (see Figures 3-5 and 3-6).

3.4 Apparent Redox Potential Discontinuity

The apparent RPD depth estimates the depth of oxygenation in the upper sediment column and
provides an estimate of the biological mixing depth by infaunal organisms. Overall, mean
apparent RPD depths were well developed throughout most of Shelton Harbor, and ranged from
0.16 to 5.48 cm, with an average depth of 2.51 (+1.20 cm; n=83) for the 62 SPI stations (Figure
3-9). The presence of fine wood debris in low concentrations (less than 1 percent by area in SPI
images) did not appear to affect benthic habitat quality in Shelton Harbor. Apparent RPD depths
at these stations averaged 2.95 cm (£0.94 cm; n=36).

The shallowest apparent RPD depths were measured in areas within the Manke log storage site
where the highest accumulation of wood debris was observed (Figures 3-9 and 3-10). Within the
log storage site, apparent RPD depths averaged 0.34 cm (£0.28 cm; n=7) at stations SPI-21, SPI-
22, SPI1-29, SP1-30, and SPI-37. Outside of the log storage site, apparent RPD depths averaged
2.72 cm (£1.05 cm; n=69).

Apparent RPD contrast was also higher in areas within and around the Manke log storage site,
suggesting benthic habitat stress due to input of organic-rich material (likely wood debris) (see
Figure 3-10).



Figure 3-1. Shelton Harbor SPI/PV wood debris distribution.



SH-18-2 SPI1-07-1

Enrichment
of fine black
wood
particles

Enrichment
of fine black
wood
particles

Figure 3-2. SPI images from station SH-18 and SPI-07 showed very fine wood debris.

SPI images from stations SH-18 replicate 2 (SH-18-2) and SPI-07 replicate 1 (SPI-07-1) showed very fine, black particles in fine-grained surface
sediments. The black particles were presumed to be wood debris. Feeding voids were visible at depth at both stations (blue arrow), which were
created by head-down deposit feeders. Presence of feeding voids is an indicator of healthy and well established benthic habitat. SPI image width =

15cm.



SP1-23-2 (SPI) SP1-23-4 (PV)

Wiper bar
visible due to
low prism
penetration

Figure 3-3. SPI and PV images from station SPI1-23.

The SPI image from SPI1-23-2 showed silt covered wood pieces protruding from the sediment surface (blue arrows). The surface PV image showed
scattered wood pieces, branches, and bark on the sediment surface. A crab (likely Cancer gracilis) was present (white arrow). SPI image width = 15

cm. PV image area = 0.7 square meters.
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SPI1-37-1 (SPI) SP1-37-1 (PV)

Wiper bar
visible due to

low prism
penetration /

Figure 3-4. SPI and PV images from station SPI1-37.

The SPI image from SPI1-37-1 showed scattered pieces of wood debris on the sediment surface (blue arrows). Compact sands were present and SPI
camera prism penetration was low. The surface PV image showed scattered pieces of larger wood debris (blue arrows) and shells. SPI image width

=15 cm. PV image area = 0.7 square meters.
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SP1-22-2 (SPI) SP1-22-2 (PV)

Wiper bar
visible due to
low prism
penetration

/

Figure 3-5. SPI and PV images from station SPI1-22.

The SPI image from SPI-22-2 showed wood pieces and branches (blue arrows), overlying black anoxic sediments. The white coating present on the
wood debris was likely Beggiatoa bacteria. The surface PV image showed a dense mat of wood debris consisting of wood pieces, branches, and
bark. The white coating visible on some wood pieces was likely Beggiatoa bacteria (white arrows). SPI image width = 15 cm. PV image area = 0.7

square meters.
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SP1-29-1 (SPI) SP1-29-3 (PV)

Figure 3-6. SPI and PV images from station SP1-29.

The SPI image from SPI-29-1 also showed wood pieces (blue arrows), overlying black anoxic sediments. The white coating present on the wood
debris was likely Beggiatoa bacteria. The PV image showed a mat of wood debris consisting of wood pieces, branches, and bark. The white coating
visible on some wood pieces was likely Beggiatoa bacteria (white arrows). SPI image width = 15 cm. PV image area = 0.7 square meters.
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SP1-02-1 (SPI) SP1-02-1 (PV)

Figure 3-7. SPI and PV images from station SPI1-02.

The SPI image from SPI-02-1 showed fine grained sediments with no apparent evidence of wood debris. A large feeding void was visible at depth
(blue arrow). The surface PV image appeared to show a wooden board lying on the sediment surface (blue arrow). Large surface burrows were
visible (white arrows). The board was likely related to activities at the marina. SPI image width = 15 cm. PV image area = 0.7 square meters.

14



SH-14-2 SH-21-1

Apparent
RPD depth
(cm)

Figure 3-8. SPI images from station SH-14 and SPI-07 showing methane.

SPI images from stations SH-14-2 and SH-21-1 (SPI-07-1) showed fine grained silt/clay sediments with sedimentary methane bubbles at depth
(white arrows). In several cases the methane bubbles were present within active feeding voids. The apparent RPD depth was relatively well
developed in both images. SPI image width = 15 cm.
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Figure 3-9. Shelton Harbor SPI results for mean apparent RPD.
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Figure 3-10. SPI images from stations SPI-31 and SH-14.

The SPI image from station SPI1-31-1 showed high apparent RPD contrast (thin apparent RPD layer of light colored oxidized sediment contrasted
with the underlying black anoxic sediments). Sediment oxygen demand was high at this station. Wood debris was visible on the sediment surface
(white arrows). In comparison, the SPI image from station SH-14 showed a deeper apparent RPD with underlying sediments that were much lighter
in color (higher oxygen penetration and lower concentrations of sulfides). Feeding voids were visible at depth (blue arrows) indicating the presence
of head-down deposit feeders. SPI image width = 15 cm.
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4.0

Summary

Wood debris observed in SPI images in Shelton Harbor ranged from very fine wood
particles to large wood pieces and bark. The highest concentrations of wood debris (30 to
50 percent by area in the SP1 images) consisted of large wood pieces and bark, and were
observed in areas within the Manke log storage site.

Fine, black particles were observed in surface sediments throughout Shelton Harbor and
presumed to be wood debris. This type of wood debris was characterized as less than 1
percent by area in the SPI images and did not affect benthic habitat quality.

Sedimentary methane was observed in SPI images at 5 stations but did not appear to
affect benthic habitat quality. Apparent RPD depths were well developed and feeding
voids were visible, indicating the presence of head-down deposit feeding organisms.

Sulfate-reducing bacteria (likely Beggiatoa) were observed at 8 stations along the
southern shoreline of Shelton Harbor where wood debris was observed.

Mean apparent RPD depths were well developed throughout most of Shelton Harbor, and
ranged from 0.16 to 5.48 cm, with an average depth of 2.51 cm. The shallowest apparent
RPD depths (average of 0.34 cm) were measured in areas within the Manke log storage
site where the highest accumulation of wood debris was observed.
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Table A.1 - Sediment Profile Image Results Summary

NewrFields Sediment Profile Image Analysis

Project: Shelton Harbor Pixel Calib. Factor: 0.3619175
Analyst Station | Replicate | Date Time Apparent RPD Thickness (cm) Wood Debris Methane Bal\;;et!al Comments
(Initials) Area Min | Max | Mean | Present | Percent | Present | Countl Mean Depth | Diameter
JSN SH-01 1 7/11/17 14:56 49.26 2.48 4.37 3.41 FALSE Silty sands, feeding voids at depth
JSN SH-02 1 7/10/17 10:40 41.75 0.35 581 2.89 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column
JSN SH-02 2 2110117 10:42 3166 0.00 355 219 TRUE <1.00 TRUE 8 1042 0.32 Tﬂﬁ}:ﬁ\:e gas bubbles at depth, traces of very Tine organic black particles mixed In the sediment
JSN SH-03 1 7/11/17 8:17 223 0.67 2.19 1.54 TRUE <1.00 Low pen, surface tubes, feeding void at depth, scattered small black particles on surface
JSN SH-04 1 7/11/17 8:08 46.66 1.1 6.12 3.23 FALSE Unconsolidated fine grained sediments
JSN SH-05 1 7/11/17 8:42 indet FALSE Low pen, gravel bottom coated with organics/fines
Low pen, compact sand bottom with organic filamentous mat coating, apparent methane gas
JSN SH-07 1 7/11/17 9:11 20.34 0.38 2.33 1.41 FALSE TRUE 26 1.56 0.19 bubbles at depth
JSN SH-09 1 711017 1122 44.82 1.82 462 310 TRUE <1.00 :Lnrihsands ana siits, possible scattered smail Wood partcies on surfaces Large reeding vold at
JSN SH-10 1 7/11/17 14:40 51.36 1.29 6.59 3.55 TRUE <1.00 Traces of small organic black particles mixed in the surface (possible wood origins?)
JSN SH-10 2 7/11/17 14:41 36.54 0.85 453 253 TRUE <1.00 Scattered wood particles on surface (brown and black), feeding voids at depth
JSN SH-11 4 211117 14:00 47.83 207 630 331 TRUE <1.00 S:ri?::f"gz[fi:ne grained sediments, traces of fine black particles mixed In the surface
Fine grained sediments, reduced at depth (higher RPD contrast), traces of fine black particles
JSN SH-12 1 7/11/17 10:54 34.27 1.43 5.04 2.37 TRUE <1.00 mixed in the surface
JSN SH-13 1 7/11/17 11:07 indet FALSE Gravel bottom - intertidal area
JSN SH-13A 3 7/11/17 11:32 49.02 1.55 6.86 3.39 FALSE Unconsolidated fine grained sediments, numerous feeding voids at depth
JSN SH-14 1 7/10/17 15:35 48.61 1.19 6.66 3.36 TRUE <1.00 Unconsolidated fine grained sediments, feeding voids at depth
Unconsolidated fine graine sediments, methane bubbles at depth in feeding voids, traces of
JSN SH-14 2 7/10/17 15:36 59.14 1.10 7.80 4.09 TRUE <1.00 TRUE 5 12.57 0.56 small organic black particles mixed into sediment column
JSN SH-18 2 7/11/17 10:38 74.8 3.72 6.24 5.17 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column
JSN SH-19 2 7/11/17 13:48 48.45 1.33 7.53 3.35 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column
JSN SH-20 1 7/11/17 13:16 28.11 0.38 524 194 FALSE Fine grained sediments, small feeding void at depth center
JSN SH-21 1 7/10/17 18:37 35.79 1.61 3.17 2.47 FALSE TRUE 1 10.63 1.00 Fine grained sediments, feeding voids at depth, methane gas bubble in void
JSN SH-22 2 7/10/17 17:39 28.44 0.56 3.2 1.97 TRUE 200 Consolidated bottom, scattered black wood particles on surface, polychaete visible at depth
Fine grained sediments, traces of very fine organic black particles mixed in the sediment
JSN SH-23 4 7/10/17 13:31 30.92 1.19 4.3 2.14 TRUE <1.00 column
JSN SH-24 1 7/10/17 18:17 35.48 1.10 4.05 245 FALSE Low pen, compact sediments, high RPD contrast, organic coating (algae?) on surface
Fine grained sediments, methane bubbles, traces of very fine organic black particles mixed in
JSN SH-25 1 7/11/17 9:54 46.46 2.04 7.02 3.21 TRUE <1.00 TRUE 6 10.47 0.26 the sediment column
JSN SH-26 1 7/11/17 8:48 indet FALSE Compact silt/sand bottom, numerous surface tubes, twigs, crab far field
JSN SH-27 1 7/10/17 11:03 28.07 0.72 2.61 1.94 FALSE Compact sand bottom
JSN SH-28 1 7110/17 16:32 62.42 1.23 1012 432 TRUE <1.00 Scattered fine organic black particles mixed in the sediment column, feeding voids at depth
Scattered fine organic black particles mixed in the sediment column, numerous feeding voids at
JSN SH-28 2 7/10/17 16:33 47.78 1.23 5.20 3.30 TRUE <1.00 depth
JSN SH-30 1 7/11/17 15:04 44.32 2.07 4.2 3.06 TRUE <1.00 silty fine sands, traces of fine organic black particles near surface, feeding void
silty fine sands, numerous feeding voids, scattered shell particles, traces of fine organic black
JSN SPI-01 1 7/11/17 15:11 56.59 1.61 7.49 3.91 TRUE <1.00 particles
silty fine sands, numerous feeding voids, scattered shell particles, traces of fine organic black
JSN SPI-01 2 7/11/17 15:13 44.27 1.27 6.14 3.06 TRUE <1.00 particles
JSN SPI-02 1 7/11/17 15:21 52.67 2.45 4.50 3.64 FALSE Fine grained sediments, void at depth
JSN SPI-03 1 7/11/17 14:49 43.29 1.23 6.85 2.99 FALSE Fine grained sediments, voids at depth, burrow right surface
JSN SPI-04 1 7/11/17 9:28 27 0.91 2.98 1.87 FALSE Fine sands, lower pen, surface tubes
JSN SPI-05 1 7/11/17 9:21 25.58 0.58 3.74 1.77 FALSE Fine sands, lower pen
JSN SPI-05 2 7/11/17 9:22 20.9 0.61 1.95 1.45 FALSE Fine sands, lower pen
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Table A.1 - Sediment Profile Image Results Summary

NewrFields Sediment Profile Image Analysis
Project: Shelton Harbor Pixel Calib. Factor: 0.3619175

JSN SPI-07 1 7/10/17 11:30 42.17 0.88 3.63 292 TRUE < 1.00 silty fine sands, scattered black particles on surface (possible woody debris)

JSN SPI-08 5 7/11/17 13:52 42.72 2.14 430 295 FALSE Unconslidated fine grained sediments

JSN SPI-09 2 7/10/17 18:47 33.17 1.13 4.04 229 FALSE Fine grained sediments, higher RPD contrast

JSN SPI-11 1 7/10/17 19:09 29.82 1.38 2.69 2.06 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column

JSN SPI-12 3 7/10/17 18:00 36.53 1.71 291 2.53 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column

JSN SPI-14 1 7/10/17 16:23 79.28 3.50 11.36 5.48 TRUE < 1.00 Scattered fine organic black particles, scattered fine shell particles

JSN SPI-15 4 7/11/17 13:10 39.88 1.65 424 276 FALSE Unconsolidated fine grained sediments

JSN SPI-16 2 7/10/17 18:27 14.98 0.23 394 1.04 TRUE <1.00 consolidated fine sands with shell particles, scattered organic black particles on surface

JSN SPI-18 1 7111/17 11:00 74.15 2.85 7.35 5.13 FALSE Unconsolidated fine grained sediments, feeding voids at depth, burrow left surface

JSN SPI-20 1 7/11/17 13:20 51.38 2.07 8.09 355 FALSE Fine grained sediments, voids at depth

JSN SPI-21 2 7/10/17 13:05 6.65 0.00 1.66 0.46 TRUE 40.00 Larger wood pieces

JSN SPI-22 2 7/10/17 16:58 indet TRUE 40.00 TRUE Bacterial mat coating on wood (white) likely beggiatoa. Some "fresher" wood exposed

JSN SPI-23 4 7/10/17 13:14 10.28 0.00 268 071 TRUE 3.00 Small scattered black wood particles

JSN SPI-24 4 7/10/17 13:23 33.3 1.29 320 230 TRUE <1.00 Trace fine small woody particles near surface

JSN SPI-25 2 7/10/17 15:27 31.52 0.42 3 2.18 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column

Traces of very fine organic black particles mixed in the sediment column, reddish-brown
JSN SPI-27 1 7110/17 15:10 48.18 1.62 492  3.33 TRUE <1.00 particles at depth possible wood debris

JSN SPI-28 3 7110/17 14:49 8.14 0.00 1.72 056 FALSE Low penetration, compact sand bottom with shell debris

JSN SPI-29 2 7/10/17 17:18 2.85 0.00 0.25 0.20 TRUE 30.00 TRUE  White coated wood particle likely beggiatoa bacteria

JSN SPI-30 2 7/10/17 17:31 3.73 0.00 051 0.26 FALSE Thin RPD, high contrast, possible burrow center?
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Table A.1 - Sediment Profile Image Results Summary

NewrFields Sediment Profile Image Analysis
Project: Shelton Harbor Pixel Calib. Factor: 0.3619175

JSN SPI-31 2 7/11/17 10:05 28.39 0.00 350 1.96 TRUE 5.00 Deeper RPD, but strong contrast, scattered wood particles

JSN SPI-33 2 7111/17 8:02 indet  FALSE Gravels on bottom, no penetration

JSN SPI-35 1 7/10/17 10:56 indet FALSE Low penetration, clams and/or shells on surface, consolidated bottom

JSN SPI-36 2 7/11/17 8:31 36.51 1.27 4.37 2.52 TRUE <1.00 Traces of very fine organic black particles mixed in the sediment column
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Table A.2 - Plan View Image Summary

NewrFields Sediment Profile Image Analysis
Project: Shelton Harbor

132 SHO1A ARW SHO1 1/1/00 0:00 42928 7.80 - high suspended organics masking bottom

61 SHO3A.ARW SHO3 1 7/11/2017 8:17

~
[ee]

sands, rocks moderate suspended organics, a few large rocks are visible on the sand

59 SHO4A.ARW SHO4 1 7/11/2017 8:07

~
[ee]
'

high sediment plume masking the bottom, air bubble trapped on camera face

67 SHO5A.ARW SHO5 1 7/11/2017 8:41 hard bottom moderate  suspended organics, cobble covering the bottom

~
[ee]

77 SHO7TA.ARW SHO7 1 7/11/2017 9:11

~
[ee]

sands, silt ghost shrimp hole

129 SH10A.ARW SH10 1/1/00 0:00 42928 7.80 soft mud, silt ghost shrimp holes

106 SH11A.ARW SH11 1 7/11/2017 11:47 7.8 - high high turbidity masking bottom

125 SH11C.ARW SH11 3 7/11/2017 13159 7.8 - high suspended organics masking the bottom, air bubble trapped in camera face

126

10:53 some organic leafy material and green algae, sediment transition from dark
94 SH12A.ARW SH12 1 7/11/2017 ) 7.8 soft mud, silt grey to light reddish

98 SH13A.ARW SH13 1 7/11/2017 11:.07 7.8 rocks

100 SH13A-A.ARW  SH13A 1 7/11/2017 11:10 7.8 soft mud, silt ghost shrimp holes

102 SH13A-D.ARW  SH13A 4  7/11/2017 11:32 7.8 - high sediment plume masking bottom

121 SH19A.ARW SH19 1 7/11/2017 13:46 7.8 - high suspended organics masking the bottom

1314 high suspended organics in water column, ghost shrimp holes so likely very
112 SH20A.ARW SH20 1 7/11/2017 : 7.8 soft mud, silt high soft

1315 high suspended organics in water column, ghost shrimp holes so likely very
114 SH20C.ARW SH20 3 7/11/2017 : 7.8 soft mud, Silt high soft

47 SH21A.ARW SH21 1 7/10/2017 18:36 7.8 sands, silt moderate  suspended organics, ghost shrimp holes

37 SH22A.ARW SH22 1 7/10/2017 17:37 7.8 sands? high high in suspended organics

39 SH22C.ARW SH22 3 7/10/2017 17:42 7.8 sands high high in suspended organics

1217 high in suspended organics, ghost shrimp holes visible so likely very soft
8 SH23B.ARW SH23 2 7/10/2017 ' 13.8 soft mud, silt high bottom

lof4



Table A.2 - Plan View Image Summary

| OID | image file | Station | Rep | Date | time | Image Area (sqft) | Class Wood Waste Present Wood Waste Type Turbidity Notes
43 SH24B.ARW SH24 2 7/10/2017 18:18 7.8 - high sediment plume masking the bottom
83 SH25A.ARW SH25 1 7/11/2017 9:53 7.8 soft mud, silt ghost shrimp holes, crab (Cancer gracilis)
84 SH25B.ARW SH25 2 7/11/2017 9:54 7.8 - sediment plume masking bottom
69 SH26A.ARW SH26 1 7/11/2017 S 7.8 sands, hard bottom moderate  few broken shells, crab (Cancer gracilis), air bubble trapped on camera face
70 SH26B.ARW SH26 2 7/11/2017 8:48 7.8 sands hard bottom moderate  few broken shells, air bubble trapped on camera face
11:02 . . high in suspended organics, ghost shrimp holes visible so likely very soft
1 SH27A.ARW SH27 1 7/10/2017 13.8 soft mud, silt high bottom
2 SH27B.ARW SH27 2 7/10/2017 11:03 13.8 - high high in suspended organics masking bottom
27 SH28A.ARW SH28 1 7/10/2017 16:31 7.8 soft mud, Silt high high in suspended organics
28 SH28B.ARW SH28 2 7/10/2017 16:33 7.8 soft mud, Silt high high in suspended organics
15:04 . . suspended organics, can make out ghost shrimp holes so likely very soft
134 SH30A.ARW SH30 1 7/11/2017 7.8 soft mud, silt high bottom
15:05 . . suspended organics, can make out ghost shrimp holes so likely very soft
135 SH30B.ARW SH30 2 7/11/2017 7.8 soft mud, silt high bottom
136 SPI0O1A.ARW SPI01 1 7/11/2017 15:11 7.8 soft mud, silt ghost shrimp holes, air bubble trapped on camera face
137 SPIO1B.ARW SPI01 2 7/11/2017 15:12 7.8 soft mud, silt high ghost shrimp holes
138 SPI02A.ARW SPI02 1 7/11/2017 15:21 7.8 soft mud, wood waste yes board ghost shrimp holes
139 SPI02B.ARW SPI102 2 7/11/2017 15:22 7.8 - image too dark
131 SPIO3A.ARW SPI03 1 7/11/2017 14:48 7.8 soft mud, silt moderate  suspended organics, ghost shrimp holes
81 SPIO4A.ARW SPI104 1 7/11/2017 9:27 7.8 sands, silt
82 SPI04B.ARW SPI04 2 7/11/2017 9:28 7.8 - sediment plume masking bottom
79 SPIO5A.ARW SPI05 1 7/11/2017 9:21 7.8 sands, silt few suspended organics, ghost shrimp holes
80 SPIO5B.ARW SPI05 2 7/11/2017 9:22 7.8 - sediment plume masking bottom
71 SPIO6A.ARW SPI06 1 7/11/2017 8:53 7.8 sands, hard bottom few suspended organics, air bubble trapped on camera face
72 SPI06B.ARW SPI06 2 7/11/2017 854 7.8 sands, hard bottom moderate  suspended organics
74 SPI06C.ARW SPI06 3 7/11/2017 9:06 7.8 sands, hard bottom moderate  few suspended organics
75 SPI06D.ARW SPI06 4 7/11/2017 9:06 7.8 - high sediment plume masking bottom
76 SPIOGE.ARW SPI06 5 7/11/2017 9:06 7.8 sands hard bottom white object likely a bone of some type
3 SPIO7A.ARW SPI07 1 7/10/2017 11:30 13.8 Sands high high in suspended organics
4 SPI07B.ARW SPI07 2 7/10/2017 11:31 13.8 Sands high high in suspended organics
91 SPIOBA.ARW SPI08 1 7/11/2017 10:29 7.8 - high sediment plume masking bottom
92 SPIO8B.ARW SPI08 2 7/11/2017 10:36 7.8 - high sediment plume masking bottom
103 SPIOSC.ARW SPI08 3 7/11/2017 11:39 7.8 - high sediment plume masking bottom
1140 . . sed?ment plume masking bottom, likely very soft bottom given organics in
104 SPIO8D.ARW SPIO8 4 7/11/2017 7.8 soft mud, silt high sediment plume
105 SPIOSE.ARW SPI08 5 7/11/2017 11:43 7.8 - high suspended organics masking the bottom
123 SPIO8F.ARW SPI08 6 7/11/2017 13:51 7.8 - high suspended organics masking the bottom
124 SPI08G.ARW SPI08 7  7/11/2017 13:53 7.8 - high suspended organics masking the bottom
49 SPIO9A.ARW SPI09 1 7/10/2017 18:45 7.8 silts, soft sed high suspended organics, ghost shrimp holes
50 SPIO9B.ARW SPI09 2 7/10/2017 18:46 7.8 - high sediment plume masking the bottom
51 SPI10A.ARW SPI10 1 7/10/2017 18:56 7.8 silts, soft sed high suspended organics, ghost shrimp holes
52 SPI10B.ARW SPI10 2 7/10/2017 18:58 7.8 - image too dark
53 SPI11A.ARW SPI11 1 7/10/2017 19:08 7.8 silts, soft sed moderate  suspended organics, ghost shrimp holes
54 SPI11B.ARW SPI11 2  7/10/2017 19:11 7.8 silts, soft sed moderate  suspended organics, ghost shrimp holes, mud clast
5 SPI12A.ARW SPI12 1 7/10/2017 12:00 13.8 soft mud, silt high high in suspended organics, ghost shrimp holes
6 SPI12B.ARW SPI12 2 7/10/2017 12:02 13.8 - high high in suspended organics, air bubble trapped in camera face

20of4



Table A.2 - Plan View Image Summary

| OID | image file | Station | Rep | Date | time | Image Area (sqft) | Class Wood Waste Present Wood Waste Type Turbidity Notes
40 SPI12C.ARW SPI12 3 7/10/2017 18:00 7.8 sands, silt moderate  suspended organics, ghost shrimp holes
41 SPI12D.ARW SPI12 4 7/10/2017 18:01 7.8 sands, silt moderate  suspended organics, ghost shrimp holes
25 SPI14A.ARW SPI14 1 7/10/2017 16:23 7.8 - high sediment plume masking the bottom
26 SPI14B.ARW SPI14 2 7/10/2017 16:24 7.8 - high sediment plume masking the bottom
1155 . . high turbidity, can just make out the bottom, ghost shrimp holes so likely very
108 SPI15A.ARW SPI15 1 7/11/2017 7.8 soft mud, silt high soft
1156 . . sed?ment plume masking bottom, likely very soft bottom given organics in
109 SPI15B.ARW SPI15 2 7/11/2017 7.8 soft mud, silt high sediment plume
110 SPI15C.ARW SPI15 3 7/11/2017 13:08 7.8 soft mud, silt high suspended organics, ghost shrimp holes so likely very soft
111 SPI15D.ARW SPI15 4  7/11/2017 13:09 7.8 soft mud, silt high sediment plume, ghost shrimp holes so likely very soft
44 SPI16A.ARW SPI16 1 7/10/2017 18:25 7.8 sands, shell debris moderate
45 SPI16B.ARW SPI16 2 7/10/2017 18:27 7.8 sands, shell debris high sediment plume masking portion of the bottom
46 SPI16C.ARW SPI16 3 7/10/2017 18:29 7.8 sands, shell debris
19 SPI17A.ARW SPI17 1  7/10/2017 13:37 7.8 - high high in suspended organics masking bottom
13:39 . image ig out of focus, likely camera triggered late due to weight sinking in very
20 SPI17B.ARW SPI17 2 7/10/2017 7.8 soft mud, Silt soft sediment
96 SPI18A.ARW SPI18 1 7/11/2017 10:59 7.8 soft mud, silt moderate  some suspended organics, ghost shrimp holes
97 SPI18B.ARW SPI118 2 7/11/2017 11:00 7.8 - high sediment plume masking bottom
13:39 . . high suspended organics in water column, ghost shrimp holes so likely very
118 SPI19A.ARW SPI19 1 7/11/2017 7.8 soft mud, silt high soft
119 SPI19B.ARW SPI19 2 7/11/2017 13:40 7.8 - high sediment plume masking the bottom
120 SPI19C.ARW SPI19 3 7/11/2017 13:44 7.8 - high sediment plume masking the bottom, image out of focus
116 SPI20A.ARW SPI20 1 7/11/2017 13:20 7.8 soft mud, silt high suspended organics
117 SPI20B.ARW SPI20 2 7/11/2017 13:21 7.8 - image too dark
13 SPI2IAARW  SPI21 1 77102017 1304 7.8 softmud, wood waste  possible sticks high high in suspended organics, can just make out possible wood waste debris
14 SPI21B.ARW SPI21 2 7/10/2017 13:05 7.8 - high high in suspended organics
29 SPI22A.ARW SPI22 1 7/10/2017 16:57 7.8 wood waste yes wood chunks, bark, sticks Beggiatoa present on wood waste
30 SPI22B.ARW SPI22 2  7/10/2017 16:58 7.8 wood waste yes wood chunks, bark, sticks Beggiatoa present on wood waste
9 SPI23C.ARW SPI23 3 7/10/2017 12:18 13.8 - high image too dark, unable to resolve the bottom
12 SPI23A.ARW SPI23 1 7/10/2017 12:28 13.8 wood waste yes sticks, bark high high in suspended organics
15 SPI23D.ARW SPI23 4 7/10/2017 13:13 7.8 wood waste yes sticks, bark moderate  crab (Cancer gracilis)
16 SPI23E.ARW SPI23 5  7/10/2017 13:14 7.8 - high sediment plume of turbidity masking the bottom
17 SPI23F.ARW SPI23 6  7/10/2017 13:14 7.8 wood waste yes wood chunks, bark moderate  crab (Cancer gracilis) , turbidity plum masking portion of the image
12:92 . . high in suspended organics, ghost shrimp holes visible so likely very soft
10 SPI24A.ARW SPI24 1 7/10/2017 13.8 soft mud, silt high bottom
11 SPI24B.ARW SPI24 2 7/10/2017 12:23 13.8 - high high in suspended organics masking bottom
18 SPI24C.ARW SPI24 3  7/10/2017 13:22 7.8 - high high in suspended organics masking bottom
24 SPI25A.ARW SPI125 1 7/10/2017 15:25 7.8 - high sediment plume masking the bottom
21 SPI28A.ARW SPI28 1 7/10/2017 14:32 7.8 hard Sands, shell debris moderate  broken shells litter the bottom
22 SPI28B.ARW SPI28 2 7/10/2017 14:34 7.8 hard Sands, shell debris moderate  broken shells litter the bottom
23 SPI28C.ARW SPI28 3 7/10/2017 14:52 7.8 hard Sands, shell debris moderate  broken shells litter the bottom
31 SPI29A.ARW SPI29 1 7/10/2017 17:15 7.8 wood waste yes wood chunks, bark Beggiatoa present on wood waste
32 SPI29A1.ARW SPI129 2 7/10/2017 17:15 7.8 wood waste yes wood chunks, bark
33 SPI29A2.ARW SPI29 3 7/10/2017 17:15 7.8 wood waste yes wood chunks, bark
34 SPI29E.ARW SPI29 5  7/10/2017 17:17 7.8 wood waste yes wood chunks high high in suspended organics
35 SPI30A.ARW SPI30 1 7/10/2017 17:30 7.8 wood waste possible wood chunks high high in suspended organics
36 SPI30B.ARW SPI30 2  7/10/2017 17:31 7.8 wood waste possible wood chunks high high in suspended organics
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Table A.2 - Plan View Image Summary

87 SPI31A.ARW SPI31 1 7/11/2017 10:04 7.8 soft mud, wood waste yes fibrous, wood chunks moderate  high concentration of organics on bottom, few chunks of wood

89 SPI31C.ARW SPI31 3 7/11/2017 10:05 7.8 - high sediment plume masking bottom, extra image

85 SPI32A.ARW SPI32 1 712017 990 7.8 soft mud, wood waste yes fibrous moderate  high concentration of organics on bottom, Beggiatoa present on wood waste

57 SPI33A.ARW SPI33 1 7/11/2017 8:00 7.8 rocky large cobles and rocks

55 SPI34A.ARW SPI34 1 7/11/2017 7:46 7.8 silts, soft sed moderate  suspended organics, ghost shrimp holes

8:23 suspended organics and sediment plume, image out of focus, camera may
63 SPI34C.ARW SPI134 3  7/11/2017 7.8 soft mud, Silt high have sunk in soft sediment

8:30 suspended organics and sediment plume, possible rocks in image, likely hard
65 SPI36A.ARW SPI36 1 77112007 7.8 hard bottom high bottom

127 SPI37A.ARW SPI37 1 7/11/2017 14:24 7.8 sand, wood waste yes wood chunks, bark wood debris and other organics cover bottom, some broken shells

4 0f4



Attachment 5
Bioassay Report




TOXICOLOGY TESTING RESULTS

SHELTON HARBOR SEDIMENT CLEANUP SITE
SHELTON, WASHINGTON

Prepared for

Anchor QEA LLC

720 Olive Way, Suite 1900
Seattle, WA 98101

On behalf of:

Simpson Timber Company
1305 5™ Ave, Suite 2700
Seattle, WA 98101

Prepared by

EcoAnalysts, Inc.

4770 NE View Drive

PO Box 216

Port Gamble, Washington 98364

EcoAnalysts Report ID:
081417.01

Submittal Date
September 18, 2017



DRAFT Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

All testing reported herein was performed consistent with our laboratory’s quality assurance program.
All results are intended to be considered in their entirety, and EcoAnalysts is not responsible for use of
less than the complete report. The test results summarized in this report apply only to the sample(s)
evaluated.

APPROVED BY:

Brian Hester

Laboratory Director

Authors:
Hillary Eichler
Julia Baum

Bridget Gregg

Environmental Professional Statement EcoAnalysts, Inc.



DRAFT

CONTENTS

1. INTRODUCTION

2. METHODS

2.1 Sample Collection and Organism Receipt

2.2 Sample Testing Plan

2.3 Sample Grain Size and Reference Comparison
2.4 10-day Amphipod Bioassay

2.5 20-day Juvenile Polychaete Bioassay

2.6 Larval Developmental Bioassay

2.7 Data Analysis and QA/QC

3. RESULTS

3.1 10-day Amphipod Bioassay

3.2 20-day Juvenile Polychaete Bioassay

33 Larval Development Bioassay

4, DISCUSSION

4.1 Amphipod Test Suitability Determination

4.2 Juvenile Polychaete Test Suitability Determination
4.3 Larval Test Suitability Determination

5. SUMMARY

6. REFERENCES

Contents i

Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

0 00 ~NU ANANNRRR R

B
o N

N NDNN
(o) TN SN AN

N N
00 N

EcoAnalysts, Inc.



DRAFT Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

TABLES

Table 2-2. Sample and Reference Grain Size Comparison. 3
Table 3-1. Test Results for Eohaustorius estuarius. 9
Table 3-2. Water Quality Summary for Eohaustorius estuarius. 10
Table 3-3. Ammonia and Sulfide Summary for Eohaustorius estuarius. 10
Table 3-4.Test Condition Summary for Eohaustorius estuarius. 11
Table 3-5. Test Results for Neanthes arenaceodentata. 13
Table 3-6. Water Quality Summary for Neanthes arenaceodentata. 15
Table 3-7. Ammonia Summary for Neanthes arenaceodentata. 15
Table 3-8. Sulfide Summary for Neanthes arenaceodentata. 16
Table 3-9. Test Condition Summary for Neanthes arenaceodentata. 17
Table 3-10. Test Results for Mytilus galloprovincialis. 19
Table 3-11. Water Quality Summary for Mytilus galloprovincialis. 21
Table 3-12. Ammonia and Sulfide Summary for Mytilus galloprovincialis. 22
Table 3-13. Test Condition Summary for Mytilus galloprovincialis. 23
Table 4-1. SMS Comparison for Eohaustorius estuarius. 24
Table 4-2. SMS Comparison for Neanthes arenaceodentata. 25
Table 5-1. Summary of SMS Evaluation. 27
APPENDICES

Appendix A: Test and Reference Toxicant Test Results
Appendix B: Statistical Comparisons

Appendix C: Supporting Documents

Contents i EcoAnalysts, Inc.



DRAFT Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

ACRONYMS AND ABBREVIATIONS

AFDW: Ash-free dry weight

ARI: Analytical Resources, Inc., Tukwila, WA

cm: Centimeter

CSL: Cleanup Screening Level

°C: Degrees Celsius

ECso: Effective Concentration that results in a 50% reduction in a sub-lethal endpoint
g: Grams

LCso: Lethal Concentration that results in a 50% reduction in survival
L: Liter

um: Micrometer

mg: Milligram

mg/L: Milligrams per liter

mL: Milliliter

mm: Millimeter

NELAP: National Environmental Laboratory Accreditation Program
NOEC: No Observed Effect Concentration

OR: Oregon

ppt: parts per thousand

PSEP: Puget Sound Estuary Protocols (PSEP 1995)

SCO: Sediment Cleanup Objective

SMS: Sediment Management Standards

SOP: Standard operation procedure

SSAPA: Sediment Sampling and Analysis Plan Appendix (SSAPA; WDOE 2008)
SMARM: Sediment Management Annual Review Meeting

UIA: Un-ionized ammonia

USACE: United States Army Corps of Engineers

USEPA: United States Environmental Protection Agency

WA: Washington State

WAC: Washington Administrative Code

WDOE: Washington (State) Department of Ecology

Acronyms and Abbreviations iii EcoAnalysts, Inc.



DRAFT Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

1. INTRODUCTION

EcoAnalysts conducted biological toxicity testing with sediment samples collected by Anchor QEA, LLC.
as part of a Remedial Investigation/Feasibility Study (RI/FS) being performed at the Shelton Harbor
Cleanup Site in Shelton, Washington. Sediments were evaluated for biological effects following guidance
provided by the Washington State Department of Ecology (WDOE) Sediment Management Standards
(SMS) under the Washington Administrative Code (WAC) 173-204-315. This report presents the results
of the toxicity testing portion of the Shelton Harbor sediment investigation.

2. METHODS

This section summarizes the test methods followed for this biological characterization. Test methods
followed guidance provided by the Puget Sound Estuary Program (PSEP 1995), the Sediment Cleanup
User’s Manual Il (SCUM Il; WDOE 2015), and the various updates presented during the Sediment
Management Annual Review Meeting (SMARM). Sediment toxicity was evaluated using three standard
PSEP bioassays; the 10-day amphipod test, the 20-day juvenile polychaete survival and growth test, and
the 48-hour benthic larval development test.

2.1 Sample Collection and Organism Receipt

Eleven test sediments were collected on July 12 — 13, 2017 and were received at EcoAnalysts on July 15,
2017. Reference sediments from Carr Inlet, WA were collected by EcoAnalysts on July 22, 2017 and
received on the same day. Sediment samples were stored in a walk-in cold room at 4 + 2°C in the dark.
The test sediment was not sieved prior to testing. All tests were conducted within the eight-week
holding time.

Amphipods (Eohaustorius estuarius) were supplied by Northwestern Aquatic Sciences in Newport,
Oregon. Animals were held in native sediment at 15°C prior to test initiation. Juvenile polychaete worms
(Neanthes arenaceodentata) were obtained from Aquatic Toxicology Support in Bremerton,
Washington. Juvenile polychaetes were held in seawater at 20°C (Neanthes were cultured in water-only
and were not held in sediment prior to testing). Mytilus galloprovincialis (mussel) broodstock were
provided by Taylor Shellfish in Shelton, WA. Broodstock were held in unfiltered seawater at 14 — 16°C
prior to spawning.

Native Eohaustorius sediment from Yaquina Bay, Oregon was also provided by Northwest Aquatic
Sciences for use as control sediment treatments for the amphipod and juvenile polychaete tests.

2.2 Sample Testing Plan

Based on historical data of the Shelton Harbor Cleanup Unit, Ecology approved a modified testing
approach. Larval and polychaete bioassays were conducted at sample locations where historical SMS
exceedances had occurred. Areas with higher wood debris content than historical sampling locations
received full suite bioassay testing (larval, polychaete, and amphipod). Sample locations and their
corresponding bioassays are outlined in Table 2-1.
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Table 2-1. Bioassay Sample Assignments

STl Development Test |survival and Growh Test| ATPHIPod Survival Test

SH-04 X

SH-13A X

SH-14 X

SH-19 X X

SH-21 X

SH-22 X X

SH-24 X

SH-28 X

SPI-22 X X X
SPI-30 X X X
SPI-31 X X X

X = Indicates test to be conducted with associated samples

2.3 Sample Grain Size and Reference Comparison

Sediment grain size is one of the characteristics used in selecting the appropriate reference sediment(s)
to compare the chemical and biological responses of project sediments. The percent fines value is
defined as the amount of sediment that passes through a 62.5-um sieve, expressed as a percentage of
the total sample analyzed. This is also the sum of the silt and clay fraction of sediment. Wet-sieve grain
size results for the reference sample was conducted in the field (at the time of collection) and after
receipt at the EcoAnalysts laboratory. The percent-fines determination of the project sediments are
summarized in Table 2-2.
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Table 2-2. Sample and Reference Grain Size Comparison.

Treatment Percent Fines! Treatment Compared To:
SH-Ref-1 (Reference) 10%
CARR/SH-Ref-1 (Reference) 28%
CARR (Reference) 52%
CR-022 (Reference) 72%
SH-04 48% CARR
SH-13A 46% CARR
SH-14 32% CARR/SH-Ref-1
SH-19 48% CARR
SH-21 62% CARR or CR-022
SH-22 36% CARR/SH-Ref-1
SH-24 38% CARR/SH-Ref-1
SH-28 28% CARR/SH-Ref-1
SPI-22 10% SH-Ref-1
SPI-30 34% CARR/SH-Ref-1
SPI-31 56% CARR

! Wet sieve results
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24 10-day Amphipod Bioassay

The 10-day acute toxicity test with E. estuarius was initiated on July 28, 2017. To prepare the test
exposures, approximately 175 mL of sediment was placed in clean, acid and solvent-rinsed 1-L glass jars,
which were then filled with 775 mL of 0.45-um filtered seawater at 28 ppt. The control and reference
sediment were tested concurrently with the test treatment. Five replicates were used to evaluate
sediment toxicity while the remaining two replicates were designated as sacrificial surrogate chambers.
One surrogate chamber was sacrificed at test initiation to measure porewater and overlying ammonia
and sulfides. The remaining surrogate chamber was used for measuring daily water quality throughout
the test, as well as porewater and overlying ammonia and sulfides at test termination. Total ammonia as
nitrogen was monitored using an Orion meter fitted with an ammonia ion-specific probe. Total sulfides
as S were monitored using a HACH DR/2800 Spectrophotometer.

Test chambers were placed in randomly assigned positions in a 15°C water bath and allowed to
equilibrate overnight. Trickle-flow aeration was provided to prevent dissolved oxygen concentrations
from dropping below acceptable levels.

Immediately prior to test initiation, water quality parameters were measured in the surrogate chamber
for each treatment. Dissolved oxygen (DO), temperature, pH, and salinity were then monitored in the
surrogate chambers daily until test termination. Target test parameters were:

Dissolved Oxygen: >5.1 mg/L
Temperature: 15+ 1°C

Salinity: 28 £ 1 ppt
pH: 7 - 9 units

The tests were initiated by randomly allocating 20 E. estuarius into each test chamber, ensuring that
each of the amphipods successfully buried into the sediment. Amphipods that did not bury within
approximately one hour were replaced with healthy amphipods. The 10-day amphipod bioassay was
conducted as a static test with no feeding during the exposure period. At test termination, sediment
from each test chamber was sieved through a 0.5-mm screen and all recovered amphipods transferred
into a Petri dish. The number of surviving and dead amphipods was then determined under a dissecting
microscope.

To evaluate the relative sensitivity of the organisms, reference toxicity tests were performed using
standard reference toxicants (Lee 1980). A water-only, 4-day reference-toxicant test was conducted
concurrently with the sediment tests using ammonium chloride. The ammonium chloride reference-
toxicant test was used to ensure animals used in the test were healthy and of similar sensitivity to prior
tests. This test also provided information on the sensitivity to any ammonia concentrations that might
be present in the sediments.

2.5 20-day Juvenile Polychaete Bioassay

The 20-day chronic toxicity test with N. arenaceodentata was initiated on July 28, 2017. Test exposures
were prepared with approximately 175 mL of sediment placed in clean, acid and solvent-rinsed 1-L glass
jars, which were then filled with 775 mL of 0.45-um filtered seawater at 28 ppt. The control and
reference sediment were tested concurrently with the test treatment. Five replicates were used to
evaluate sediment toxicity while the remaining two replicates were designated as sacrificial surrogate
chambers. One surrogate chamber was sacrificed at test initiation to measure overlying and interstitial
ammonia and sulfides. The remaining surrogate chamber was used for measuring daily water quality
throughout the test, as well as overlying and interstitial ammonia and sulfides at test termination. Total
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ammonia as nitrogen was monitored using an Orion meter fitted with an ammonia ion-specific probe.
Total sulfides as S> were monitored using a HACH DR/2800 Spectrophotometer.

Test chambers were placed in randomly assigned positions in a water bath at 20°C and allowed to
equilibrate overnight. Trickle-flow aeration was provided to prevent dissolved oxygen concentrations
from dropping below acceptable levels.

Immediately prior to test initiation, water quality parameters were measured. Dissolved oxygen,
temperature, pH, and salinity were then monitored in the surrogates daily until test termination. Target
test parameters were:

Dissolved Oxygen: >4.6 mg/L
Temperature: 20+ 1°C

Salinity: 28 £ 2 ppt
pH: 7 - 9 units

The juvenile polychaete test was initiated by randomly allocating five N. arenaceodentata into each test
chamber, and observing whether each of the worms successfully buried into the sediment. Worms that
did not bury within approximately one hour were replaced with healthy worms. The 20-day test was
conducted as a static-renewal test, with exchanges of 300 mL of water occurring every third day.

N. arenaceodentata were fed every other day with 40 mg of TetraMarin® (approximately 8 mg dry
weight per worm).

At test termination, sediment from each test chamber was sieved through a 0.5-mm screen and all
recovered worms transferred into a Petri dish. The number of surviving and dead worms was
determined. All surviving worms were then transferred to pre-weighed, aluminum foil weigh-boats, and
dried in a drying oven at 60°C for approximately 24 hours. Each weigh-boat was removed, cooled in a
desiccator, and then weighed on a microbalance to 0.01 mg. Each of the weigh boats was then heated to
550°C for 2 hours to determine the ashed weight. Ash-free dry weights (AFDW) were calculated to
correct for the influence of sediment grain size differences between treatments. The ashed boats were
weighed to 0.01 mg and the ashed weight was subtracted from the dry weight to calculate the AFDW.
Both dry weight and AFDW were used to determine individual worm weight and growth rates.

To evaluate the relative sensitivity of the organisms, reference toxicity tests were performed using
standard reference toxicants (Lee 1980). A water-only, 4-day reference-toxicant test was conducted
concurrently with the sediment tests using ammonium chloride. The ammonium chloride reference-
toxicant test was used to ensure animals used in the test were healthy and of similar sensitivity to prior
tests. This test also provided information on the sensitivity to any ammonia concentrations that might
be present in the sediments.

2.6 Larval Developmental Bioassay

Test sediment was evaluated using the larval benthic toxicity test with the mussel, M. galloprovincialis.
The mussel larval test was initiated on August 1, 2017. The control and reference sediment were tested
with the test treatments. To prepare the test exposures, 18 g (+1 g) of test sediment was placed in clean,
acid and solvent-rinsed 1-L glass jars, which were then filled to 900 mL with 0.45-um filtered seawater.
Six replicate chambers were prepared for the test treatment, reference sediment, and the native
sediment control treatment. Five of the replicates were used to evaluate the test; the sixth replicate was
used as a water quality surrogate. Each chamber was shaken for 10 seconds and then placed in
predetermined randomly-assigned positions in a water bath at 16°C.
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To collect gametes for each test, mussels were placed in clean seawater and acclimated at 16°C for
approximately 20 minutes. The water bath temperature was then increased over a period of 15 minutes
to 20°C. Mussels were held at 20°C and monitored for spawning individuals. Spawning females and
males were removed from the water bath and placed in individual containers with seawater. These
individuals were allowed to spawn until sufficient gametes were available to initiate the test. After the
spawning period, eggs are transferred to fresh seawater and filtered through a 0.5 mm Nitex® mesh
screen to remove large debris, feces, and excess gonadal matter. A composite was made of the sperm
and diluted with fresh seawater. The fertilization process was initiated by adding sperm to the isolated
egg containers. Egg-sperm solutions were periodically homogenized with a perforated plunger during
the fertilization process and sub-samples observed under the microscope for egg and sperm viability.
Approximately one to one and a half hours after fertilization, embryo solutions were checked for
fertilization rate. Only those embryo stocks with >90% fertilization were used to initiate the tests.
Embryo solutions were rinsed free of excess sperm and then combined to create one embryo stock
solution. Density of the embryo stock solution was determined by counting the number of embryos in a
subsample of homogenized stock solution. This was used to determine the volume of embryo stock
solution to deliver approximately 20,000 to 40,000 embryos to each test chamber.

Dissolved oxygen, temperature, pH, and salinity were monitored in water quality surrogates to prevent
loss or transfer of larvae by adhesion to water-quality probes. Ammonia and sulfides in the overlying
water were measured on Day 0 and Day 2 (test termination). Total ammonia as nitrogen was monitored
using an Orion meter fitted with an ammonia ion-specific probe. Total sulfides as S2 were monitored
using a HACH DR/2800V Spectrophotometer. Target test parameters were as follows:

Dissolved Oxygen: >5.0 mg/L
Temperature: 16 £1°C

Salinity: 28 + 1ppt
pH: 7 - 9 units

The development test was conducted as a static test without aeration. The protocol calls for test
termination when 95% of the embryos in the control have reached the prodissoconch | stage
(approximately 48-60 hours). At termination, the overlying seawater was decanted into a clean 1-L jar
and mixed with a perforated plunger. From this container, a 10 mL subsample was transferred to a
scintillation vial and preserved in 5% buffered formalin. Larvae were subsequently stained with a dilute
solution of Rose Bengal in 70% alcohol to help visualization of larvae. The number of normal and
abnormal larvae was enumerated on an inverted microscope. Normal larvae included all D-shaped
prodissoconch | stage larvae. Abnormal larvae included abnormally shaped prodissoconch | larvae and
all early stage larvae.

To evaluate the relative sensitivity of the organisms, reference toxicity tests were performed using
standard reference toxicants (Lee 1980). A water-only reference-toxicant test was conducted
concurrently with the sediment tests using ammonium chloride. The ammonium chloride reference-
toxicant test was used to ensure animals used in the test were healthy and of similar sensitivity to prior
tests. This test also provided information on the sensitivity to ammonia concentrations that would
possibly be present in the sediments.
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2.7 Data Analysis and QA/QC

All water quality and endpoint data were entered into Excel spreadsheets. Water quality parameters
were summarized by calculating the mean, minimum, and maximum values for each test treatment.
Endpoint data were calculated for each replicate and the mean values and standard deviations were
determined for each test treatment.

All hand-entered data was reviewed for data entry errors, which were corrected prior to summary
calculations. A minimum of 10% of all calculations and data sorting were reviewed for errors. Review
counts were conducted on any apparent outliers.

For the larval test, the normalized combined mortality and abnormality endpoint was used to evaluate
the test sediment. This was based on the number of normal larvae in each treatment and reference
sample divided by the mean number of normal larvae in the control replicates, as defined in the SCUM I
guidance document (Ecology 2015).

Experiment-wide survival, growth, and development data were analyzed using one-way analysis of
variance (ANOVA). When ANOVA showed a significant difference, multiple comparison t-tests then
compared survival in each of the control and test sediments against survival in the reference sediments.
Prior to analyses, normality and homogeneity of variance was assessed. When necessary to satisfy these
assumptions, proportional survival data were arcsine square-root transformed. Solid-phase analyses
were performed with GraphPad Prism, Version 7.03. Statistical analyses of all dose-response tests were
performed using CETIS Comprehensive Toxicity Data Analysis and Database Software version 1.9.2.6.
Comparisons between the lab control and each test concentration were performed following
recommended USEPA decision matrices (USEPA 2002).
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3. RESULTS

The results of the sediment testing, including a summary of test results and water quality observations
are presented in this section. Data for each of the replicates, as well as laboratory bench sheets are
provided Appendix A and statistical analyses are provided in Appendix B.

3.1 10-day Amphipod Bioassay

The bioassay test with E. estuarius was validated with 1% mortality in the native sediment control, which
met the performance criterion of <10% mortality for SMS evaluations. This result indicates that the test
conditions were suitable for adequate amphipod survival. Mean mortality in the reference treatments
CARR, SH-Ref-1 and CARR/SH-Ref-1 was between 1 — 5% which met the performance criteria (<25%
mortality) and indicated that the reference sediment was acceptable for suitability determination. Mean
mortality in the three project samples was between 8 — 9%. All endpoint results are summarized in Table
3-1. Summaries of water quality measurements, ammonia and sulfide concentrations, and test
conditions are presented in Table 3-2, Table 3-3, and Table 3-4.

Temperature was recorded above the targeted range of 15 + 1°C (Max value of 16.8°C) on Day 9 among
all treatments. The temperature control system was adjusted upon discovery and temperatures were
returned to the targeted range for the duration of the test. The pH of replicate 5 of sample SPI-31 was
6.7 units on Day 10. This was slightly outside the expected range of 7 — 9 pH units. No corrective action
is warranted for instances of pH variance. Survival within this replicate was 100%, indicating that the pH
did not impair organism survival. All other water quality parameters were within the acceptable limits
throughout the duration of the test. Given the high level of survival among all treatments (291%), these
deviations did not affect the significance of the test results.

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for
this study. The LCso value was within +2 standard deviations from the laboratory historical mean. This
result indicates that the test organisms used in this study were of similar sensitivity to those previously
tested at EcoAnalysts.

Ammonia concentrations observed in the E. estuarius test were below the No Observed Effect
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-3;
compare to NOEC of 151 mg/L). Values were also below the published threshold concentration of 15
mg/L total ammonia (Barton 2002). Therefore, ammonia concentrations within the sediment samples
should not have been a contributor to any adverse biological effects observed in the test treatments.
Initial sulfide concentrations in interstitial water ranged from 0.090 — 25.9 mg/L. Project samples SPI-22
and SPI -30 expressed elevated porewater sulfide values of 15.0 and 25.9 mg/L total sulfides,
respectively. While these values exceeded the potential trigger values for purging (1.9 mg/L total
sulfides / 0.122 mg/L hydrogen sulfide) (Inouye 2015), this evaluation did not require sample purging
prior to testing (Soccorsy 2017). Given the high survival observed in all test treatments, these values did
not appear to affect the test results.
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Table 3-1. Test Results for Eohaustorius estuarius.

Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

Number Mean
Treatment Replicate Nt-n'nber Nun‘lb‘er Missing Percer?tage Percentage SD
Initiated Surviving Survival .,
or Dead Survival

1 20 20 0 100
2 20 19 1 95

Control 3 20 20 0 100 99.0 2.2
4 20 20 0 100
5 20 20 0 100
1 20 18 2 90
2 20 19 1 95

SH-Ref-1 3 20 18 2 90 95.0 5.0
4 20 20 0 100
5 20 20 0 100
1 20 20 0 100
2 20 19 1 95

CARR 3 20 18 2 90 96.0 4.2
4 20 20 0 100
5 20 19 1 95
1 20 20 0 100
2 20 20 0 100

CARR / SH-Ref-1 3 20 20 0 100 99.0 2.2
4 20 20 0 100
5 20 19 1 95
1 20 20 0 100
2 20 17 3 85

SPI-22 3 20 18 2 90 91.0 5.5
4 20 18 2 90
5 20 18 2 90
1 20 20 0 100
2 20 17 3 85

SPI-30 3 20 20 0 100 91.0 10.8
4 20 15 5 75
5 20 19 1 95
1 20 18 2 90
2 20 17 3 85

SPI-31 3 20 19 1 95 92.0 5.7
4 20 18 2 90
5 20 20 0 100
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Table 3-2. Water Quality Summary for Eohaustorius estuarius.

Dissolved Oxygen Temperature Salinity oH
(mg/L) (°c) (ppt) ; .
- 9 units
Treatment 25.1 mg/L 15+ 1°C 28 + 1 ppt
Mean | Min | Max | Mean| Min | Max | Mean| Min | Max | Mean | Min | Max
Control 8.3 7.7 85 | 15.0 | 14.1 | 16.6 29 28 29 8.1 8.0 8.2
SH-Ref-1 8.3 8.1 85 | 15.0 | 14.2 | 16.6 29 29 29 8.2 8.0 8.5
CARR 8.3 8.1 84 | 15.1 | 14.2 | 16.7 29 28 29 8.1 8.0 8.3
CARR / SH-Ref-1 | 8.3 7.9 85 | 15.1 | 143 | 16.7 29 29 29 8.1 8.0 8.3
SPI-22 8.2 7.9 84 | 151 | 144 | 16.8 29 28 29 8.2 7.8 8.6
SPI-30 8.2 7.9 84 | 15.1 | 14.2 | 16.7 28 28 29 8.3 7.8 8.6
SPI-31 8.3 8.0 85 | 15.2 | 144 | 16.8 28 27 29 8.2 6.7 8.6
Bold = Values that fell outside of the targeted water quality criteria
Table 3-3. Ammonia and Sulfide Summary for Eohaustorius estuarius.
Overlying Ammonia | Interstitial Ammonia Overlying Sulfides Interstitial Sulfides
(mg/L Total) (mg/L Total)
T (mg/L Total) (me/L Total) Trigger Value =1.9 | 2Trigger Value = 1.9
reatment 1 - a _ i ue =1. i ue=1.
NOEC = 151 mg/L NOEC = 151 mg/L me/L me/L
Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 Day 0 Day 10
Control 0.00 0.00 NM NM 0.011 0.020 NM NM
SH-Ref-1 0.365 0.588 NM 2.61 0.082 0.005 NM NM
CARR 0.226 0.00 3.80 1.46 0.037 0.02 0.090 0.069
CARR / SH-Ref-1 0.432 0.163 5.10 1.43 0.061 0.011 0.11 0.122
SPI-22 0.522 0.674 6.00 2.81 0.031 0.035 15.0 0.298
SPI-30 0.805 2.42 8.50 2.90 0.009 0.012 25.9 0.198
SPI-31 0.603 0.252 5.30 2.20 0.021 0.043 0.1 0.196

INOEC (concurrent reference-toxicant test derived) = 151 mg/L total ammonia
2Inouye 2015: Total sulfide value 1.9 mg/L derived from hydrogen sulfide dissociation (0.122 mg/L H,S @ 15°C, 28 ppt, and 8.1 pH)
NM = not measured; insufficient porewater recovered for analysis

Bold = Values that fell outside of the targeted water quality criteria
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Table 3-4.Test Condition Summary for Eohaustorius estuarius.

Test Conditions: PSEP E. estuarius

Date sampled July 12 - 13, 2017
Date received July 15, 2017

Test dates July 28 — August 7, 2017
Sample storage conditions 4°C, dark

Days of holding

Recommended: <8 weeks (56 days) 15-16 Days

Source of control sediment Yaquina Bay, OR

Test Species E. estuarius

Supplier Northwestern Aquatic Sciences, Newport, OR
Date acquired July 27, 2017

Age class Mature adult, 3-5 mm

PSEP 1995 with SMARM revisions, SCUM Il (2015)

Test Procedures SOP No. SED002.09

Test location EcoAnalysts Port Gamble Laboratory
Test type/duration 10-Day static
Control water North Hood Canal seawater, 0.45um filtered
Test dissolved oxygen Recommended: > 5.1 mg/L Observed: 7.7 — 8.5 mg/L
Test temperature Recommended: 15+ 1 °C Observed: 14.1 —16.8°C
Test Salinity Recommended: 28 + 1 ppt Observed: 27 —29 ppt
Test pH Recommended: 7 -9 Observed: 6.7 -8.6
Control Performance Standard Recommended:

Ob d: 19 tality; P
SMS Control € 10% mortality served: 1% mortality; Pass
Reference Performance Standard Recommended: . o
SMS Reference < 25% mortality Observed mortality: 1 — 5%; Pass

Reference Toxicant LC50
(total ammonia)
Mean; Acceptable Range
(total ammonia)

LCso = 196.9 mg/L

151.1; 55.5-246.7 mg/L

NOEC (total ammonia) 151 mg/L

NOEC (unionized ammonia) 1.74 mg /L

Test Lighting 50 — 100 foot candles (ambient and constant)
Test chamber 1-Liter Glass Chamber

5+ 2 surrogates

Replicates/treatment
P / (one used for WQ measurements throughout the test)

Organisms/replicate 20

Exposure volume 175 mL sediment/ 775 mL water
Feeding None

Water renewal None

Deviations from Test Protocol Temperature, pH
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3.2 20-day Juvenile Polychaete Bioassay

No mortality was observed in the N. arenaceodentata control sediment and mean individual growth
(MIG) in the control was 0.397 mg/ind/day (dry weight) and 0.261 mg/ind/day (AFDW). These values fall
within the test acceptability criteria of <10% mean mortality and =0.38 mg/ind/day dry weight (Kendall
1996), indicating that the test conditions were suitable for adequate polychaete survival and growth. A
summary of the test results for all samples is shown in Table 3-5. Summaries of water quality
measurements, ammonia and sulfide concentrations, and test conditions are presented in Table 3-6,
Table 3-7, Table 3-8, and Table 3-9.

Mean mortality in the reference treatments ranged from 0 — 4%, meeting the reference performance
standard of <10% (WDOE 2015; USACE 2015). Mean individual growth for the reference treatments
ranged from 0.362 to 0.417 mg/ind/day (dry weight) and 0.274 to 0.305 mg/ind/day (AFDW). When
compared to the control, MIG expressed as AFDW ranged from 1.049 to 1.169, which met the reference
performance standard of 20.80 (WDOE 2015).

Mortality in the project sediments ranged from 0% to 16%. Mean individual growth (as dry weight) in
the test treatments ranged from 0.250 to 0.428 mg/ind/day. Mean individual growth in the AFDW
assessment, which removes variability caused by gut contents, ranged from 0.198 to 0.341 mg/ind/day
as AFDW.

All water quality parameters were within the acceptable limits throughout the duration of the test.
Initial mean individual biomass (pretest) of the test organisms was below the recommended criterion of
0.25 —0.50 mg/individual at 0.111 mg/ind; however, the test organisms were within the recommended
age for testing (2 -3 weeks old). The control growth criterion was met (0.397; 20.38 mg/ind/day),
indicating a valid test.

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for
this study. The LCso value was within control chart limits (+2 standard deviations from the laboratory
historical mean). This result indicates that the test organisms used in this study were of similar
sensitivity to those previously tested at EcoAnalysts.

Ammonia concentrations observed in the N. arenaceodentata test were below the No Observed Effect
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-7;
compare to NOEC of 99.9 mg/L). Initial sulfide concentrations in the interstitial water were below the
NOEC of 3.4 mg/L total sulfides (Kendall and Barton 2004) for all samples except SPI-30 and SPI-31,
which had measured sulfide levels of 3.5 and 7.8 mg/L, respectively. While these values exceeded
established trigger values, this evaluation did not warrant sample purging prior to testing (Soccorsy
2017).
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Table 3-5. Test Results for Neanthes arenaceodentata.

Mean Individual Growth (mg/ind/day)
Treatment Rep Nt-n.nber Survivors | Mortality
Initiated (%) Dry Mean Std AFDW | Mean Std
Weight Dev Dev
1 5 5 0.669 0.411
2 5 5 0.312 0.199
Control 3 5 5 0 0.373 0.397 | 0.154 0.272 0.261 0.089
4 5 5 0.317 0.201
5 5 5 0.317 0.224
1 5 5 0.322 0.234
2 5 5 0.320 0.230
SH-Ref-1 3 5 5 0 0.333 0.362 | 0.059 0.261 0.274 0.054
4 5 5 0.460 0.364
5 5 5 0.376 0.277
1 5 5 0.432 0.301
2 5 5 0.419 0.330
CARR 3 5 5 0 0.407 0.417 | 0.030 0.307 0.305 0.029
4 5 5 0.454 0.330
5 5 5 0.372 0.260
1 5 5 0.353 0.258
2 5 4 0.427 0.326
CARR /SH-Ref-1| 3 5 5 4.0 0.416 0.410 | 0.033 0.313 0.301 0.031
4 5 5 0.416 0.281
5 5 5 0.438 0.330
1 5 5 0.160 0.132
2 5 5 0.278 0.220
SH-13A 3 5 5 0 0.276 0.250 | 0.052 0.209 0.198 0.037
4 5 5 0.283 0.221
5 5 5 0.254 0.207
1 5 5 0.295 0.249
2 5 5 0.206 0.174
SH-19 3 5 5 0 0.282 0.262 | 0.050 0.218 0.216 0.041
4 5 5 0.316 0.265
5 5 5 0.212 0.176
1 5 5 0.397 0.301
2 5 5 0.378 0.275
SH-22 3 5 5 0 0.313 0.326 | 0.060 0.253 0.253 0.038
4 5 5 0.257 0.201
5 5 5 0.285 0.238
1 5 5 0.282 0.213
2 5 5 0.438 0.293
SH-28 3 5 5 0 0.127 0.307 | 0.129 0.086 0.219 0.089
4 5 5 0.264 0.197
5 5 5 0.426 0.307
1 5 5 0.416 0.334
2 5 5 0.537 0.427
SPI-22 3 5 5 0 0.405 0.415 | 0.076 0.311 0.329 0.061
4 5 5 0.385 0.313
5 5 5 0.330 0.260
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1 5 5 0.395 0.307
2 5 5 0.527 0.433

SPI-30 3 5 4 4.0 0.443 0.428 | 0.062 0.348 0.341 0.055
4 5 5 0.409 0.325
5 5 5 0.367 0.292
1 5 5 0.402 0.295
2 5 5 0.226 0.174

SPI-31 3 5 5 16.0 0.317 0.324 | 0.096 0.244 0.245 0.061
4 5 3 0.438 0.315
5 5 3 0.235 0.196
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Table 3-6. Water Quality Summary for Neanthes arenaceodentata.

Dissolved Oxygen Temperature Salinity oH
Treatment (mg/L) (°c) (ppt) Dt
24.6 mg/L 20t 1°C 28 + 2 ppt

Mean | Min | Max | Mean | Min | Max | Mean | Min Max | Mean | Min Max
Control 7.5 7.3 7.8 19.3 | 189 | 19.8 29 29 29 8.1 7.2 8.2
SH-Ref-1 7.5 7.3 7.7 19.3 | 189 | 199 29 29 29 8.2 7.4 8.4
CARR 7.5 6.7 7.7 194 | 19.0 | 19.9 29 28 29 8.0 7.1 8.1
CARR / SH-Ref-1 7.5 7.2 7.7 19.4 | 19.1 | 199 29 29 29 8.1 7.3 8.2
SH-13A 7.5 7.0 7.7 19.5 | 19.2 | 20.0 29 28 29 8.0 7.2 8.1
SH-19 7.5 7.1 7.7 19.4 | 19.0 | 199 28 27 29 8.0 7.2 8.1
SH-22 7.4 7.1 7.7 19.6 | 19.3 | 20.1 29 28 29 8.2 7.5 8.3
SH-28 7.5 7.0 8.0 19.5 | 19.0 | 199 29 28 29 8.0 7.2 8.2
SPI-22 7.1 5.4 7.6 19.5 | 19.1 | 19.8 29 28 29 7.9 7.2 8.2
SPI-30 7.4 7.0 7.6 19.5 | 19.1 | 199 29 28 29 8.1 7.4 8.3
SPI-31 7.0 6.6 7.5 19.6 | 19.0 | 20.1 29 28 29 8.0 7.7 8.4

Bold = Values that fell outside of the targeted water quality criteria

Table 3-7. Ammonia Summary for Neanthes arenaceodentata.

Overlying Ammonia Interstitial Ammonia
Treatment (mg/L Total) (mg/L Total)
INOEC =99.9 mg/L INOEC =99.9 mg/L
Day 0 Day 20 Day 0 Day 20

Control 0.00 1.94 NM 1.39
SH-Ref-1 0.897 0.00 NM 1.01
CARR 0.541 0.103 NM 1.21
CARR / SH-Ref-1 0.549 0.006 4.60 1.09
SH-13A 0.426 0.00 3.04 0.335
SH-19 0.318 0.00 2.25 0.566
SH-22 1.59 0.00 12.9 1.94
SH-28 0.217 0.00 1.69 0.586
SPI-22 0.629 0.431 4.90 3.15
SPI-30 1.15 2.42 5.40 3.86
SPI-31 0.765 0.066 7.60 0.995

INOEC (concurrent reference-toxicant test derived) = 99.9 mg/L total ammonia

NM = not measured; insufficient porewater recovered for analysis
Bold = Values that fell outside of the targeted water quality criteria
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Table 3-8. Sulfide Summary for Neanthes arenaceodentata.

Overlying Sulfides Interstitial Sulfides
Treatment (mg/L Total) (mg/L Total)
Trigger Value = 3.4 mg/L Trigger Value = 3.4 mg/L

Day 0 Day 20 Day 0 Day 20
Control 0.000 0.017 0.010 0.043
SH-Ref-1 0.035 0.006 0.180 0.111
CARR 0.014 0.011 0.050 0.037
CARR / SH-Ref-1 0.066 0.026 0.130 0.051
SH-13A 0.008 0.014 0.060 0.040
SH-19 0.021 0.013 0.070 0.104
SH-22 0.049 0.006 0.140 0.052
SH-28 0.018 0.004 0.090 0.066
SPI-22 0.014 0.012 3.530 0.168
SPI-30 0.035 0.010 7.780 0.182
SPI-31 0.014 0.003 0.160 0.134

!Kendall and Barton 2004
Bold = Values that fell outside of the targeted water quality criteria
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Table 3-9. Test Condition Summary for Neanthes arenaceodentata.

Test Conditions: PSEP N. arenaceodentata

Date sampled

July 12 - 13, 2017

Recommended: <8 weeks (56 days)

Date received July 15, 2017

Test dates July 28 — August 17, 2017
Sample storage conditions 4°C, dark

Days of holding 15— 16 days

Source of control sediment

Yaquina Bay, OR

Test Species

N. arenaceodentata

Supplier Aquatic Toxicology Support
Date acquired July 28, 2017
Age class Juvenile; 14 - 18 Days post emergence

Test Procedures

PSEP 1995 with SMARM revisions, SCUM Il (2015)
SOP No. SED009.08

Test location

EcoAnalysts Port Gamble Laboratory

Test type/duration

20-Day static renewal

Control water

North Hood Canal seawater, 0.45um filtered

Test dissolved oxygen Recommended: > 4.6 mg/L Observed: 5.4—-8.0 mg/L
Test temperature Recommended: 20+ 1 °C Observed: 18.9 - 20.1 °C
Test Salinity Recommended: 28 + 2 ppt Observed: 27 —29 ppt
Test pH Recommended: 7 -9 Observed: 7.1-8.4

Initial biomass

Recommended: 0.5-1.0 mg

Minimum: 0.25 mg 0.111 mg

Control Performance Standard

Recommended:

Ob d: 0% P
Control < 10% mortality served: 0% Pass

Recommended: > 0.72 mg/ind/day
Minimum: = 0.38 mg/ind/day
(as Dry Weight)

Observed:
0.397 mg/ind/day; Pass

Reference performance standard
(SMS)

Recommended: Mortality <20% 0 —4%; Pass
MIGgreference/ MIGcontrol = 80% 91.0% (mean); Pass

Reference Toxicant LCso
(total ammonia)

LCso = 183.1 mg/L

Mean; Acceptable Range
(total ammonia)

163.7; 90.1 - 237.3 mg/L

NOEC (total ammonia)

99.9 mg/L

NOEC (unionized ammonia)

1.532mg/L

Test Lighting

50 — 100 foot candles

Test chamber

1-Liter Glass Chamber

Replicates/treatment

5+ 2 surrogates
(one used for WQ measurements throughout the test)

Organisms/replicate

5

Exposure volume

175 mL sediment/ 775 mL water

Feeding

40 mg/jar every other day (8 mg/ind every other day)

Water renewal

Water renewed every third day (1/3 volume of exposure chamber)

Deviations from Test Protocol

Initial biomass
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3.3 Larval Development Bioassay

The larval development test with M. galloprovincialis was validated by 93.1% normal survivorship,
defined as the mean number of normal larvae within the control divided by the stocking density. This
value was within both the SMS acceptability criteria of >70%. A summary of the test results for all
samples is shown in Table 3-10. Summaries of water quality measurements, ammonia and sulfide
concentrations, and test conditions are presented in, Table 3-11, Table 3-12, and Table 3-13.

Mean normal survival of the reference sediments were between 79.6 and 92.0% of the control
response, which met the SMS reference acceptability criteria (Nr/Nc) of 265%. This is defined as the
number of normal larvae in the reference sample(s) divided by the number of normal larvae in the
control. The test mean chamber stocking density (measured at test initiation) was 27.9 embryos/mL and
was within the test objective of 20 — 40 embryos/mL.

Water quality parameters were within acceptable limits throughout the duration of the test, except for
dissolved oxygen on the final day of testing.

The reference-toxicant test ECso for total ammonia was 9.27 mg/L, which fell slightly above the
confidence limits of 2.31 — 8.59 mg/L. While it is useful to report results in terms of total ammonia
because these values are directly measured by ion-selective electrode, the calculated unionized
ammonia (UIA) values can sometimes be a better predictor of aquatic toxicity. This is primarily a
reflection that slight differences within test pH have a significant effect on the expression of UIA. After
correction for actual test conditions (pH, salinity, temperature) the unionized ammonia LCsovalue was
calculated to be 0.136 mg/L UIA, which was within two standard deviations of the running mean (0.017
—0.184 mg/L UIA). Given these results it is unlikely that the test organisms were unhealthy or less
sensitive than usual.

Ammonia concentrations observed in the M. galloprovincialis test were below the No Observed Effect

Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-12;
compare to NOEC 6.4 mg/L). This indicates that ammonia concentrations within the sediment samples

should not have contributed to any adverse biological effects observed in the test treatments.
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Toxicology Testing Results
Shelton Harbor Sediment Cleanup Unit
Shelton, Washington

1
2 253 15
Control 3 236 17 259.6 1.6 Meet>so(.;i('zlerion
4 252 12
5 271 10
1 224 5
2 273 13 >0.65;
SH-Ref-1 3 232 12 238.8 1.4 Meets Criterion
4 233 7
5 232 4
1 224 28
2 225 27
20.65;
CARR / SH-Ref-1 3 228 25 224.4 2.4 86.4 Meets Criterion
4 236 43
5 209 34
1 228 8
2 257 ! 20.65;
CARR 3 240 7 236.6 0.7 91.1 Meets Criterion
4 225 7
5 233 11
1 211 9
2 207 6 20.65;
CR-022 3 225 3 206.6 3.1 79.6 Meets Criterion
4 221 11
5 169 18
1 218 13
2 252 7
SH-04 3 264 8 236.2 1.2
4 213 8
5 234 8
1 233 18
2 230 13
SH-14 3 221 14 231.4 13
4 228 9
5 245 12
1 196 32
2 189 24
SH-19 3 177 29 182.0 3.1
4 185 17
5 163 13
1 207 2
2 217 3
SH-21 3 225 5 220.0 0.9
4 243 8
5 208 5
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1 213 9
2 190 8
SH-22 3 247 13 208.6
4 203 3
5 190 5
1 231 10
2 227 9
SH-24 3 208 4 222.6
4 230 6
5 217 8
1 174 19
2 184 10
SPI1-22 3 175 12 177.6
4 194 13
5 161 7
1 214 8
2 210 11
SPI-30 3 229 13 211.8
4 224 9
5 182 6
1 230 10
2 236 7
SPI-31 3 241 4 230.8
4 236 9
5 211 8

| = Mean Initial count (Stocking density); 278.8
Nc=Mean Control Normal
Ngr = Mean Reference Normal
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Table 3-11. Water Quality Summary for Mytilus galloprovincialis.

Dissolved Oxygen Temperature Salinity oH
(mg/L) (°c) (ppt) G
Treatment 25.0 mg/L 161 1°C 2812 ppt

Mean | Min | Max | Mean | Min | Max | Mean | Min | Max | Mean | Min | Max
Control 72 | 71 |72 | 16.0 | 159 |16.2| 28 28 |28 | 78 | 7.8 | 7.8
SH-Ref-1 61 | 55 | 71 | 16.2 | 16.0 |16.3| 28 28 | 28 | 7.7 | 7.7 | 7.8
CARR/SH-Ref-1 62 | 55 | 6.9 | 16.1 | 16.0 |16.3| 28 28 | 28 | 7.7 | 7.7 | 7.8
CARR 6.3 59 | 69| 163 | 16.0 |165| 28 28 | 28 | 78 | 7.7 | 7.8
CR-022 61 | 56 | 6.4 | 16.3 | 16.0 |16.5| 28 28 | 28 | 7.8 | 78 | 7.8
SH-04 59 | 53 |63 | 164 | 16.0 |16.7 | 28 28 |28 | 76 | 76 | 7.7
SH-14 62 | 58 | 6.8 | 163 | 16.1 [16.7| 28 28 | 28 | 7.7 | 76 | 7.7
SH-19 59 | 50 | 7.0 | 16.1 | 16.0 |16.2| 28 28 | 28 | 76 | 76 | 7.7
SH-21 55 | 44 |62 | 161 | 159 |16.2| 28 28 | 28 | 7.8 | 7.7 | 7.8
SH-22 63 | 57 | 67| 16.1 | 160 |16.3| 28 28 | 28 | 7.7 | 76 | 7.7
SH-24 58 | 53 |62 | 163 | 15.8 |16.7| 28 28 | 28 | 7.7 | 76 | 7.7
SPI-22 54 | 3.6 | 63| 164 | 16.1 |16.6| 28 28 | 28 | 76 | 75 | 7.7
SPI-30 50 | 46 |55 | 164 | 163 |[165| 28 28 | 28 | 76 | 76 | 7.7
SPI-31 62 | 50 | 6.8 | 16.2 | 159 |[16.5| 28 28 | 28 | 7.7 | 7.7 | 7.8

Bold = Values that fell outside of the targeted water quality criteria
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Table 3-12. Ammonia and Sulfide Summary for Mytilus galloprovincialis.

Overlying Ammonia Overlying Sulfides
(mg/L Total) (mg/L Total)
Treatment INOEC = 6.4 mg/L 2Trigger Value = 0.009 mg/L
Day 0 Final (Day 2) Day 0 Final (Day 2)

Control 0.00 0.00 0.008 0.001
SH-Ref-1 0.00 0.00 0.101 0.023
CARR/SH-Ref-1 0.00 0.00 0.202 0.029
CARR 0.00 0.00 0.084 0.025
CR-022 0.00 0.00 0.156 0.031
SH-04 0.00 0.00 ND 0.018
SH-14 0.00 0.00 0.003 0.024
SH-19 0.00 0.00 0.091 0.024
SH-21 0.00 0.00 ND 0.020
SH-22 0.00 0.00 0.054 0.017
SH-24 0.00 0.00 ND 0.013
SPI-22 0.01 0.00 ND 0.014
SPI-30 0.14 0.00 ND 0.012
SPI-31 0.00 0.00 ND 0.029

INOEC (concurrent reference-toxicant test derived) = 6.4 mg/L total ammonia

2Inouye 2015: Total sulfide value 0.009 mg/L derived from hydrogen sulfide dissociation (0.0025 mg/L H.S @ 16°C, 28 ppt, and 7.7 pH)
ND = Non-detect

Bold = Values that fell outside of the targeted water quality criteria
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Table 3-13. Test Condition Summary for Mytilus galloprovincialis.

Test Conditions: PSEP M. galloprovincialis

Date sampled July 12 - 13, 2017

Date received July 15, 2017

Test dates August 1 -3, 2017
Sample storage conditions 4°C, dark

Holding time

Recommended: < 8 weeks (56 days) 20 Days

Test Species M. galloprovincialis
Supplier Taylor Shellfish, Shelton, Wa
Date acquired July 25, 2017

Age class <4-h old embryos

PSEP 1995 with SMARM revisions, SCUM Il (2015)

Test Procedures SOP No. SED005.06

Test location EcoAnalysts Port Gamble Laboratory

Test type/duration 48-60 Hour static test (Actual: 48 hours)

Control water North Hood Canal sea water, 0.45um filtered

Test dissolved oxygen Recommended: > 4.8 mg/L Observed: 3.6 — 7.2 mg/L

Test temperature Recommended: 16 +1 °C Observed: 15.8 - 16.7 °C

Test Salinity Recommended: 28 + 1 ppt Observed: 28 ppt

Test pH Recommended: 7 -9 Observed: 7.5-7.8

Stocking Density Recon;:qurr\::j/:mzl-o —40 Observed: 27.9 embryos/mL

Control performance standard Recommended:

(SMS) i Control normal survival > 70% Observed: 93.1%; Pass
Recommended:

Reference performance standard

(SMS) Reference normal survival relative | Observed: 79.6 — 92.0%; Pass

to control > 65%
Reference Toxicant Total Ammonia Unionized Ammonia
Reference Toxicant ECso

(total ammonia) ECs0=9.27 mg/L ECs0 =0.136 mg/L
Mean; Acceptable Range 5.45; 2.31 - 8.59 mg/L 0.100; 0.017 — 0.184 mg/L
(total ammonia)

NOEC C(_)mblned proportion normal (total 6.4 mg/L 0.094 mg /L
ammonia)

Test Lighting 50 — 100 foot candles

Test chamber 1-Liter Glass Chamber
Replicates/treatment 5 + 1 surrogate (used for WQ measurements throughout the test)
Exposure volume 18 g sediment/ 900 mL water

Feeding None

Water renewal None

Deviations from Test Protocol Dissolved oxygen
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4. DISCUSSION

Sediments were evaluated based on Sediment Management Standards (SMS) criteria. The biological
criteria are based on both statistical significance (a statistical comparison) and the degree of biological
response (a numerical comparison). The SMS criteria are derived from the Washington Department of
Ecology’s Sediment Cleanup User’s Manual Il (SCUM II; WDOE 2015). Comparisons were made for each
treatment against the reference sample. Two numerical comparisons were made under SMS, the
Sediment Cleanup Objective (SCO) and the Cleanup Screening Level (CSL).

4.1 Amphipod Test Suitability Determination

Under the SMS program, a treatment will fail SCO if mean mortality in the test sediment relative to the
reference sediment is >25% and the difference between mean mortality in the treatment compared to
mean mortality in the reference is statistically significant (p < 0.05). Treatments fail the CSL if mean
mortality in the test treatment >30% relative to the reference sediment and the difference is statistically
significant.

Project sediments from the Shelton Harbor Site do not fail the SCO and CSL criteria for the amphipod
test as shown in Table 4-1.

Table 4-1. SMS Comparison for Eohaustorius estuarius.

- Statistically Mortality Fails
T - eaF c STor Different than Comparison | Fails SCO?* CsL2?
LU o(r‘;a) ity ompared fo: Reference? to Reference > 259 3o.~y
>
0 (P=0.05) Mr-Mg (%) °
Control 1
SH-Ref-1 5
CARR 4
CARR/SH-Ref-1 1
SPI-22 9 SH-Ref-1 No 4 No No
SPI-30 9 CARR/SH-Ref-1 No 8 No No
SPI-31 8 CARR No 4 No No
1SCO: Statistical Significance and M1 >25%
2CSL: Statistical Significance and Mr-Mg >30%
Mr = Treatment Mortality
Mg = Reference Mortality
4.2 Juvenile Polychaete Test Suitability Determination

Suitability determinations for the juvenile polychaete test were based on mean individual growth (MIG).
A test treatment fails SCO criteria if MIG is statistically lower in the test treatment, relative to the
reference, and the ratio of the MIG in the test treatment is <0.70 that of the reference. The treatments
will fail CSL criteria if the MIG is significantly lower than the reference treatment and the ratio between
the MIG of the treatment and the MIG of the reference is <0.50.

Project sediments SH-13A and SH-19 fail the SCO criteria for both dry weight and AFDW. Additionally,
sample SH-28 fails the SCO criteria for AFDW. All other Shelton Harbor project sediments do not fail the
SCO and CSL criteria when evaluated on the dry weight and AFDW basis (Table 4-2).
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Table 4-2. SMS Comparison for Neanthes arenaceodentata.

isticall
Treatment mIG Comparison s::tsss ttr::ny 't\:')'ger::'r‘;:‘c’: Fails SCO?* | Fails CSL??
(mg/ind/day) To: Reference? MIG:/MIG <0.70 <0.50
(p=0.05)
Dry Weight
Control 0.397
SH-Ref-1 0.362
CARR 0.417
CARR/SH-Ref-1 0.410
SH-13A 0.250 CARR Yes 0.60 Yes No
SH-19 0.262 CARR Yes 0.63 Yes No
SH-22 0.326 CARR/SH-Ref-1 No 0.80 No No
SH-28 0.307 CARR/SH-Ref-1 No 0.75 No No
SPI-22 0.415 SH-Ref-1 No 1.15 No No
SPI-30 0.428 CARR/SH-Ref-1 No 1.04 No No
SPI-31 0.324 CARR No 0.78 No No
Ash-Free Dry Weight
Control 0.261
SH-Ref-1 0.274
CARR 0.305
CARR/SH-Ref-1 0.301
SH-13A 0.198 CARR Yes 0.65 Yes No
SH-19 0.216 CARR No 0.71 No No
SH-22 0.253 CARR/SH-Ref-1 No 0.84 No No
SH-28 0.219 CARR/SH-Ref-1 No 0.73 No No
SPI-22 0.329 SH-Ref-1 No 1.20 No No
SPI-30 0.341 CARR/SH-Ref-1 No 1.13 No No
SPI-31 0.245 CARR No 0.80 No No

1SCO: Statistical Significance and MIG1/MIGg <70%
2CSL: Statistical Significance and MIGr/MIGg <50%
MIGr = Treatment Mean Individual Growth
MIGr = Reference Mean Individual Growth
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4.3 Larval Test Suitability Determination

Larval test treatments fail SCO criteria if the number of normal larvae in the test treatment is
significantly lower (p < 0.10) than that of the reference and if the ratio between the normal larval
development in the test treatment is less than 0.85 of the normal development in the reference.
Treatments fail CSL criteria if the number of normal larvae in the test treatment is significantly lower (p
< 0.10) than that of the reference and if the ratio between the normal larval development in the test
treatment is less than 0.70 of the normal development in the reference.

Project sediments SH-19 and SH-22 fail the SCO criteria for larval development, but do not exceed the
CSL criteria. All other project sediments from the Shelton Harbor Site pass the SCO and CSL criteria for
the bivalve development evaluation (Table 4-3).

Table 4-3. SMS Comparison for Mytilus galloprovincialis.

Statistically Normal . .
Mean Mean . Fails Fails
S, N | R, c STor Less than Survival to sCO?2 | csL2®
reatmen ?rma : umber ompared To: Reference? Reference ! ?
Survival (%) Normal <0.85 <0.70
(p=0.10) Nr/Nr
Control 93.1 260
SH-Ref-1 92.0 239
CARR/SH-Ref-1 86.4 224
CARR 91.1 237
CR0O22 79.6 207
SH-04 93.4 236 CARR No 0.996 No No
SH-14 94.2 231 CARR/SH-Ref-1 No 1.03 No No
SH-19 79.0 182 CARR Yes 0.768 Yes No
SH-21 86.5 220 CR0O22 No 1.06 No No
SH-22 83.3 209 CARR/SH-Ref-1 No 0.933 No No
SH-24 88.6 223 CARR/SH-Ref-1 No 0.996 No No
SPI-22 73.1 178 SH-Ref-1 Yes 0.745 Yes No
SPI-30 85.2 212 CARR/SH-Ref-1 No 0.946 No No
SPI-31 91.8 231 CARR No 0.975 No No

! Control data is normalized to the stocking density; reference and project treatments are normalized to the control
2SCO: Statistical Significance and (Nt/Ng) <0.85

3 CSL: Statistical Significance and (Nt/Ng) <0.70

Nt =Treatment Mean Number Normal

Ng =Reference Mean Number Normal

Nc =Control Mean Number Normal
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5. SUMMARY

A summary of the biological tests conducted on the Shelton Harbor Site sediments evaluated under the
SMS sediment quality criteria (Table 5-1) are provided below.

Samples SH-13A and SH-19 fail SCO criteria for polychaete growth and SH-19 and SPI-22 fail SCO for
bivalve normality. All other project samples pass the SCO and CSL performance criteria for all tests
performed on the Shelton Harbor Site sediments.

Table 5-1. Summary of SMS Evaluation.

Sediment Cleanup Objectives Cleanup Screening Levels
Treatment
Amphipod | Polychaete Larval Amphipod Polychaete Larval

SH-04 Pass Pass Pass Pass
SH-13A Fail Pass Pass Pass
SH-14 Pass Pass
SH-19 Fail Fail Pass Pass
SH-21 Pass Pass
SH-22 Pass Pass Pass Pass
SH-24 Pass Pass
SH-28 Pass Pass

SPI-22 Pass Pass Fail Pass Pass Pass
SPI-30 Pass Pass Pass Pass Pass Pass
SPI-31 Pass Pass Pass Pass Pass Pass

*Shaded cells represent tests not conducted as part of the test design
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10 DAY SOLID PHASE TEST DATA

FeOJANALYSTS
1CLIENT PROJECT JOB NO. PROJECT MAN. LABORATORY PROTOCOL SPECIES
Anchor QEA Shelton Harbor PG1019 Brian Hester Port Gamble / PSEP 1995 Eohaustorius estuarius
ENDPOINT DATA & OBSERVATIONS
#5= Number on the Surface DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8 DAYS | DAY 10 o
#M= Number of Mortality Z
L=Anoxic Surface DAT DATE DATE DATE DATE DATE DATE DATE DATE DATE A <
F=Fungal Patches - N
D=No Air Flow (007) INTIAL 7 Or }TZQ/F} 31%0 7\?\ 6/0( (8‘/'2_ 8}3 ¥ /L‘ 6}{ ‘g/é 4 [F \leu
N;Nglc':]sasl o0 oi;JBMS TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN z
B=No Burrows )
| v ogv ' [Ao §‘£
INITIAL (NID t&{/ L) (X\7 % \Nb ('b % %
Samp'e ID REP # # OBSERVNS. OBSERVNS. OBSERVNS, OBSERVNS. OBSERVNS. OBSERVNS, OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. P4
I . N_|.N N N N N N v W laze
2. \ m | m 14
Control / 3 N N 28
I \...1R0
5 % \ / b | fan
..... 1 mE] C N N N N (g
2. Y, N \A
SH-Ref-1/ 3 I8
4 | 2.0
5 % Y N \ \ / ey
1 g C 1 C T ] B 20
2. 19 N N N N 9.
CARR / 3 N |8
4 B N 10
5 l N U | 15 \ 14
..... ' | N NN 20
2. [ \ 20
CARR/SH-Ref-1/ | 3 | ™y R0
. ¥ Y N Y ( L2
5 U | 2 BV T N vV U /119
Oredv 71313 @ wi-mr 87,
D6, w 313\ ,
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o] ANALYSTS

10 DAY SOLID PHASE TEST DATA

CLIENT
Anchor QEA

PROJECT
Shelton Harbor

JOB NO.

PG1019

PROJECT MAN.

Brian Hester

LABORATORY
Port Gamble /

PROTOCOL

PSEP 1995

SPECIES

Eohaustorius estuarius

ENDPOINT DATA & OBSERVATIONS

#5= Number on the Surface
#M= Number of Mortality
L=Anoxic Surface
F=Fungal Patches

D=No Air Flow (DO?)
U=Excess food

N=Normal

B=No Burrows

INITIAL # OF
ORGANISMS

Sample ID

SP1-22 /

SPI-30 /

SPI-31/

0) Uovdy Tubiy , 314

DAY 1 DAY 2 DAY 3 DAY 5 DAY 6 DAY 7 DAY 8 DAY 9 DAY 10 o
DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE J g
T 30 | 9131 6o\ 811 |55 |3)U |55 g/, | 617 132
TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN TECHNICIAN & 5
= o [ F o e e [ [ [F
# OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS. OBSERVNS, OBSERVNS. -4
N N I\ N N N ) 20
19 1S ( [7

...... M N 18
33 | /8&’

z Caei™l IV Y \ y | O

0) (S N N N \J N 20

) N L L L ; /7

0 B N N N IS 10

0 N \ N \9
) ] 9, ) ! JD % N (A
N 2 s L L. L 638, ML s D o 15, £ 1|8
N M N N N L v | X

\ | L D N

Vv \ , N \B
= \ 1% A y y volY o)
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10 DAY SOLID PHASE TEST DATA

o] ANALYSTS
CLIENT PROJECT SPECIES TEST START DATE TEST START DATE _ |TEST END DATE
Anchor QEA Shelton Harbor Eohaustorius estuarius Port Gamble 28Jul17 07Aug17
JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH _ |PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995
w
TEST CONDITIONS D'O;g_'}g"‘) TE{'QZ‘; C) SAL%'?zmpt) PH “;'1 g i)
Control / 1'%l 32 [g] 190 |5 2% Y| 8.0 >0 Hedvrd
Control / ol2] 1] 3.4 11 S || a9 1] & .1 \
B Control / 0|3 39 14.5 29 / 5.l
Control / 0| 4 2.5 | 4. 29 / 2 .|
Control/ o33 N me Nofowag [Ulkp | W -
Control / TPl 5.5 | ¥ 4.1 ¥l 24 |%| %! v, H19 / (+
Control / 2|8l e | $.2 % 15.9 |& 79 <Yl 3. | \'{ FHDO
Control / 3lsurl Al B.o Al IS4G ( 20' A Bt A %{3(
Control / 4 |sur] B @ < V] M{ 3 B 29 © 8 | due 8/01
Control / S B 5.5 |9 pas 2™ 3 b 254 T Og_1-9 s sz
Control / sPE] $.%° [F] W ([<| 29 Tl %1 06 ?/3
Control / 7 |surl ¢ 6.1 ¥ '5% & ﬂ ¥ 9. [ Ub S’ILI
Control / 8 [Sur] ¥ < -0 ¥ [§,‘-\ Ny 2,6‘ Y| 3. ) B’II§
Control / sl ¢ | G| &l (6.0 & | 79 &l 82 [4‘( 8/(,
Control / 10 1 { ‘6"{{ g 4.4 < 7/61 {{ %.1 (% %1?
Control / 10| 2 % ,L( ' (5.0 74 9. |
Control / 10| 3 <6"‘( / [S\ Z %(
Control / 10| 4 56 Y / [5.\ ZCI 3.1
Control / 10f 5 | < (é N v \s .0 | & iﬁ < D . ﬂ L/ c—

O &, HeMd D Wiy Shask, W ‘6]')-‘ O Bufin Yemp ) 27 b BLL
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10 DAY SOLID PHASE TEST DATA

H®O]JANALYSTS
CLIENT PROJECT SPECIES TEST START DATE TEST START DATE TEST END DATE
Anchor QEA Shelton Harbor Eohaustorius estuarius Port Gamble 28Jult7 07Aug17
JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH |PROTOCOL

PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995
WATER QUALITY DATA
D-O. (mglL) TEMP (°C)
>5.1

TEST CONDITIONS 15+ 1 SAL%@DDG PH (%'1 gnitS)
SH-Ref-1 / o8] 84 3|49 DL 29 J 6.{ 4| 21533
SH-Ref-1/ 0] 2 3 .4 ([1Y.9 24 || 2. \ ‘
SH-Ref-1/ 0 s 8.4 Il w4 29 [ 5./ \
SH-Ref-1 / 04 3.2 /]l no 29 R
SH-Ref-1 / o|s N 24 |\ e N pdi ¢| 2.0 U
SH-Ref-1/ T3] T4 |3 H.2[® 79 Il % UH 7’/ ZQ/ (+
SH-Ref-1/ 2 [Surr Y %.3 S s.3 <l 19 i{ 3.2 H‘Z H 30
SH-Ref-1 / Sl &L ] W] 24 ] 6.2 Ju Hal
SH-Ref-1 / 4 |sur B B.s 18] 143 |8] 249 [8 8.2 Jo 8/o)
SH-Ref-1/ P 35 x| MA [ 29 3] 52 U /T
SH-Ref-1/ S A ¥ HL K| 29 1 ¥ .2 V6! 8./3
SH-Ref-1 / Y] %l (Y] 155 [5] a9 ¥ 3.5 W %/L{
SH-Ref-1/ 8 |surl | %.\ 3] 6.5 |3 | 29 Y 5 i) HS/
SH-Ref-1/ o] €. [ gl 16-6 4 29 918.7 K &/L
SH-Ref-1/ 7141 %> (%] (5.35]% 9 U €5 x7 !
SH-Ref-1/ 02,14 2 ($.7 29 1 8¢
SH-Ref-1/ 10| 3 8.7 (S| 2.9 8.4
SH-Ref-1/ 10| 4 4 A, 'S, 7 2.9 %.4
SH-Ref-1/ 10| s C‘Sl U19.2 Z°]‘ %."/ J v
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= 10 DAY SOLID PHASE TEST DATA
O] ANALYSTS

CLIENT PROJECT SPECIES TEST START DATE TEST START DATE TEST END DATE
Anchor QEA Sheilton Harbor Eohaustorius estuarius Port Gamble 28Jui17 07Aug17

JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH |PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995

W
TEST CONDITIONS D.O;gr:r;g/L) TE{\gi(;’C) SAleNsﬂ;Yz(ppt) pH (;;l'i gnits)
SAMPLE ID | R L meter D.cr)r;g/L meter TEM’:c meter SALIN:;I meter pHunit o -
CARR ol g 82 |5 19¥9 [g]laz [s] »-0 6 I s+
CARR / o2 2.4 19.5 V| 24 2 .| \ '
CARR / 03 34 4.6 A4 3.0 ¥
CARR / o] 4 3.5 (5.5 29 . |
CARR / ols|V| 94 K e N 3% |[¥Y] ¢.O0 N N,
CARR e ¥ S (Y2 s ] 24 %] 5.1 | e ¥H29/1+
CARR/ 2G9S Y 1¢] 729 |«|s. o H o
CARR / 3jswl 4] @\ | 5.3 al 21 Ql 6| Jdu Y3
CARR / alsul Bl B4 [B] 44 |6 19 |8 B.( Ju Bk/O(
CARR / sl x| 5[] B2 Xl gl F.0 U %]'L/
cARR fleny | SH IR WA (3] 29 3] 5. | w 3>
CARR/ et .2 3] 155 [k | 29 [y 5.0 W /Y
CARR sl ¥ s Y[ sd (3] A [s] 3.0 | /5
CARR / 9 (sug | @ .| “1 6Y || 29 X CZ.{ gl 8(6
CARR / 10/ 1|¢ ‘6'3 z 5.2 14 1 g <g,"z, 78 %[’/‘3‘
CARR/ 10| 2 « N[ Sl 29 | 4.2 T
CARR / 10| 3 4.2 S /"g \ 29 %\,’7/
CARR / 10 4 %.3 (5‘( } , 24 .1 h
CARR / 05[] 4.7 S\ [ 7g TO X 27 N vV
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HH]ANALYSTS

10 DAY SOLID PHASE TEST DATA

CLIENT

Anchor QEA

PROJECT

Shelton Harbor

SPECIES

Eohaustorius estuarius

TEST START DATE
Port Gamble

TEST START DATE
28Jul17

TEST END DATE
07Aug17

PROJECT MANAGER

LABORATORY

DILUTION WATER BATCH

JOB NUMBER PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995
WATER QUALITY DATA

7/28/2017 Shelton Eoh SP WQ

TEST CONDITIONS D-O;gﬂg/L) TE1I\g|1(1°C) SAleNg.T;Y?)Dt) pH (L_)/f'! gnits)
SAPLE 1D - D.0. TEMP SALINITY PH_ TECH. Date
meter, mg/L meter °c meter ppt meter unit
CARR / SH-Ref-1 / 0l11g |28 ¥ |48 Y14 % | <\ & :,L]szﬁf}
CARR / SH-Ref-1 / 0|2 2o |t | 84 29 g .| 1 ]
CARR / SH-Ref-1/ 0] 3 g.é-\ 9 A4 %0 I I
CARR / SH-Ref-1 / 04 x4 |l [n4.5 29 %! {
CARR / SH-Ref-1 / 0] s 2 & <+ 142 29 V) %\ N )
CARR/ SH-Ref-1/ tis g | .5 | §] 3 |1g] 29 2| 5.0 1) 2124
CARR / SH-Ref-1/ 219 1 9.2 lslis e %l 749 < g LA 2130
CARR/ SH-Ref-1 / Sl 3 [af (§4 Al 2 4] @.0 Jv :)/fi?l
CARR/ SH-Ref-1/ 4 |sunf @ 8. |8 \¢.C | 8 7,61 g %-l Jo @\o{
CARR/ SH-Ref-1/ 5 |sun] %,’5 ¥ 1572 X 79 S ¢.0 b ‘é/’l/
CARR/ SH-Ref-1/ sl | I3 (3] 43 [ 79 3 T b ‘5'/73
CARR/ SH-Ref-1 / %] %) Y] 8 F x| 29 7] %. 1 b 34
CARR/ SH-Ref-1/ 81l X B.0 |V | 5L 1% 79 Y| 5. b ‘S’IS/
CARR / SH-Ref-1 / oiswle [¢ .0 [% (L. 3 <l 79 <l 8 e s/(
CARR/SH-Ref-1/ 10119 |4 g gl st %] 24 94 83 % %3
CARR / SH-Ref-1 / 10| 2 7.7 (<. 79 <. [
CARR / SH-Ref-1 / 10/ 3 % . [S.] 29 83
| CARR/SH-Ref1/ <[] ¢~ (5.7 29 8.3
CARR / SH-Ref-1 / 10 5| J Y. Y] 5.2 & 29 o .1 N —
(© Bokn Yo V 1°c W= 8/ b
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10 DAY SOLID PHASE TEST DATA

7/28/2017 Shelton Eoh SP WQ

OO ANALYSTS

CLIENT PROJECT SPECIES TEST START DATE TEST START DATE TEST END DATE
Anchor QEA Shelton Harbor Eohaustorius estuarius Port Gamble 28Jul17 07Aug17

JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH [PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995

WATER QUALITY DATA

TEST CONDITIONS D.O.)gqglL) TE1I\gF;: (1°C) SALI.’?BH;:YZ(ppt) pH (;;I'i gnits)
SAMPLE ID oA R Meter D.(r)r;g/L meter TE“M‘:c meterSAUN:aT;I meter pHunit e o
SPI-22/ ol 1Bl %) 1BlWv s A% 18l 39 59 THeplrd
SPI-22/ 0|2 g0 |l v [ =2 SRS
SPI-22/ 03 2 U4 W3 A% 3
SPl-22/ 04 2> (WF 28 79 .
SPI-22 / 0| s W +A4 D R N 3B N N
sP-22/ e ] ¥ s WY [ 29 [ef 3. U #29
SPI-22/ 2|surf G [ B.D Slis € % | 14 18.1 H‘L /30
SPI-22/ sjswrl 4] B0 JAf (6 [ 29 [q] 8.0 Jo 3(31
SPI-22/ ajsrl B B 4 |8] 145 |8] 24 |8] 6.2 Jv B/o|
SPI-22 / 5lsul ¥ XD | X ‘5'\-\%\-‘.‘:’1‘@ 4 19 1 81 Ub %[2/
SPI-22 / 6 |sur| $.5 |g 4.3 | % 24 ¥ .3 Vo) %(73
SPI-22 / ey Bl %] 89S %] 29 x| %Y w ¥4
spi-22/ el | 50 8] 155 [x| 29 [%] 8.4 b 8/5
SPI-22 / olswr] G| .0 ¥ 16 21l z¢4 g18.5 K7 gfé
SPI-22 / 10119 €% |¢ 5.1 < 'ZC]' U4 %S b %/—’l
SPI-22/ 10 g .0 €3] 29 g3
SPI-22 / 10| 3 o o (S 29 <6
SPI-22 / 10] §.7 [$.2 729 Y
SPI-22 / wsfd4g | (S.2]L] 28 [L 9.5 o "
) Wy Swark, W 2L

/
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10 DAY SOLID PHASE TEST DATA

) ANALYSTS
CLIENT PROJECT SPECIES TEST START DATE TEST START DATE TEST END DATE
Anchor QEA Sheilton Harbor Eohaustorius estuarius Port Gamble 28Jul17 07Aug17
JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995
WATER QUALITY DATA
TEST CONDITIONS D'O;g‘:gl L) TE1~5"1(: o SAL%’EYZ(DM pH “;H S"“s’
SATLE D T D.0. TEMP SALINITY pH TECH. Date
meter mg/L meter °c meter ppt meter unit

o154 8199 3] 25 8] =1 | & Nl
SPI-30 / 0|2 2.5 45 % < 0 {“ |

SPI-30 / 0|3 2 | 4.0 'S +.9 \

SPI-30 / K 2.7 Y. b )% B \

SPI-30 / ol s N/ .2 .6 % BN F L
SPI-30 / ekl §.5 11 Mz ] 29 x| T V) 7’/15[
SPI-30/ 2 SurrCé 8,3 <[ 5.5 % Zol % 8 7 H{ 7/30
SPI-30/ 3srl 4] XA | 9] (S.3 al 29 1 8.( Jo 3)18[
SPI-30/ 4 |sur] @ B4 |6 \ 4—+ (7} 26 3 8.2 JL 6/0]
SPI-30/ sisl Kl %2 | Bl 15\ ¥ 2% Tl %) o ‘@!Z/
SPI-30 / s ¥ ¥ )] WFIZ] 29 (%] 8.2 .o} %3
SPI-30 / Y] TO IX] s 1Y 2% || 8.Y U 34
SPI-30 / 8 lsur| F| §.\ ¥l 155 X1 2% %] 85 Ub A~ ‘6’}5
SPI-30/ 9 sufg | 8 0 Yl i rYle | 28 %| 8.¢ f% @g% 8(é
SPI-30/ o gl $a [ w2 (€] e [R] 3.0 K= % [?
SPI-30/ 10] 2 %.% (5.2 79 A f

SPI-30/ 10| 3 o 5.2 22 %-¢

SPI-30/ 10| 4 g .7 1S3 29 1.4 J/
SPI-30/ Vel Ag%. 7 J4lsz [ 4 8 |+ 3@ & v

O tutn ob et e olb Y Tlegble B2 8
Ve
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10 DAY SOLID PHASE TEST DATA

7/28/2017 Shelton Eoh SP WQ

Gau o0 2@

A ANALYSTS

CLIENT PROJECT SPECIES TEST START DATE TEST START DATE TEST END DATE
Anchor QEA Shelton Harbor Eohaustorius estuarius Port Gamble 28Jul17 07Augi7

JOB NUMBER PROJECT MANAGER LABORATORY DILUTION WATER BATCH PROTOCOL
PG1019 Brian Hester Port Gamble / FSW072717.01 PSEP 1995

WATER QUALITY DATA
TEST CONDIIONS D.G_{mall] TENP (C) SAuzNg?ivz(ppt) PH (pH units]
SAMPLE ID RE meter D..?r;glL meter, TEM':C meter SALIN::;JYt meter pHunit e i
SPI-31/ ol 1B]l ®.2 1315 1851 28 5] %0 RO\ %64‘7//3%/3’
SPI-31/ 0|2 3 Y 9. X% 2.0 '
SPI-31/ 03 2 5 ) 25 %. |
SPI-31/ 04 % Y e [\ ] aB % | .
SPI-31/ o5y « p? +| 5.2 [ V] 27 N 14 ~ N
SPI-31/ 1]se] Y| %Y % B R Tl T Vo) ?[25[
SPI317/ 2l (-3 [9[5s |9 29 <] 2.2 H= 2/39
SPI-31/ 3lsel 4] 8¢ LS8 |a]l 21 | 4] 8.1 Ju ‘.}[71
SPI-31/ 4 |Surr 8 Q\S\ 6 (»4/(0 g 26 6 6 Z O~ 6/0{
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CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \?)Z O /70 0\01) FSW072617.02 PSEP 1995 28-1ul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
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CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \?)Z O /70 0\01) FSW072617.02 PSEP 1995 28-1ul-2017
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PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
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Ammonia and Sulfide Analysis Record

Page | of |

Al\c(tdr

Client/Project:

shelion  [karboc

Organism:

Neanile g

Test Duration (days):
e,

PRETEST / INITIAL / FINAL> / OTHER (circle one)

Q@) / Powm (circle one) / Comments:

DAY of TEST: 20

Calibration Standards Temperature

Sample temperature should be within +1°C of

5 = !I:)::te: Temngrét;,l:e,j O standards temperature at time and date of analysis.

/ Date of Ammonia Date of Sample Sample | Measured . Clalc—

ng p l? It[') or C(i;lc' Sampling and Value nglp Reading and | Preserved | pH Sai Volume Sulf. Mﬁltl_ uSatlel‘,cd
escription | orRep | "y iials (mg/L) Initials (Y/N) ®PPY | ") | (mgry | Pler (D)

6v ® sor Mg Bl 1aq @ q| @ 8z | N /I 1© 901 | 1° |\
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O] ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \37/0 / Oq 0 D FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
—_— — : —_WATER QUALITY DATA : :
ssssssss we | wer | omn — - D'f:g i — TEM':C — SA"I"::: — pHunit R:l,\IAET\AElﬁL Feeding TECH/DATE
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CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor %20 ; 0 400 FSW072617.02 PSEP 1995 28-1ul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
WATER QUALITY DATA
. erconboions ol pomorty ol TEMP(CY _J 'SALINITY (ppt) | . pH
L ey e DO — ‘ZPE::‘ —— LSEEI:I% - 8:0}&;1‘0 WATER - . - '
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CARR / 8 |surr X 15 | ¥ 1.4 | 3 29 YT _ U(b o) .0’//5)/
CARR / 9 |sur 4| 1.4 Y 9.3 4 124 Y 2. | Kz 8/l
CARR / 10 | surr % 1.6 < (9.1 «| 28 % j f’/—f% 8/7
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CARR / 18 | Surr Al AM Al 4.9 0\ 19 9 Z 1/6
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CARR / 20 [surr| b A4 }3 1 4.4 |4 14 4




] ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \320 , od4od FSW072617.02 PSEP 1995 28-3ul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
WATER QUALITY DATA
T PO(mg/L) [ TEMP(C) | SAUNTV(e® [ eA [
L e e E ~>D;6.6:,,~ T TEMP "S‘ALI‘N;"TY": : : 8'0;{1'0 : it WAfER i S
SSSSSSSS RO [ ater mg/L meter o¢ meter ppt meter unit RENEwWAL | Feeding TECH/DATE
CARR / SH-Ref-1 / 0 |surd} D 77 B !QI } 9 Bl 8- | JU | BG q—}ztb),:;_
CARR / SH-Ref-1 / s V%] 7.6 (%] 1.3 [ ;g ¥ 3. ) .y
CARR / SH-Ref-1 / 2 |surr < . id <, {Cl ﬁ %| 19 ) g 8. - b‘i [dg ?'/30
CARR / SH-Ref-1 / 3 |sur 9 .S |8 1.4 | @ 14 B B.( J\//’H’{, . de ;}/{ fq
CARR / SH-Ref-1 / 4 [sur 9 T |8 (4.1 8 1 6l @1\ s LG | @‘i/é]
CARR / SH-Ref-1 / s LK FS 1Y ds Iyl 24 5 3¢ 1 1 W gz
CARR / SH-Ref-1 / 6 |sur| || 1. | ¥ 4.6, |¥ 29 S - 2|/ W | 1 8/!'%
CARR / SH-Ref-1 / 7 |surr < 3 Y 3 “4.7 < 29 X S l ' - V%) 6’/?
CARR / SH-Ref-1 / 8 |surr ¥ 1.5 | ¥ 9.4 ¥ 29 ¥ .2 U | o 55
CARR / SH-Ref-1 / o lswr [ 141 1 y «l 199« 19 % 8.1 . - L’f%m%ﬁ/é /
CARR / SH-Ref-1 / 10 sur| | g | ]2 | a1 |q] 19 SR e [k g7+
CARR / SH-Ref-1 / 11 |surr X ffn,\ < M.\ 5 2.9 T %\ . ,1 - 'ub /3
CARR / SH-Ref-1 / 12 sur | |q ] 7. 6 ¢l 191 (%] 29 4 1.2 LT LB e $/9
CARR / SH-Ref-1 / 13 sur | || 3.y ¢ (9% |l 29 g 8. ‘ o p(( allo
CARR / SH-Ref-1 / 14 |surr Q +.5 C\ (4. \ q 2"0\ ('1 2 o s 3/ U
CARR / SH-Ref-1 / 15 | surr Al 2.4 (9 CHEE! 29 q 5. ) | W g/ﬂ/
CARR / SH-Ref-1 / 16 |surr 4 3.5 A \ﬁ"} q] g g q M 63
CARR / SH-Ref-1 / 17 | surr a| 3.9 ) (4. il ‘?/q A é.0 Ju 8¢
CARR / SH-Ref-1 / 18 sl | | 19 19 19 | 9 29 9] 8.1 e 8 lis-
CARR / SH-Ref-1 / 19 |surr 0\ EAY o A \ 9 sz\ C\ 3 \ b % /\ta
CARR / SH-Ref-1 / 20 |sur| ¥ | 4 .S | A 1198 | U 1A 1 %\ . | Ju @'i\q
(Hof ong de bl glb

08/21/15 Shelton 20d Neanthes Page 4



XEO]ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \3L0 7 946D FSW072617.02 PSEP 1995 28-1ul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
. TESTCONPITIONS | | Do(mg/ty | T!‘EI;I*'I;\’T(:E;){QUAL stg"-\lr“‘;“' (ppt) | = M.
. e e 5z 8'0;1'0 . . .
SSSSSSSS MR eter mg/L meter °c meter ppt meter unit RENEWAL | ceding TECH/DATE
SH-13A / o g| FF || 192 %] a1 AR I RYITRTE
SH-13A / tiserl VI FLOD 1.5 1% 729 Tl 5.0 - W 7,!2‘1
SH-13A / 2 |surr % 2.0 <l 10.0 &l 149 % 3 9 . Ne /30
SH-13A / 3 |surr g 1.5 |8 4.2 |#@ 14 Bl 6.0 ;d\’,/'% Lo H3,
SH-13A / 4 |surr % Py e LOL,S e 7/6 ® o | LA Jo & /0?
SH-13A / 5 |surr ¥ 1.5 |¥ 1.3t X 2% e %, O 1w <2
SH-13A / 6lsor 11¥] 15 X 198 |8] 29 |yv| §-0 | w/HE | us B/
Ty —— = _‘)’ L[ 5 a .1)» 3 7% 5/ Y > & ' ’ UQ) 5 / L/
SH-13A / slser 1% 2.5 1% 146 |8 25 ¥ .0 b S5
SH-13A / 9 |swr| | |5 | 7. g < [ 9.8 |« 9 |& 8.0 | e gl
s, wlel [1g[ 9 Jgl1a0 |28 |9 8.0 | i [tk 87
SH-13A / 11 |Surr T 3.5 |3 9.% |8 | X% ¥ $.0 - B U X/f
SH-13A / 2fsel | 19l 1.6 [9146-> (9128 8| 72 | WL Bt 84
SH-13A / i3(sr| | |€ | T %l (9.4 Xl 79 I 8( [ e 3ho
SH-13A / 14 |surr q ’,},5" Q V&, 2 9 24 q ) Ws! Wy 3_“(
s el o] 34 (4] @5 @] 294 [a] ¥.] ~ W
SH-13A / 16 |surr A1 1.4 A 194 |q] 19 11 Q. - (\(5 sk, 3'”3
SHi3A/ wlse 114 A5 (4] Wb 14 24 |9 8.0 I
SH-13A / 18 | surr 0\ QU\ q M_o G\ ’Lc\ q 8 ( B # 8{(3’
SH-13A / 19 | Surr q ’,[»5- q \q 7 q ,Lq q CO\’ () L Ub El)b
s [mfw] [[4] 45 [a] \tA [q] 29 Jq] 9 SN TE

08/21/15

Shelton 20d Neanthes
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H®O]ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \37/() / Oé\/bb FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
WATER QUALTTY DATA
- TEs'rCONDITIONS .  :> mg/L : ?E.::i?,n _J_‘ SA:%I;:EYI%‘)Q‘ k - ; 8'(;,:1.0 - |
SSSSSSSS av | Ree | sam : — pHunit R:’NAET;T‘L Feeding TECH/DATE
SH-19 / o |sridS1B| 3. F |X :01.2, gl [B|19 |0V v Hzwg
SH-19 / 1 sl \ % | F s ¥ 1> |§| 25 ¥ 1T *F*+ . 15} ‘f,L/Z_Q
s/ S TR S E NP E 1R TN - R [ e 730
SH-19 / 3 |sur 8 >3 |8 4 |8 13 & .8 J\,/% L Y3
1o/ sl (1ol A6 (6] 4 (6] 22 [6] ¥4 | | up| I B
SH-19 / s s [ [] M %] ws |yl 2% 18] F.%9 | I gl
sH-19 / sl= 1] 3L g M 513 27 |¥] 3! e |us] ve 53
sH-19 / e g 1L 3] 4.5 |8 28 |x| 81 [ | |ub 5/¥
swis/ ol [y 25 [5| WD |y 25 |y 51 | | b0 s)5
SH-19 / 9 [sur| || 1.9 QN la.¢ |G 2% %l & .4 e . &z g / fA
SH-19 / 10 | Surr & 1.1 K lﬁ .0 qu 19 S 8. { - ‘_K H’i 8 /,,+
SH-19/ 11 |Sur % ERY %_ lQK Y A% g 2.0 V.o K/é/
SH-19 / 12 |ser ||| 1.1 G (9.7 || 18 Yl 12 X | He 8.9
SH-19/ sl ([ 3u  [y[190 (Y[2a  [¥&r | | [ gho
19/ sl 1Al 95 81 @l (4] 20 |9 51 | | o b 8]l
Sh-19 / sl [1O] 3.4 (4] 45 (8] 24 [94] 79 | wy | oy glle
SH-19 / o |10 2 14 144 [1 79 9] & t |t | W B3
SH-19 / 17 |surr q Y. S 4] 4.4 |4 fLﬂ\ q @i ... 9 “ 4
SH-19 / 18 |surr| | [ ’}q al 19.3 14 79 q| 8.1 J\/i’%‘ ; W glis
T O VoW 0 o 1
SH-19 / 2of Ul 4] 3 & [4] 148 [4] 24 [1] @4 L dv 61y

08/21/15 Shelton 20d Neanthes Page 6



XOO]ANALYSTS

1

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor V320 / OA00 FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
WATER QUALITY DATA
 testconpmions | | T TP | sanmiven [ A
. e SR 1 S RS E ) e ;1;0 .
SSSSSSSS Sl e °c meter ppt meter anit RENEWAL | ceding TECH/DATE
SH-22 / o % 18% | ¥ %] 193 %] 29 ? B.( IV 0t
sH-22 e\ 3 15 (%] 4L gl 29 3] .1 | | |w 3R9
SH-22 / 2 |sur ¥l N\ <520 Xl 19 & 8.2 L t‘[{ %7-/39
SH-22 / 3 |surr 8 ¢ |1 & (48 |© 29 8 ©.2 ‘dL//"}:VL = INN ﬂ/fj(
SH-22 / 4 |Sur ® e oAY) % (4. & 19 18 & 8.1 | I l/,@ JL 6‘/01
SH-22 / 5 |Surr CS ‘;}.'L\ %, tq % %, 1% B/ %, 2/ = : : U(b f/Z/
SH-22 / 6 |surl | |g T4 (¥ 20.0|¢% 2% g ©.5 ' U | 3>
S22/ e Y5y 49 (3 a3 (3] 8L | [ 5/
sz el [ 13 3.5 (8] AT (8] 25 |3 v.5| [ Ub| 6 sfs
S22/ ol gl A | 149 | 28 |y 83 | Kg | | gl
SH-22 / 10 [surr Yl 1.5 Y (9. 3 %! 29 < 81 7@ Hé 9/7_
SH-22 / 11 |Sur g 2.2 (R \'01‘6’ X 2% ¥ T | | w F
SH-22 / zisel] 4] 25 gl (1914 28 (¥ 2.y | wlwd Ul & /9
w2 [wlell a3 9 (9199 [q 29 g 3. | | [k 6w
SH-22/ wlsed| 9] 3,35 (9044 (9] 29 (9] 2] || w5/l
SH-22 / sisel | R F L (9] 4. F (6] 29 |9 3.2 0o | | she
SH-22 / 16 |Ssur q 1.4 c] . cl 29 o} 3. e [\g ) @'113
Y, vl 423 4] 3 4] 2% 4] 6.\ ST
SH-22 / 18 |surr 0\ < 2 0‘\ \01 S/ 0\ 1‘3( ﬂ 8 7/ w l‘?{ 8(/3.‘
SH-22/ wisel 197 M 9] a5 9] 26 [w] ¥.) ~ )b
SH-22 / 0y [ X & |4 200 |4 29 |q] €L oL Yy
08/21/15 Sheiton 20d Neanthes Page 7



O] ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \ 37/‘0 / (') q OD FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
e e e, S SN G pH
. [esiconomions >b%-.6 = — ‘21(-)5‘:: —t siﬁl::I%Y DD ;l;l.ﬁ WATER o - ‘
SAMPLETD R — mg/L meter C meter ppt meter unit RENEWAL | feeding TECH/DATE
SH-28 / o *rel|% ] F . (%] 140 %] B 1] 39 [ YV e6 A
sn-28/ V¥ 0 3] 45 5] 29 % 94 | T 2hq
SH-28 / 2 |surr S{ '«}.O % lci < Qg 19 </ F 0! Ldi & 7?36
SH-28 / 3 |[surr ® q A( 8 . é 20\ 8 6'0 Jt//'ﬁ’?/ d\/ 2/3,
SH-28 / sl 1B 3 18] (4 [8] 28 (8] o [ TUH[J- &by
SH-28 / sl 18] 3L [yl 14s ¥ 2% [¥] 8.0 s s
SH-28 / 6 |Surr ¥ 1.5 | q.F % 29 3 %.0 oy | v 3/3
SH-28 / 7 |sur| 1§ 24 | 4.F |7 i3 I 2.0 . / A K/‘f
SH-25 / el 13 +S (%] A5 1% 24 (8 g0 b whgs
SH-28 / 9 Jswr| [l | 1 S % L a1 s 19 < ’ 7 é / é
SH-28 / 10 | surr g 7 ' { <‘\ [4 ‘( C6 28 % o ﬁ% cf{% 3/.7,
SH-28 / ulsel Y1 1.6 |8 Q.2 g5 2% & e A 5T
Sh-26 / 2wl 1191796 9 4.3 g1 11 |4 W |Hz 8/9
SH-28 / 13 |surr &l §.0 <l 9.4 < 'Zﬂ % e ¥lio
sh-28 / e | 1q] 3 (9] W2 [a] 29 [0 ol w81
SH-28 / 15 sur [ | O} A1 4.5 |9 29 4 W 87{7/
SH-28 / el | 14 F.¢ 4] 19 9] 19 |9 Mo | B Bz
SH-28 / el | 14 X4 14 e (4 4 |1 | Jdeelld
SH-28 / 18 |surr q EE 0\ la Yy 0] 14 C\ 1} 4 Dlis~
SH-28 / 19 [surr q 3.5 0( 14. 2 Q1 29 01 u,b <6_/ L
SH-28 / oo [ A XD 4] 124 4] 14 [4 Lo 8lin
08/21/15 Shelton 20d Neanthes Page 8



A& ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor 1220, 0400 FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
’ WATER QUALITY DATA
. TesTconprtIons 0 | | DO(mg/y) | @ TEMP(C) | SALINITY(ppt) | @ pH [
A TesTcoNpbmmions | L e 21?5:}-—— —— Zﬁ;ﬁﬁy — 1. - g,fwA;rER
samper meter ma/L meter °C meter ppt meter unit RENEWAL | co0ing|  TECH/DATE
sP1-22/ oDl Fh (%] M2 €1 29 x| *T |  [JVeu Hwld
SPI-22 / 1 |surr % (ﬂ 45 >t M . L{ % lal Y ‘ i W) 4 ’9.0(
SPI-22 / 2 |surr % F.0 <l 199 4| 29 Q [‘E & F/50
SPI-22 / 3 |surr 2l L |8 4% ? q/q é |l ou :}1(”
SPI-22 / 4 |sur &) T4 |8 A |8 -’z/é 8 B Ju 6/0)
SPI-22 / 5 |Sur %/ b q % \q.S' ¥ 75 K - oS %/ 2
sp1-22/ sl | 5] 7.0 |¥ 143 [§ 2% [¥ US| (b 3/ A
SPI-22 / el [ 1] LA 1F] ML ¥ % ¥ . | (b 4
SPI-22 / slser | | F.0 |3 MWL | % 2% < . U | W R1S
SPI-22 / o lsur| | |G| 3.0 [9]19 B < 78 8 | e
sp1-22 / ol [ 1§] 3.2 18] 19.218] 28 ¢ K | # 8%
SPI-22 / 11 |sur § T.0 |3 Q.4 g 2% I . mra g/
SPI-22 / 12 |sur % 1.\ <l & Y C( ’18 ﬁ{ %0 ,N(’( 8/?
SPI-22 / 13 |sur < |4 % < 19.7 |5| 29 ¥ T f% Efto
SPI-22 / 14 |sur a| .4 9 \U\L\ 9 29 1 Uo| b g\ |
SPI-22 / 15 | Sur q '} 2 q 9.5 L) 20] 0‘ L moxr \’l/
SPI-22 / 16 |surr ﬁ 3.4 4 (9.3 24 q tu ﬁ’t 3[{«3
SPI-22 / 17 |sur Q| 33 | 14.¢ 9 21 |9 A 6/ |4
SPI-22 / s | 1A 3.4 (4] 19.1 |9 24 9 LB Hl(/gh.\"
SPI-22 / 19 |surr q\ F.4 (4] 4. 49 29 a LS 6/// L
SPI-22 / 20(sur| |1 4| ¥ & al 1.6 19 249 q I @] 13
Une v, g4 ~
08/21/15 Shelton 20d Neanthes Page 9




X®O]ANALYSTS

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \}’Lﬁ / 00\00 FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
. e t 287 B.0£1.0 . -
SPI-30 / 0 |surlbly g’ 7 & Y .20 K‘ 2% Y 8 0O : _f:o\’ =) ?"Z%tﬁ’
SPI-30 / sl 1R 35S 1% 19D IR 29 ¥ 729 | W :)./;10]
2 14 Y0 Jo| 4.9 |%5] 24 %] 2.9 | W& | #=
SPI-30 / sfsur| | | B 2.4 |© 4L |9 11 |8 8.0 db/’ﬁg B
SPI-30 / a |surr 1) 2 [8] 143 |8 L% el 6.l o (/ﬁ Ju B/Z)(
SPI-30 / 5 |Sur ] IR K \4. % 2% X 301 T m s !7/
sP1-30 / ol | [#AFI %] AF (] 2F (%] §.2 [ugre | US| Ub 2
SPI-30 / 7 |surr I M X AF %l 2% T T f[,a?j.ﬁ;f;; 1 ' ff§ 1 ub B/Y
P .- < T4 % as g 2% X 5.3 . w7 " S’[‘)’
SPI-30 / 9 |surr % 1T % 9.9 & 29 & 2. | | HE Bl
sP1-30 ol [16] 96 |5 12T (3] 286 (8] 8.5 | |1 87
SPI-30 / usel | || FH €] WS |91 & [ 2 | | | 8)5
SPI-30 / 12 |sur| | |G| .4 Sl lay €| 72« &1 Yy [ LB ¥ 809
SPI-30 / 13 |Surr g q"’( < lﬁ3 S 29 Yl 8.7 Re 8ho
sP1-30/ alsl 1035 10714 (4] 29 (o] .21 | 45/ Uk 3]
SPI-30 / 15 |Surr C\ F.L 0 a.s | 9 29 q 7.7 | Ul‘? = W 8’/ >,
SP1-30 16 [sur T4 4 (A4l 29 9 8. | e 9
SPI-30 / 17 |surr ﬁ% 3.3 14 (1L |9 %4 1 8.0 | 1 | Jee [)4,
SPI-30 / 18 sur| | |G .7 9 (4.4 |9 29 9181 \ g‘f
SPI-30 / 19 [Surr q ?’,L{ q !q 6 q Zq q % O % 87}6
SPI-30 / 2o U4l 7L (1 144 4] 14 (4] 8. o0 9y
w5, Dieav Bl ‘
08/21/15 Shelton 20d Neanthes Page 10



XOOJANALYSTS

08/21/15

Shelton 20d Neanthes

CLIENT PROJECT START TIME/ END TIME DILUTION WATER BATCH PROTOCOL TEST START DATE
Anchor QEA Shelton Harbor \3“ / Oé\bb FSW072617.02 PSEP 1995 28-Jul-2017
JOB NUMBER PROJECT MANAGER LABORATORY / LOCATION ORGANISM BATCH TEST SPECIES TEST END DATE
PG1019 Brian Hester Port Gamble / Bath 8 ATS072817 Neanthes arenaceodentata 17-Aug-2017
WATER QUALITY DATA
L : TEST CONDITIONS - 0 0 T Ts::ic) SA::;I%YI é::pt) = ‘8", (;,:10___ T |
R eter mg/L meter ¢ eter PPt meter PHunit R:NAE.I\-AEI':L Feeding TECH/DATE
SP1-31 / o |surl72{G | 5 g 182 (%] 2% |¥| F4 e e Hewlm
SPI-31 / sl J 1] 0.F [S] 146 [g] 29 I +.7 . I =2
SPI-31 / 2 |sur ) G . A %! 70.( Q 76, Qé 7.9 : L& éb 7’/3’5
SPI-31 / 3 |surr % 3.0 2 \0\. ? 8 /LO\ 8 q/q J l//'H’i b du Mgl
SPI-31 / 4 |sur 8 2.2 |8 (4. 4' g 26 |6 6.2 l b Jv 8/(;!
SPI31 / 5 lsorr 8, (a ‘ q %, !q% % Z% (g/ 3 ( = . % 5’22/
SPI-31 / sler | 3] 30 %] 2001%] 2% |¥] TN | urE | US| B §/3
p—— —— o ¥ a5 |3 7% v ANE : T 6’” } L}I
SPI-31/ 8 |Sur ¥ 1.0 s \Q'—P ¥ 2%/ ¥ %2 | Ub U g/é/
SPI-31 / 9 |sur € 6.8 46 (1.4 |&| 78 < 8| 57 | | #4 ?g/é
SP1-31 / wlser] J gl 0 19193 |9 28 |¥] 8. | 00 |k N2 g/
SPI-31 / 11 | sur % b q ¥ 4.5 |3 2% % T 0 ' | ub 5//6’_
SPI-31 / 12 |surr Q{ 9.1 ~ [ 4.5 7% % 7). 8 A '}{5, %!Dq
SPI-31 / 13 | sur ¢|3.0 % 19.Y 1%l 24 <l %.0 - | & 2,
SPI-31 / 14 |surr a L.y 41 a4y |9 ld\ Al .0 N W s
sPr-31/ sl ) 1O GO (4] A1 29 |9 9] uws | | (gl
SPI-31 / 16 |surr 0\ 3. L‘ q la](g 0) 2(1 0‘ g [ ,-;,:   ﬂj— H& '5’//3
SPI-31 / 17 |Surr a4 ?3 A 1a.5 | A 71 19 B.{ ... 8/ %
SPI1-31/ islsr] | [ A [q] 194 [A] 79 9 4.1 d‘/'_/’-ﬂ? U6 | W 8lis
SPI-31 / 19 [surr 0\ ’%5’ q 9.0 O\ qu i ?\ Uﬂ) CO//“"
SPI-31 / 20 |surr| A .4 [ 9.6 (4] 29 q $8.{ _ 9](3
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Ammonia and Sulfide Analysis Record Page _.(_Of_&
Client/Project: i Organism: Test Duration (days):
BrnOnor / Shahn fwbour Neumbn's Pronsitch. 20 - day
/ INITIAL / FINAL / OTHER (circle one) DAY of TEST: U
0 ING (OV) / POREWATER (PW) (circle one) / Comments:
Calibration Standards Temperature Sample temperature should be within +1°C of
Temperature Sompe empear shouldve witin S0l
7(\1‘"6\‘\"\/ a9 tandards temperature at t d date of analy
: Date of Ammonia Date of Sampl Sample | Measured ) Calc-
ngple? Itl.) or C(Ec' Sampling and Value Tircnp Reading and Presefved pH Sai Volume Sulf. M;l.m- uslatl;d
esc'“p lon | orRep |\ "ol (mg/L) Initials (Y/N) ®PY | mry | (merm) | P (merl)
N ® (S [HEIr W | 0.00 [14q | 38]13 W] N [ 31] 284 [ Owml]| (O NG [ NA
S -Tak - 0.39% < 1] 79 L3S
Clyy 0.54 ja| 1% ~LLolH
Cone/SH-E- | 0.544 s\ | 29 0bL
SK -1k 0. 420 1] 29 . Q0B
SR-19 I 0. 35% 1 2% 021
M-1L - 59 £ 179 | | |, o049
Sk - 2% 0.2\F 39| 2% .0 13
Pl -22 0.6b29 | 1¥4] 29 L0y
501~ %0 s | 130] 2% L03S
i PN IR U 0,265 | 3 U 13a] 2% \VINGIE R
Iw @ Svw [FahF )L o NE [ 3[25)\7 N @ | @ | ImL | 0.001 | JO |0O6]
Sh Rl -] | ©) \ k 1] 0.0® | J [o1%0
Cone / o U R 0005 || pos
Qe [ 51 - | [ Hyu | K4 14| 26 0.0\13 0.130
SR-BA 2,04 35 2% 0.9%b 0.0l
Sh-14 2.25 331 2] 0. 00F 0-0%
SW - 12 12.9 231 20 0.0{4& 0.140
Sy - 1§ | 69 X4 28 0.009 0.09
© SPr=35n1l H49 12| 76 0.353 3,853
YL 3n-20 | | \ ST V[ 1 T2 TF[ Y | omb[ T [T
Oig, st (2) Wnsolfikenk volomt bur anadeois, U H2&




Ammonia and Sulfide Analysis Record Page_Cof &
Client/Project: , Organism: Test Duration (days):
Ao | el Uavhor NewMeS  avenhaceoduyrtuin Lo
PRETEST / {NITIAL--/ F &Z OTHER (circle one) DAY of TEST: O
OVERLYING (O / EWATER (PW) (circle one) / Comments:

Calibration Standards Temperature Samole tute should be within +1°C of

: R o ample temperature should be within +1°C o

Date: ?/(28 ZH Temperature: | 6( 4°C standards temperature at time and date of analysis.

" Date of Ammonia Date of Sample | Measured Cale-
Sample ID or | Conc. c0 Temp 0 Sample Sal amp ) Multi- | ulated
Description | or Re Sampling and Value oC Reading and | Preserved | pH (ppt) Volume Sulf. lier Sulf

P Pl Initials (mg/L) Initials (Y/N) pp (mL) | (mg/L) | P (/L)
SN-BH) [Sur FPs/p IL| 7.0 | 8o | FHp]F N3 23 | Twme ] 0010 (C | 0.1v0




Ammonia and Sulfide Analysis Record

Page | of |

Al\c(tdr

Client/Project:

shelion  [karboc

Organism:

Neanile g

Test Duration (days):
e,

PRETEST / INITIAL / FINAL> / OTHER (circle one)

Q@) / Powm (circle one) / Comments:

DAY of TEST: 20

Calibration Standards Temperature

Sample temperature should be within +1°C of

5 = !I:)::te: Temngrét;,l:e,j O standards temperature at time and date of analysis.

/ Date of Ammonia Date of Sample Sample | Measured . Clalc—

ng p l? It[') or C(i;lc' Sampling and Value nglp Reading and | Preserved | pH Sai Volume Sulf. Mﬁltl_ uSatlel‘,cd
escription | orRep | "y iials (mg/L) Initials (Y/N) ®PPY | ") | (mgry | Pler (D)

6v ® sor Mg Bl 1aq @ q| @ 8z | N /I 1© 901 | 1° |\

G- b ] ' 0.00 ' / 0.006 \
CARR 0.103 / 6.0l \

Car| i leF ! 0.0p61 / 0.0 \

Sh-13A / 0.00 / 9.0l4 \

S -9 / 0.90 ) / 0.01% |
S\F 71T | 0. 00 / 0.006 |
2W-17 0.00 / 0 00" |

W_Ser -17 0.431 / 0.017- \
$PT-30 , | 1471 / 0.010 / \
aSfr3y [ VT ] 0.061 L < 1/ s/ lp.oo | N
NS pT B! Sur | B A1l [ 0.94€ [20.%9 | B Slzle N 2 | 19 S 10663 | 2 |03
™ 1.39 | 1.2] =23 o [0.o43% | I\

S - (LF- | .o\ 723 | 1%+ | 10 |o.1y \ \
cpea 1,2\ 69|17 0 10.03%F] \

¢ P Rplsh- ] oY 69 | 16 0 1o.o51 | 1 \
SH-14A 0.73% 13129 | 10 |0.040 | N

Sk -19 0.566 3. 19 & 0.05T 2 O-[o4

PETRCES |. 94 ?‘1 'L‘] < O.oly % C.e52

st -1% 0566 1Y | 9 S 003> | 7 10.066 |

4p3 -1 ) 205 | / \ 3.3 [ 13 < 00241 2 10.16%

3pT -30 | 4 286 vV O [F18 S lo.oay 1 [0.(gr








































3. Mytilus galloprovincialis Bivalve Larval Test

EcoAnalysts Report #081417.01



| He@J ANALYSTS

CLIENT PROJECT

Shelton Harbor

JOB NUMBER

PG1019

Anchor QEA

PROJECT MANAGER LABORATORY PROTOCOL

Brian Hester Port Gambie Bath 6 PSEP (1995)

TEST ORGANISM SPAWNING DATA

SPECIES

Mytilus galloprovincialis

SAMPLE STORAGE

4 Degrees Celsius - dark

SUPPLIER . ORGANISM BATCH SEDIMENT TREATMENT

Talov Shellfsh 152844 none
SPAWNING METHOD INITIAL SPAWNING TIME FINAL SPAWNING TIME TEST CHAMBERS
Hewt SwoCle (130 | 430 1 L Mason Jars
MALES FEMALES SPERM VIABILITY EGG CONDITION EXPOSURE VOLUME

4’ /L v 4 900mL seawater / 18g Sediment
BEGIN FERTILIZATION END FERTILIZATION CONDITION OF EMBRYOS TIME OF SHAKE

4% | 1752 | >/ dwv 1445

SPECIAL CONDITIONS

TIME OF INITIATION

J#5 R

UV LIGHT EXPOSURE (YES/NO)

AERATION FROM TEST INITIATION (YES/NO)

Mo

Mo

SCREEN TUBE TEST (YES/NO)

_ OTHER (EXPLAIN) A

Mo

qsvééﬁ&;a'm @ end ofdett

EMBRYO DENSITY CALCULATIONS
6OY(CU pt 6000 er“l?/70 /ml/

&/‘),{z\' :
T 9g,00

Cf Tox

Togel 2900 545

e tinl 6000 =48 6000
delw Y.5ml of OMS x wf)“bf.k
€6 ock o 1Bl e;é,‘;—l:(//
@4(,[/\ /C'/l"fd’C ;j[ﬁl/ L
- 0.1 00
A
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A ANALYSTS

SPECIES

Mytilus galloprovincialis

CLIENT
Anchor QEA

—
PROJECT

Shelton Harbor

JOB NUMBER

PG1019

PROJECT MANAGER
Brian Hester

LAB / LOCATION

Port Gam

PROTOCOL
PSEP (1995)

ble / Bath 6

LARVAL OBSERVATION DATA

NUMBER

YTy v yore
NUMBER

—

05/14/15

Sheiton Bivalve Larval

]

— A | owme Jrecmmacim
o1 181 9B | L8
2 10 {
STOCKING DENSITY 3 /)/601 \
: 1t ||
4 EARE
1 26k % Bluln| Me
2| 263 \$
Control / 3 23b (1
4 28V \ 2>
51 91 (0 ~ N
Loy | s Bfsh i
2| 231% g /
SH-Ref-1/ 3 72232 |72
‘| 233 | 3 QS (R[5
5| 222 4 v
1 72724 % ub
2| 1285 7F
CARR/SH-Ref-1 / 3 ZZ% 25" QA‘Q—% C{ZQ]
+] 7230 | 4% ||
s | 704 34 | |
VA 3
2| 257 ¥
CARR / 31 7240 T
Y1215 +
5| 23% 1 v

Page 1



O] ANALYSTS

sssssss
Mytilus galloprovincialis

CLIENT PROJECT JOB NUMBER PROJECT MANAGER LAB / LOCATION PROTOCOL
Anchor QEA Sheiton Harbor PG1019 Brian Hester Port Gamble / Bath 6 PSEP (1995)

LARVAL OBSERVATION DATA

wssm———
NNNNNNNNNNNN

XXXXXXXX
/10 ] REPORMAL

ECHNICXAN|  COMMENTS

8/ 17| W

! YAl 9
2| 20% G |
CR-022 / 3 ZZS 3 f
4 72z | 1
5|1 12 ! G 87 (gl

1 2% I3 %,/‘1!1.'?

SH-04 / 3 2(01_{. )
213 3
5 | 734 s
Y1233 '3
2| 230 13, 2
SH-14 / 3 2,21 Y x?
*| 273 q X
2)

5 ZL{§ lz_. i
floaws O] yz © Yol
2| 149 24 Q' B, oA
SH-19/ 31 113 29

s | 145 E }
5 (3 15 .
t 20F | 2 “an?E o g7
2 27 5
SH-21/ 3 ZZS 5
‘1 743 3
5 20% 5 i

Ofecomdsd 18 prmwl , 32 gl o
3 Ot n(m{,Lt\' presnt, shoord not affect fovae, vp s/IL

05/14/15 Shelton Bivalve Larval Page 2



NG ANALYSTS

SPECIES

Mytilus galloprovincialis

_LA_R_\LAL OBSERVAEON DATA
ol A [T s B VYT
2] 190 3 \
SH-22 / 3 743 S } QA_ZL{%@ 7
‘1 203 2
1 190 S
] 73| 1O
2| 72% q
SH-24 / 3 ZO% L‘
“ 236 G
5| 217 3 Y
1Y 19 DSy
2| gy 10 L
SPI1-22/ 3 l'} g | L
+ 194 15
1 bl
1] 7180
spi- 31 2 1350
s Y

‘| 2%

Al

P -30

)L

P 0 [ S

2| 20

3| 129

w‘-—.

I

OF 2 R 8

* | 7IM

9

&

L

() Suapped Quns Re SB-30 & 31 - Jwwoorpbue onor, Wb 31§

05/14/15

Shelton Bivalve Larval

Ql7

Page 3



[ XelO]JANALYSTS

CLIENT PROJECY SPECIES LAB / LOCATION PROTQCOL
Anchor QEA Sheiton Harbor Mytilus galloprovincialis Port Gamble / Bath 6 |PSEP (1995)
JOB NUMBER PROJECT MANAGER TESY START DATE TIME TEST END DATE TIME
PG1019 Brian Hester 01Aug17 (SL 03Aug17 700
e
* Day 384 observations needed only if development endpoint not met by day 2 WATER QUALITY DATA
TEST DO (mg/L) Temp (°C) Sal (ppt) pH Ammonia Sulfide
CONDITIONS >5.0 161 28+ 1 7-9 NA NA E E
D.O. TEMP, SALINITY pH AMMONIA SULFIDE “p—‘ g
SAMPLE ID DAY Random # REP

mg/L maeter, °c ppt

8114 | D teo| 9| 26
Control / 1 WQ Surr ‘( ':}-?_ 8 ]LZ % 2%
3 o ca

3

Yechn.[mg/L (total¥ Techn. myg/L (Total

Control / 0 \% WQ Surr

D[R | o5)2

Control / 2 WQ Surr, ’

FefD 159 |6 | 24
Control / 3 WQ Surr]
Control / 4 N WQ Surr

O sHRef1/ 0|7 [wesurd B (14 |6 | |vo |8 19
/ SH-Ref-1 / 1) |wqsur %15 .5 5| &
SH-Ref-1/ 2 WQ Surr, 6 055 Q) W.'S 8 4

SH-Ref-1 / 3 WQ Surr|

SH-Ref-1 / 4| Vv WQ Surr

6? CARR/SH-Ref-1/ | 0 | {5 |wqsur| § 0.9 g Vel

=
S
=

1.9

CARR/SH-Ref-1/ | 1 1 wQsurrf & |( | %140 g 2% Ix 2. H

s N W s 8 1N Y Y P Y N P Y
CARR/SH-Ref-1/ | 3 WQ Surr

'CARR/SH-Ref-1/ | 4 Y lwq surr

(@ =}

() CARR / 0 | 29 |wasurr 9 7 .S 9129 8 1.9 A 0,00 w,i):)m‘{ W B
CARR / 1 wQ surr] ¢ L2213 116.0%| 2% s |
CARR / 2 WQ Surr % 5:% % .5 ¢ Z‘% 9

CARR / 3 WQ Surr

CARR / 4 | N |wQsurr
C) CR-022 / 043 WQSurrg .Y é ’\\QS 8 28 8 % 0.00 \I('-)O.lS‘aNMIL 6/(
s 2] ) wesel s 5 %[ T6.0] %] 2% 3] 3% [ |

CR-022 / 2 wQsurl 8 1S |, % .S 9 19 b 714 W 0.00 [Ji |0.03 M 3/3

\/ CR-022/ 3 WQ Surr

CR-022 / 4 N |wQ surr

0, ?vw?‘p*““ Ottored it Swmply blank in  references . o =
O e w0 gt (3 ke wa sbabilived. my 8s.
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OO ANALYSTS

[CLYENT PROJECT SPECIES LAB / LOCATION PROTOCOL
Anchor QEA Shelton Harbor Mytilus galloprovincialis Port Gamble / Bath 6 |PSEP (1995)
JOB NUMBER PROJECT MANAGER TEST STARY DATE TIME TEST END DATE TIME
PG1019 Brian Hester 01Aug17 Y2 03Aug17 13D0
< Duy 384 cbrervations moded onty 1 devetopment endpaios wot o o ooy 2 WATER QUALITY DATA -
TEST DO {mg/L) Temp (°C) Sal (ppt) pH Ammonia Sulfide
CONDITIONS >5.0 16+ 1 28+1 7-9 NA NA 5 'lli
D.O. TEMP, SALINITY pH AMMONIA SULFIDE ll‘-" g
SAMPLE 1D DAY Random # REP
meter mg/L meter, °c maeter ppt meter| unit Techn.img/L (total) Techn.mg/L (Total
-04 wQ's ® [
SH-04 / 0 |30 |wasur| B 1.2 (8 1,018 28 (8] 7w M 0.00 V) [wy 8
SH-04 / 1 wQsurl & |y 4 | < (RS 2% 15| 7 T I |Bi%|z
soar 2] | |weserld |55 (8 1y [3]29 [2]70 hwdo.coln o0k el8]s
SH-04 / 3 WQ Surr|
SH-04 / 4 \ ¥ WQ Surr

SH-14 / o| | |wqsur® \(% 8wl |9 1% @ 17 | W o.00 %&%5& 8{1
SH-14 / 1 WQ Surr % 5&5 % T

SH-14/ 2 wesurd & 15,0 [0 [1b.7 18 2 (877 N/()DU b 0.02¢ [ 813

SH-14/ 3 WQ Surr]

SH-14/ 4 | L |wQSur
SH-19/ 0 ‘6 wa surr| § 1.0 8 1b-0
5.HY16.0

SH-19/ 1 WQ Surr

S\If-e

SH-19 B
/ 2 WQ Surr| 7*@_50 6 W?/
b
SH-19/ 3 WQ Surr
SH-19 / 4 | 4 |wqsur

s Jol4d e |62 |Blicq |8 |26 (9|78 |Mo.0o [PD M4 8
SH-21/ 1 wQ surr ¢ 5'C\ 3 “0\ ¥ 125 1% "}Qd
SH-21/ 2 WQ Surr 6(‘733\{.‘}5 .2 |8 |28 g 11 M)(,O-(D)\/ 0-0Zp|M 6/@

SH-21/ 3 WQ Surr

SH-21/ 4 | Y |wosur

SH-22/ 0 | Yo (wasurr 8 S 8 0
SH-22 / 1 WQ Surr % b ‘q— % W,O
SH-22 / 2 wosurl § 16 6 . (

SH-22/ 3 WQ Surr]

9

A
28

?1?’ '
2 Wy 0% B fo.or| wy 83

RN | oC
(S ST PoV [

SH-22/ 4 | % |wosur

Ono, W)\ @M, 0.054, Uss/\ B) preci pitaht provedt in blandk, Ub 5/ |
Hwe-my g 3.
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X ANALYSTS

[CLTIENT PROJECT SPECIES LAB / LOCATION PROTOCOL
Anchor QEA Shelton Harbor Mytilus galloprovincialis Port Gamble / Bath 6 |PSEP (1995)
JOB NUMBER PROJECT MANAGER TEST START DATE TIME TEST END DATE TIME
PG1019 Brian Hester 01Augl7 | ?;L 03Aug17 1900
* Day 3&4 obsarvations needed only if developmant endpoint not met by day 2 WATER QUALITY DAT‘A
TEST DO (mg/L) Temp (°C) Sal {ppt) pH Ammonia Suifide
CONDITIONS >5.0 16+ 1 28+ 1 7-9 NA NA E E
D.O. TEMP, SALINITY pH AMMONIA SULFIDE E g
SAMPLE ID DAy Random # REP meter mg/L meter, °c meter| ppt meter nit Techn.fmg/L (total}¥ Techn. m?./L (Total
SH-24 / 0 |92 |wasurl § Wl 4 5.9 6|29
SH-24 / 1 WQ Surr Y 6 O 3’ “7‘1_ 3, 2‘6
SH-24 / 2 wQ surr| @ 54 |6 1.3 B |26
SH-24 / 3 WQ Surr
SH-24 / 4 ~ |wq surr
SPI-22 / 0 |l [wasurl 8 |\ 4, % v | 8 20 & 77 | | 0.0ux K
SPI-22 / 1 WQ Surr (a . ( {
$ 2% lb
SPI-22 / 2 wQ surr| § ~§<&/ i1y
SPI-22 / 3 WQ Surr
SPI-22 / 4 | ¥ |wgsur
SPI-30 / 0|7 |wqsur @ .F‘i{"_: ¢ S
SPI-30 / 1 wesurl v | 5.0|% L3 i
SPI-30 / 2 wasurl§ 1yt | 9| 1-S| 6|29 |4 2.6 | 00 [g ODW«'M}(/ @/6
SPI-30/ 3 WQ Surr
SPI-30 / 4 | N WQ Surr|
SPI-31 / 0 |25 |wosur|B |, |8 ws (8|28 [8]8 t |0.00 | (14 & ‘8/(
SPI-31/ 1 WQ Surr % (8 % S41(s 7% b ?/)_
SPI-31 / 2 wosurl § |5 0 é .2 | 8|26 M 83
SPI-31/ 3 WQ Surr
SPI-31/ 4 ~ lwq surr
O we. me @,\ ,
&N, w8 |
@Pn(jp\'m& Prtsm-l- in blad, Ub ,8/]
@ re-muswed DO @ 40 , 6.0 "‘3“’ ; U 8//!
Bwe. Muktr W stabilivd, fobal =30 aw 9[3.
05/14/15 Shelton Bivalve Larval

Page 3








































APPENDIX B. STATISTICAL COMPARISONS

EcoAnalysts Report #081417.01




Statistical Results: Eohaustorius estuarius Test

EcoAnalysts Report #081417.01



Constant

Experiment Date

Value
7/28/2017

Experiment ID

Anchor Shelton Harbor

Notebook ID

Project

Eohaustroius estuarius

Experimenter

Protocol

Survival




Group A Group B Group C Group D Group E Group F
Control SH-Ref-1 CARR CARR / SH-Ref-1 SPI-22 SPI-30
4 Y Y Y Y Y Y
1 100 90 100 100 100 100
2 95 95 95 100 85 85
3 100 90 90 100 90 100
4 100 100 100 100 90 75
5 100 100 95 95 90 95




Group G

SPI-31
P Y
| 4

1 90
2 85
3 95
4 90
5

100




A B c D E F
Transform Control SH-Ref-1 CARR CARR / SH-Ref-1 SPI-22 SPI-30
P Y Y Y Y Y Y
1 1571 1.049 1571 1571 1571 1571
2 1.345 1.345 1.345 1571 1173 1173
3 1571 1.049 1.049 1571 1.049 1571
4 1571 1571 1571 1571 1.049 1.047
5 1571 1571 1.345 1.345 1.049 1.345




SPI-31

P Y

A
1 1.249
2 1.173
3 1.345
4 1.249
5

1.571




1way ANOVA

ANOVA

A
1 Table Analyzed Transform of Data 1
2 Data sets analyzed A : Control
3
4 ANOVA summary
5 F 1.781
6 P value 0.1394
7 P value summary ns
8 Significant diff. among means (P < 0.05)? No
9 R square 0.2762
10
11 Brown-Forsythe test
12 F (DFn, DFd) 0.9168 (6, 28)
13 P value 0.4976
14 P value summary ns
15 Are SDs significantly different (P < 0.05)? No
16
17 Bartlett's test
18 Bartlett's statistic (corrected) 3.792
19 P value 0.7048
20 P value summary ns
21 Are SDs significantly different (P < 0.05)? No
22
23 ANOVA table SS
24 Treatment (between columns) 0.262
25 Residual (within columns) 0.6865
26 Total 0.9486
27
28 Data summary
29 Number of treatments (columns) 7
30 Number of values (total) 35




A

B : SH-Ref-1

C:CARR

D : CARR / SH-Ref-1

O o N & O B[ W N =

-
o

-—
-_—

-
N

-
w

-—
S

-
(3]

-
o

—
~

-
(=]

-
©

N
o

N
-

N
N

N
w

DF

MS

F (DFn, DFd)

N
A

0.04367

F (6, 28) =1.781

N
(3}

28

0.02452

N
(=]

34

N
~

N
(=<}

N
©

w
o




A

E : SPI-22

O o N & O B[ W N =

-
o

-—
-_—

-
N

-
w

-—
S

-
(3]

-
o

—
~

-
(=]

-
©

N
o

N
-

N
N

N
w

P value

N
A

P=0.1394

N
(3}

N
(=]

N
~

N
(=<}

N
©

w
o




1way ANOVA
Multiple comparisons

s

[ 1 [Number of families 1
2 |Number of comparisons per family 3
3 |Alpha 0.05
4
5 |Holm-Sidak's multiple comparisons test |Mean Diff. Significant? Summary Adjusted P Value
6
7 | SH-Ref-1vs. SPI-22 0.09879 No ns 0.5472
8 | CARR/SH-Ref-1vs. SPI-30 0.1843 No ns 0.2043
9 | CARRvs. SPI-31 0.09879 No ns 0.5472
10
11
12 |Test details Mean 1 Mean 2 Mean Diff. SE of diff.
13
14 | SH-Ref-1 vs. SPI-22 1.397 1.298 0.09879 0.09903
15 | CARR/ SH-Ref-1 vs. SPI-30 1.526 1.341 0.1843 0.09903
16 | CARR vs. SPI-31 1.416 1.317 0.09879 0.09903




h

= - |
2| 3| ©f o N o o B wf B =

B-E

D-F

C-G
12 (n1 n2 t DF
13
14 0.9975 28
15 1.861 28
16 0.9975 28




1way ANOVA

Descriptive Statistics Control SH-Ref-1 CARR CARR / SH-Ref-1 SPI-22

— “/I

1 [Number of values |5 5 5 5 5

2

3 [Minimum 1.345 1.249 1.249 1.345 1.173

4 |25% Percentile 1.458 1.249 1.297 1.458 1.211

5 |Median 1.571 1.345 1.345 1.571 1.249

6 |75% Percentile 1.571 1.571 1.571 1.571 1.41

7 |Maximum 1.571 1.571 1.571 1.571 1.571

8

9 |Mean 1.526 1.397 1.416 1.526 1.298

10 [Std. Deviation 0.1009 0.1635 0.1465 0.1009 0.1559

11 |Std. Error of Mean|0.0451 0.0731 0.0655 0.0451 0.06972

12

13 |Lower 95% CI 14 1.194 1.234 14 1.105

14 |Upper 95% CI 1.651 1.6 1.598 1.651 1.492




SPI-30 SPI-31

I ‘HII

1 15 5

2

3 |1.047 1.173

4 11.11 1.211

5 |1.345 1.249

6 [1.571 1.458

7 11.571 1.571

8

9 |1.341 1.317

10 (0.2346 0.1542

11 |0.1049 0.06898

12

13 |1.05 1.126

14 (1.633 1.509




1501

-

o

o
1

Mean Survival (%)
3

E. estuarius Mean Survival

B < N 0\ Q N
N & N N N
QS.@ (’v QS'Q "oq %Q 9
) \co
&
&

Sample ID



Transform of Data 1

1.8-
161 @@ o0 00 @@ o o0 o
1.4-
e o oo o o
oo o o00 o0
1.2' Y )
1.0-
0-8 L] L] L] L] L] L]
& T N
€ & N N
& Q\Q‘ & K K& K
9 q,‘z‘
&
Q~



Statistical Results: Neanthes arenaceodentata Test

EcoAnalysts Report #081417.01



Constant

Experiment Date

Value
7/28/2017

Experiment ID

Anchor Shelton Harbor

Notebook ID

Project

Neanthes arenaceodentata

Experimenter

Protocol

Survival




Group A Group B Group C Group D Group E Group F
Control SH-Ref-1 CARR CARR / SH-Ref-1 SH-13A SH-19
4 Y Y Y Y Y Y
1 100 100 100 100 100 100
2 100 100 100 80 100 100
3 100 100 100 100 100 100
4 100 100 100 100 100 100
5 100 100 100 100 100 100




Group G Group H Group | Group J Group K
SH-22 SH-28 SPI-22 SPI-30 SPI-31
4 Y Y Y Y Y
1 100 100 100 100 100
2 100 100 100 100 100
3 100 100 100 80 100
4 100 100 100 100 60
5 100 100 100 100 60




A B Cc D E F
Control SH-Ref-1 CARR CARR / SH-Ref-1 SH-13A SH-19

4 Y Y Y Y Y Y
1 1.571 1.571 1.571 1.571 1.571 1.571
2 1.571 1.571 1.571 1.107 1.571 1.571
3 1.571 1.571 1.571 1.571 1.571 1.571
4 1.571 1.571 1.571 1.571 1.571 1.571
5 1.571 1.571 1.571 1.571 1.571 1.571




G H | J K
SH-22 SH-28 SPI-22 SPI-30 SPI-31

4 Y Y Y Y Y
1 1.571 1.571 1.571 1.571 1.571
2 1.571 1.571 1.571 1.571 1.571
3 1.571 1.571 1.571 1.107 1.571
4 1.571 1.571 1.571 1.571 0.886
5 1.571 1.571 1.571 1.571 0.886




1way ANOVA

ANOVA

A
1 Table Analyzed Transform of Data 1
2 Data sets analyzed A : Control
3
4 ANOVA summary
5 F 1.772
6 P value 0.0946
7 P value summary ns
8 Significant diff. among means (P < 0.05)? No
9 R square 0.2871
10
11 Brown-Forsythe test
12 F (DFn, DFd) 1.772 (10, 44)
13 P value 0.0946
14 P value summary ns
15 Are SDs significantly different (P < 0.05)? No
16
17 Bartlett's test
18 Bartlett's statistic (corrected) +infinity
19 P value <0.0001
20 P value summary b
21 Are SDs significantly different (P < 0.05)? Yes
22
23 ANOVA table SS
24 Treatment (between columns) 0.3652
25 Residual (within columns) 0.9066
26 Total 1.272
27
28 Data summary
29 Number of treatments (columns) 11
30 Number of values (total) 55




A

B : SH-Ref-1

C:CARR

D : CARR / SH-Ref-1

O o N & O B[ W N =

-
o

-—
-_—

-
N

-
w

-—
S

-
(3]

-
o

—
~

-
(=]

-
©

N
o

N
-

N
N

N
w

DF

MS

F (DFn, DFd)

N
A

10

0.03652

F (10, 44) = 1.772

N
(3}

44

0.0206

N
(=]

54

N
~

N
(=<}

N
©

w
o




A

E: SH-13A
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1way ANOVA

Multiple comparisons

s

[ 1 [Number of families 1
2 |Number of comparisons per family 7
3 |Alpha 0.05
4
5 |Holm-Sidak's multiple comparisons test [Mean Diff. Significant? Summary Adjusted P Value
6
7 | SH-Ref-1vs. SPI-22 0 No ns >0.9999
8 | CARRvs. SH-13A 0 No ns >0.9999
9 | CARRVvs. SH-19 0 No ns >0.9999
10 | CARR vs. SPI-31 0.2739 Yes * 0.0293
11 | CARR/ SH-Ref-1 vs. SH-22 -0.09273 No ns 0.8945
12 | CARR/SH-Ref-1 vs. SH-28 -0.09273 No ns 0.8945
13 | CARR/ SH-Ref-1 vs. SPI-30 0 No ns >0.9999
14
15
16 |Test details Mean 1 Mean 2 Mean Diff. SE of diff.
17
18 | SH-Ref-1vs. SPI-22 1.571 1.571 0 0.09078
19 | CARRvs. SH-13A 1.571 1.571 0 0.09078
20 | CARRvs. SH-19 1.571 1.571 0 0.09078
21 | CARRvs. SPI-31 1.571 1.297 0.2739 0.09078
22 | CARR/ SH-Ref-1vs. SH-22 1.478 1.571 -0.09273 0.09078
23 | CARR/ SH-Ref-1vs. SH-28 1.478 1.571 -0.09273 0.09078
24 | CARR/SH-Ref-1vs. SPI-30 1.478 1.478 0 0.09078




A

-] - |
2| 3| ©f o N o o B wf B =

B-I

C-E

C-F

C-K

D-G
12 |D-H
13 |D-J
14
15
16 [n1 n2 t DF
17
18 |5 5 0 44
19 |5 5 0 44
20 |5 5 0 44
21 |5 5 3.017 44
22 (5 5 1.021 44
23 (5 5 1.021 44
24 |5 5 0 44




1way ANOVA

Descriptive Statistics Control SH-Ref-1 CARR CARR / SH-Ref-1 SH-13A
‘HII

1 Number of values |5 5 5 5 5

2

3 Minimum 1.571 1.571 1.571 1.107 1.571
4 25% Percentile 1.571 1.571 1.571 1.339 1.571
5 Median 1.571 1.571 1.571 1.571 1.571
6 75% Percentile 1.571 1.571 1.571 1.571 1.571
7 Maximum 1.571 1.571 1.571 1.571 1.571
8

9 Mean 1.571 1.571 1.571 1.478 1.571
10 Std. Deviation 0 0 0 0.2073 0

11 Std. Error of Mean|0 0 0 0.09273 0

12

13 Lower 95% CI 1.571 1.571 1.571 1.221 1.571
14 Upper 95% CI 1.571 1.571 1.571 1.736 1.571




SH-19 SH-22 SH-28 SPI-22 SPI-30 SPI-31

jl
1 5 5 5 5 5 5
2
3 1.571 1.571 1.571 1.571 1.107 0.8861
4 1.571 1.571 1.571 1.571 1.339 0.8861
5 1.571 1.571 1.571 1.571 1.571 1.571
6 1.571 1.571 1.571 1.571 1.571 1.571
7 1.571 1.571 1.571 1.571 1.571 1.571
8
9 1.571 1.571 1.571 1.571 1.478 1.297
10 0 0 0 0 0.2073 0.375
11 0 0 0 0 0.09273 0.1677
12
13 1.571 1.571 1.571 1.571 1.221 0.8312
14 1.571 1.571 1.571 1.571 1.736 1.763




N. arenaceodentata Mean Survival
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Transform of Data 1
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Constant

Experiment Date

Value
7/28/2017

Experiment ID

Anchor Shelton Harbor

Notebook ID

Project

Neanthes arenaceodentata

Experimenter

Protocol

Mean Individual Growth per Day (Dry Weight)




Constant

Experiment Date

Value
7/28/2017

Experiment ID

Anchor Shelton Harbor

Notebook ID

Project

Neanthes arenaceodentata

Experimenter

Protocol

Mean Individual Growth per Day (AFDW)




Group A Group B Group C Group D Group E Group F Group G
Control SH-Ref-1 CARR CARR / SH-Ref-1 SH-13A SH-19 SH-22
4 Y Y Y Y Y Y Y
1 0.411 0.234 0.301 0.258 0.132 0.249 0.301
2 0.199 0.230 0.330 0.326 0.220 0.174 0.275
3 0.272 0.261 0.307 0.313 0.209 0.218 0.253
4 0.201 0.364 0.330 0.281 0.221 0.265 0.201
5 0.224 0.277 0.260 0.330 0.207 0.176 0.238




Group H Group | Group J Group K
SH-28 SPI-22 SPI-30 SPI-31
4 Y Y Y Y
1 0.213 0.334 0.307 0.295
2 0.293 0.427 0.433 0.174
3 0.086 0.311 0.348 0.244
4 0.197 0.313 0.325 0.315
5 0.307 0.260 0.292 0.196




1way ANOVA

ANOVA
/I
| 4
1 |Table Analyzed Data 1
2 |Data sets analyzed A : Control B : SH-Ref-1 |C: CARR D : CARR/SH-Ref-1 |E: SH-13A
3
4 |ANOVA summary
5 F 3.465
6 P value 0.0020
7 | P value summary **
8 Significant diff. among means (P < 0.05)?|Yes
9 | Rsquare 0.4405
10
11 [Brown-Forsythe test
12 | F (DFn, DFd) 0.6482 (10, 44)
13 | Pvalue 0.7645
14 | P value summary ns
15 | Are SDs significantly different (P < 0.05)? |No
16
17 |Bartlett's test
18 | Bartlett's statistic (corrected) 10.77
19 | P value 0.3756
20 | P value summary ns
21 | Are SDs significantly different (P < 0.05)? [No
22
23 [ANOVA table SS DF MS F (DFn, DFd) P value
24 | Treatment (between columns) 0.1119 10 0.01119 F (10, 44) = 3.465 P=0.0020
25 | Residual (within columns) 0.1421 44 0.00323
26 | Total 0.254 54
27
28 |Data summary
29 | Number of treatments (columns) 11
30 | Number of values (total) 55




1way ANOVA

Multiple comparisons

A

[ 1 [Number of families 1
2 |Number of comparisons per family|7
3 |Alpha 0.05
4
5 |Sidak's multiple comparisons test |Mean Diff. 95.00% CI of diff. Significant?  |Summary Adjusted P Value
6
7 | SH-Ref-1vs. SPI-22 -0.0558 -0.1569 t0 0.04532 [No ns 0.6157
8 | CARRvs. SH-13A 0.1078 0.00668 to 0.2089  |Yes * 0.0307
9 | CARRVvs. SH-19 0.0892 -0.01192 t0 0.1903 [No ns 0.1129
10 | CARR vs. SPI-31 0.0608 -0.04032 t0 0.1619 [No ns 0.5134
11 | CARR/ SH-Ref-1 vs. SH-22 0.048 -0.05312t0 0.1491  [No ns 0.7684
12 | CARR/SH-Ref-1 vs. SH-28 0.0824 -0.01872t0 0.1835 [No ns 0.1727
13 | CARR/ SH-Ref-1 vs. SPI-30 -0.0394 -0.1405t0 0.06172 [No ns 0.8987
14
15
16 |Test details Mean 1 Mean 2 Mean Diff. SE of diff. n1
17
18 | SH-Ref-1vs. SPI-22 0.2732 0.329 -0.0558 0.03594 5
19 | CARRvs. SH-13A 0.3056 0.1978 0.1078 0.03594 5
20 | CARRvs. SH-19 0.3056 0.2164 0.0892 0.03594 5
21 | CARRvs. SPI-31 0.3056 0.2448 0.0608 0.03594 5
22 | CARR/ SH-Ref-1vs. SH-22 0.3016 0.2536 0.048 0.03594 5
23 | CARR/ SH-Ref-1vs. SH-28 0.3016 0.2192 0.0824 0.03594 5
24 | CARR/SH-Ref-1vs. SPI-30 0.3016 0.341 -0.0394 0.03594 5




A

-] - |
2| 3| ©f o N o o B wf B =

B-I

C-E

C-F

CcK

D-G
12 [D-H
13 |D-J
14
15
16 |n2 t DF
17
18 |5 1.552 44
19 |5 2.999 44
20 |5 2.482 44
21 |5 1.692 44
22 |5 1.335 44
23 |5 2.293 44
24 |5 1.096 44




1way ANOVA

Descriptive Statistics Control SH-Ref-1 CARR CARR /SH-Ref-1 SH-13A SH-19 SH-22

— “/I

1 [Number of values |5 5 5 5 5 5 5

2

3 [Minimum 0.199 0.23 0.26 0.258 0.132 0.174 0.201

4 |25% Percentile 0.2 0.232 0.2805 0.2695 0.1695 0.175 0.2195

5 |Median 0.224 0.261 0.307 0.313 0.209 0.218 0.253

6 |75% Percentile 0.3415 0.3205 0.33 0.328 0.2205 0.257 0.288

7 |Maximum 0.411 0.364 0.33 0.33 0.221 0.265 0.301

8

9 |Mean 0.2614 0.2732 0.3056 0.3016 0.1978 0.2164 0.2536

10 [Std. Deviation 0.08865 0.05434 0.02869 0.03105 0.03732 0.0414 0.0378

11 [Std. Error of Mean|0.03964 0.0243 0.01283 0.01389 0.01669 0.01852 0.0169

12

13 |Lower 95% CI 0.1513 0.2057 0.27 0.263 0.1515 0.165 0.2067

14 |Upper 95% CI 0.3715 0.3407 0.3412 0.3402 0.2441 0.2678 0.3005




SH-28 SPI-22 SPI-30 SPI-31

I “/I

1 15 5 5 5

2

3 |0.086 0.26 0.292 0.174

4 10.1415 0.2855 0.2995 0.185

5 (0.213 0.313 0.325 0.244

6 (0.3 0.3805 0.3905 0.305

7 10.307 0.427 0.433 0.315

8

9 |0.2192 0.329 0.341 0.2448

10 (0.08864 0.06118 0.05551 0.06092

11 10.03964 0.02736 0.02483 0.02724

12

13 |0.1091 0.253 0.2721 0.1692

14 10.3293 0.405 0.4099 0.3204




N. arenaceodentata Mean AFDW
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Group A Group B Group C Group D Group E Group F Group G
Control SH-Ref-1 CARR CARR / SH-Ref-1 SH-13A SH-19 SH-22
4 Y Y Y Y Y Y Y
1 0.669 0.322 0.432 0.353 0.160 0.295 0.397
2 0.312 0.320 0.419 0.427 0.278 0.206 0.378
3 0.373 0.333 0.407 0.416 0.276 0.282 0.313
4 0.317 0.460 0.454 0.416 0.283 0.316 0.257
5 0.317 0.376 0.372 0.438 0.254 0.212 0.285




Group H Group | Group J Group K
SH-28 SPI-22 SPI-30 SPI-31
4 Y Y Y Y
1 0.282 0.416 0.395 0.402
2 0.438 0.537 0.527 0.226
3 0.127 0.405 0.443 0.317
4 0.264 0.385 0.409 0.438
5 0.426 0.330 0.367 0.235




1way ANOVA

ANOVA
/I
| 4
1 |Table Analyzed Data 1
2 |Data sets analyzed A : Control B : SH-Ref-1 |C: CARR D : CARR/SH-Ref-1 |E: SH-13A
3
4 |ANOVA summary
5 F 3.102
6 P value 0.0045
7 | P value summary **
8 Significant diff. among means (P < 0.05)?|Yes
9 | Rsquare 0.4135
10
11 [Brown-Forsythe test
12 | F (DFn, DFd) 0.7625 (10, 44)
13 | Pvalue 0.6631
14 | P value summary ns
15 | Are SDs significantly different (P < 0.05)? |No
16
17 |Bartlett's test
18 | Bartlett's statistic (corrected) 18.79
19 | Pvalue 0.0430
20 | P value summary *
21 | Are SDs significantly different (P < 0.05)?|Yes
22
23 [ANOVA table SS DF MS F (DFn, DFd) P value
24 | Treatment (between columns) 0.2065 10 0.02065 F (10, 44) = 3.102 P=0.0045
25 | Residual (within columns) 0.2929 44 0.006657
26 | Total 0.4994 54
27
28 |Data summary
29 | Number of treatments (columns) 11
30 | Number of values (total) 55




1way ANOVA

Multiple comparisons

s

[ 1 [Number of families 1
2 |Number of comparisons per family|7
3 |Alpha 0.05
4
5 |Sidak's multiple comparisons test |Mean Diff. 95.00% CI of diff. Significant?  |Summary Adjusted P Value
6
7 | SH-Ref-1vs. SPI-22 -0.0524 -0.1976 t0 0.09278 [No ns 0.9296
8 | CARRvs. SH-13A 0.1666 0.02142t00.3118  |Yes * 0.0164
9 | CARRVvs. SH-19 0.1546 0.00942 t0 0.2998  |[Yes * 0.0310
10 | CARR vs. SPI-31 0.0932 -0.05198 t0 0.2384 [No ns 0.4325
11 | CARR/ SH-Ref-1 vs. SH-22 0.084 -0.06118 t0 0.2292 [No ns 0.5601
12 | CARR/SH-Ref-1 vs. SH-28 0.1026 -0.04258 t0 0.2478 [No ns 0.3171
13 | CARR/ SH-Ref-1 vs. SPI-30 -0.0182 -0.1634 to 0.127 No ns 0.9999
14
15
16 |Test details Mean 1 Mean 2 Mean Diff. SE of diff. n1
17
18 | SH-Ref-1vs. SPI-22 0.3622 0.4146 -0.0524 0.0516 5
19 | CARRvs. SH-13A 0.4168 0.2502 0.1666 0.0516 5
20 | CARRvs. SH-19 0.4168 0.2622 0.1546 0.0516 5
21 | CARRvs. SPI-31 0.4168 0.3236 0.0932 0.0516 5
22 | CARR/ SH-Ref-1vs. SH-22 0.41 0.326 0.084 0.0516 5
23 | CARR/ SH-Ref-1vs. SH-28 0.41 0.3074 0.1026 0.0516 5
24 | CARR/SH-Ref-1vs. SPI-30 0.41 0.4282 -0.0182 0.0516 5




A

-] - |
2| 3| ©f o N o o B wf B =

B-I

C-E

C-F

CcK

D-G
12 [D-H
13 |D-J
14
15
16 |n2 t DF
17
18 |5 1.015 44
19 |5 3.228 44
20 |5 2.996 44
21 |5 1.806 44
22 |5 1.628 44
23 |5 1.988 44
24 |5 0.3527 44




1way ANOVA

Descriptive Statistics Control SH-Ref-1 CARR CARR /SH-Ref-1 SH-13A SH-19 SH-22

— “/I

1 [Number of values |5 5 5 5 5 5 5

2

3 [Minimum 0.312 0.32 0.372 0.353 0.16 0.206 0.257

4 |25% Percentile 0.3145 0.321 0.3895 0.3845 0.207 0.209 0.271

5 |Median 0.317 0.333 0.419 0.416 0.276 0.282 0.313

6 |75% Percentile 0.521 0.418 0.443 0.4325 0.2805 0.3055 0.3875

7 |Maximum 0.669 0.46 0.454 0.438 0.283 0.316 0.397

8

9 |Mean 0.3976 0.3622 0.4168 0.41 0.2502 0.2622 0.326

10 [Std. Deviation 0.1538 0.05917 0.03051 0.03314 0.05164 0.0501 0.05991

11 [Std. Error of Mean|0.06877 0.02646 0.01364 0.01482 0.02309 0.02241 0.02679

12

13 |Lower 95% CI 0.2067 0.2887 0.3789 0.3688 0.1861 0.2 0.2516

14 |Upper 95% CI 0.5885 0.4357 0.4547 0.4512 0.3143 0.3244 0.4004




SH-28 SPI-22 SPI-30 SPI-31
_“/I
1 |5 5 5 5
2
3 lo.127 0.33 0.367 0.226
4 [0.1955 0.3575 0.381 0.2305
5 [0.282 0.405 0.409 0.317
6 [0.432 0.4765 0.485 0.42
7 |0.438 0.537 0.527 0.438
8
9 [0.3074 0.4146 0.4282 0.3236
10 [0.1286 0.07601 0.06164 0.09573
11 [0.05753 0.03399 0.02757 0.04281
12
13 |0.1477 0.3202 0.3517 0.2047
14 0.4671 0.509 0.5047 0.4425




Data 1

0.6




Statistical Results: Mytilus galloprovnicialis Larval Test

EcoAnalysts Report #081417.01



Constant

Experiment Date

Value
8/1/2017

Experiment ID

Anchor Shelton Harbor

Notebook ID

Project

Mytilus galloprovincialis

Experimenter

Protocol




Group A| Group B Group C Group D Group E Group F Group G
Control | SH-Ref-1 CARR/SH-Ref-1 CARR CR-022 SH-04 SH-14
4 Y Y Y Y Y Y Y
1 102.6 80.3 80.3 81.8 75.7 78.2 83.6
2 90.7 97.9 80.7 92.2 74.2 90.4 82.5
3 84.6 83.2 81.8 86.1 80.7 94.7 79.3
4 90.4 83.6 84.6 80.7 79.3 76.4 81.8
5 97.2 83.2 75.0 83.6 60.6 83.9 87.9




Group H Group | Group J Group K Group L Group M
SH-19 SH-21 SH-22 SH-24 SPI-22 SPI-30
4 Y Y Y Y Y Y
1 70.3 74.2 76.4 82.9 62.4 76.8
2 67.8 77.8 68.1 814 66.0 75.3
3 63.5 80.7 88.6 74.6 62.8 82.1
4 66.4 87.2 72.8 82.5 69.6 80.3
5 58.5 74.6 68.1 77.8 57.7 65.3




Group N

SPI-31
P Y
| 4

1 82.5
2 84.6
3 86.4
4 84.6
5

75.7




A B Cc D E F
Control SH-Ref-1 CARR/SH-Ref-1 CARR CR-022 SH-04

4 Y Y Y Y Y Y
1 1.111 1.111 1.130 1.055 1.085
2 1.261 1.425 1.116 1.288 1.038 1.256
3 1.168 1.148 1.130 1.189 1.116 1.338
4 1.256 1.154 1.168 1.116 1.098 1.064
5 1.403 1.148 1.047 1.154 0.892 1.158




G H | J K L
SH-14 SH-19 SH-21 SH-22 SH-24 SPI-22

4 Y Y Y Y Y Y
1 1.154 0.994 1.038 1.064 1.144 0.911
2 1.139 0.967 1.080 0.971 1.125 0.948
3 1.098 0.922 1.116 1.226 1.043 0.915
4 1.130 0.952 1.205 1.022 1.139 0.987
5 1.216 0.871 1.043 0.971 1.080 0.863




M N
SPI-30 SPI-31

4 Y Y
1 1.068 1.139
2 1.051 1.168
3 1.134 1.193
4 1.111 1.168
5 0.941 1.055




1way ANOVA

ANOVA
/I
| 4
1 |Table Analyzed Transform of Data 1
2 |Data sets analyzed A : Control B : SH-Ref-1
3
4 |ANOVA summary
5 F 712
6 P value <0.0001
7 | P value summary hxx
8 Significant diff. among means (P < 0.05)? Yes
9 | Rsquare 0.6273
10
11 [Brown-Forsythe test
12 | F (DFn, DFd) 0.4923 (13, 55)
13 | Pvalue 0.9197
14 | P value summary ns
15 | Are SDs significantly different (P < 0.05)? No
16
17 |Bartlett's test
18 | Bartlett's statistic (corrected) 14.59
19 | P value 0.3334
20 | P value summary ns
21 | Are SDs significantly different (P < 0.05)? No
22
23 [ANOVA table SS DF
24 | Treatment (between columns) 0.5654 13
25 | Residual (within columns) 0.336 55
26 | Total 0.9014 68
27
28 |Data summary
29 | Number of treatments (columns) 14
30 | Number of values (total) 69
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1way ANOVA
Multiple comparisons

A

[ 1 [Number of families 1
2 |Number of comparisons per family 9
3 |Alpha 0.1
4
5 |Holm-Sidak's multiple comparisons test [Mean Diff. Significant? Summary Adjusted P Value
6
7 | SH-Ref-1vs. SPI-22 0.2728 Yes il <0.0001
8 | CARR/SH-Ref-1vs. SH-14 -0.03309 No ns 0.9405
9 | CARR/SH-Ref-1vs. SH-22 0.06368 No ns 0.7959
10 | CARR/SH-Ref-1 vs. SH-24 0.008062 No ns 0.9834
11 | CARR/SH-Ref-1 vs. SPI-30 0.0534 No ns 0.8349
12 | CARR vs. SH-04 -0.004873 No ns 0.9834
13 | CARR vs. SH-19 0.2338 Yes i 0.0001
14 | CARR vs. SPI-31 0.03074 No ns 0.9405
15 | CR-022 vs. SH-21 -0.05634 No ns 0.8349
16
17
18 |Test details Mean 1 Mean 2 Mean Diff. SE of diff.
19
20 | SH-Ref-1vs. SPI-22 1.197 0.9247 0.2728 0.04943
21 | CARR/SH-Ref-1vs. SH-14 1.114 1.147 -0.03309 0.04943
22 | CARR/SH-Ref-1 vs. SH-22 1.114 1.051 0.06368 0.04943
23 | CARR/SH-Ref-1vs. SH-24 1.114 1.106 0.008062 0.04943
24 | CARR/SH-Ref-1vs. SPI-30 1.114 1.061 0.0534 0.04943
25 | CARR vs. SH-04 1.175 1.18 -0.004873 0.04943
26 | CARRvs. SH-19 1.175 0.9414 0.2338 0.04943
27 | CARR vs. SPI-31 1.175 1.145 0.03074 0.04943
28 | CR-022 vs. SH-21 1.04 1.096 -0.05634 0.04943




A

-] - |
2| 3| ©f o N o o B wf B =

B-L
c-G
c-J
C-K
C-M
12 |D-F
13 [D-H
14 |D-N
15 |E-|
16
17
18 [n1 n2 t DF
19
20 |5 5 5.518 55
21 |5 5 0.6693 55
22 |5 5 1.288 55
23 |5 5 0.1631 55
24 |5 5 1.08 55
25 |5 5 0.09859 55
26 |5 5 473 55
27 |5 5 0.6218 55
28 |5 5 1.14 55




1way ANOVA

Descriptive Statistics Control SH-Ref-1 CARR/SH-Ref-1 CARR CR-022

— “/I

1 [Number of values |4 5 5 5 5

2

3 [Minimum 1.168 1.111 1.047 1.116 0.8922

4 |25% Percentile 1.19 1.13 1.079 1.123 0.9651

5 |Median 1.258 1.148 1.116 1.154 1.055

6 |75% Percentile 1.367 1.29 1.149 1.238 1.107

7 |Maximum 1.403 1.425 1.168 1.288 1.116

8

9 |Mean 1.272 1.197 1.114 1.175 1.04

10 [Std. Deviation 0.09726 0.1286 0.04358 0.06866 0.08841

11 [Std. Error of Mean|0.04863 0.0575 0.01949 0.0307 0.03954

12

13 |Lower 95% CI 1.117 1.038 1.06 1.09 0.9302

14 |Upper 95% CI 1.426 1.357 1.168 1.261 1.15




SH-04 SH-14 SH-19 SH-21 SH-22 SH-24

I ‘HII

1 15 5 5 5 5 5

2

3 |1.064 1.098 0.8708 1.038 0.9706 1.043

4 11.074 1.114 0.8965 1.04 0.9706 1.061

5 |1.158 1.139 0.9525 1.08 1.022 1.125

6 |1.297 1.185 0.9809 1.16 1.145 1.142

7 11.338 1.216 0.9944 1.205 1.226 1.144

8

9 |1.18 1.147 0.9414 1.096 1.051 1.106

10 |0.1161 0.04314 0.04735 0.06842 0.1057 0.04366

11 10.05193 0.01929 0.02117 0.0306 0.04726 0.01953

12

13 [1.036 1.094 0.8827 1.011 0.9194 1.052

14 11.324 1.201 1 1.181 1.182 1.16




SPI-22 SPI-30 SPI-31

I ‘HII

1 15 5 5

2

3 0.8627 0.9409 1.055

4 (0.8867 0.9958 1.097

5 [0.9148 1.068 1.168

6 |0.9675 1.122 1.18

7 10.9868 1.134 1.193

8

9 |0.9247 1.061 1.145

10 |0.04623 0.07483 0.05339

11 |0.02067 0.03346 0.02388

12

13 [0.8673 0.968 1.078

14 (0.9821 1.154 1.211




Mytilus sp. Development

I T

o o o
5 0 5
1 1

(%) diysioaining JewioN ueapy

Sample ID



Transform of Data 1

1.6
1410 ®
[ J
( 1) ([
[ J
1.2+ ® L4 [
[ J [ Y
ced, . ., e '. o”
10 o o040 !.0.. % o
07 o0
°_o
°
° ° o
0-8 T T T L] L] L] L] L] L] L] L] L] L] L]
NN N &> D AN AV a Y a® o\
LD SN NN Ak P W DB
S FF T FFFXFLLR
2 &
$
&



APPENDIX C. Supporting Documents

EcoAnalysts Report #081417.01







Page __l__of_l_

Ammonia and Sulfide Analysis Record

Client/Project: Organism: Test Duration (days):
SWelon furhoc N A NA
®RETEST/ INITIAL / FINAL / OTHER (circle one) DAY of TEST: _NA
OVERLYING (OV) Wrcle one) / Comments: (Q)\A\\(/
Calibration Standards Temperature o
Date: Temperature: Samc;l)ledtemperature shoul_d be wclitlclim il;C 01; '
‘H\‘&l\?’ A.3°C, standards temperature at time and date of analysis.
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Wet-Sieve Procedure for Determining Percent Fines (<63 pm) of Sediment

DATE:
Al r

CLIENT:

B lho¢

PROJECT:

she | lon

Procedure:

1.  Collect 50 mL of sediment to be analyzed

Transfer sediment to a #230 (63 pm) testing sieve

Rinse sieve thoroughly with a stream of water until water flowing through the sieve is clear

2
3
4. Transfer all retained material to a 100mL graduated cylinder using a small funnel and DI squirt bottle
5

Allow sediment to settle. Record the volume of sediment retained below.
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Appendix B
Interim Action Alternative Cost Estimates




Table B-1
Cost Estimate for Alternatives

Quantities Costs
Alt1 Alt 2 Alt 3 Alt 4 Alt1 Alt 2 Alt 3 Alt 4
Cost Element Unit Cost Unit Basis Removal Capping ENR MNR Removal Capping ENR MNR
Removal, Dewatering, Transportation, Transload, and Disposal
Unit cost based on project experience in Puget Sound and recent
Dredge to Barge and Dewater $30 o ! sed on project exp 9 80,800 0 0 0 $2,424,000 $0 $0 $0
bids. Quantities calculated in Table B-2.
150 miles round trip. Costs based on 4 days round trip (includin
Transport by Barge from Shelton to Lafarge (Seattle) $16 o f1es round trip ys round trip (including 80,800 0 0 0 $1,292,800 $0 $0 $0
offload) for 2000 cy barge at $8,000/day for barge + tug.
. - Based on recent bids for transload at the Lafarge facility, transport,
Transload, Transport (Rail) and Tipping $120 o ron E v transp 80,800 0 0 0 $9,696,000 $0 $0 $0
and tipping.
Subtotal Removal $13,412,800 $0 $0 $0
Sand and Gravel Purchase, Delivery, Transload and Place
Cost of pit run from Shelton-area pits, includes transport to the
Purchase from Local Quarry $8 cy Shelton Harbor shoreline. Does not account for transload to barge. 80,800 23,100 5,900 0 $646,400 $184,800 $47,200 $0
Quantities calculated in Table B-2.
. Costs based on project experience and includes loading equipment
Transload from Stockpile to Barge $5 cy dlab 80,800 23,100 5,900 0 $404,000 $115,500 $29,500 $0
and labor.
. Unit cost based on project experience in Puget Sound and recent
Material Placement From Barge $25 cy bid 80,800 23,100 5,900 0 $2,020,000 $577,500 $147,500 $0
ids.
Subtotal Placement $3,070,400 $877,800 $224,200 $0
Total Construction Costs
Subtotal Construction | $16,483,200 $877,800 |  $224,200 $0
Additional Costs
Mobilization/Demobilization 15% Percentage of construction costs. Typical FS-level estimate. 1 1 1 0 $2,472,480 $131,670 $33,630 $0
Tax 8.5% Tax rate in Shelton. $1,401,072 $74,613 $19,057 $0
Design, Permitting, and Construction Support 20% Percentage of construction costs. Typical FS-level estimate. $3,296,640 $175,560 $44,840 $0
Contingency 30% Percentage of construction costs. Typical FS-level estimate. $4,944,960 $263,340 $67,260 $0
Post-Construction Monitoring $70,000 per event |Based on project experience. 2 5 10 20 $140,000 $350,000 $700,000 $1,400,000
Total Costs
Total $28,738,352 $1,872,983 $1,088,987 $1,400,000
Total (Rounded) $29,000,000 $1,900,000 $1,100,000 $1,400,000
Notes:

Alt: alternative

cy: cubic yard

ENR: enhanced natural recovery
MNR: monitored natural recovery

Shelton Harbor Interim Action Plan

Oakland Bay and Shelton Harbor Sediments Cleanup Site

Pagelof 1
January 2018



Table B-2
Volume Estimate for Alternatives

Alternative 1 - Removal + Backfill

Alternative 2 - Capping

Alternative 3 - ENR

Contaminant Thickness
Depth Side Slope Including
SMA Area (acres) (Neatline) (ft) | Overdepth (ft) Allowance Volume (cy) |Overplacement (ft)| Volume (cy) Thickness (ft) Volume (cy)
1 44 2 1 20% 25,500 15 10,600 0.5 3,500
2 0.6 2 1 20% 3,500 15 1,500 0.5 500
3 (Slope) 21 10 1 30% 49,400 3.0 10,400 0.5 1,700
3 (Flat) 14 4 1 20% 2,400 15 600 0.5 200
Total 8.5 80,800 23,100 5,900
Construction Duration (Days) 360 58 15
Construction Duration (Months) 18 3 1
Construction Duration (Seasons) 3 0.5 0.1
Production
Rate (cy/day)
Removal 500
Placement 400
Construction Season Days Calculation
Start of Construction Season 15-Jul
End of Construction Season 15-Feb
Total Days 215
Weekend Days 61
Holidays 7
Delays (Permitting, Contracting, Mob/Demob, etc.) 20
Total Production Days 127

Notes:

cy: cubic yard

ENR: enhanced natural recovery
ft: foot

SMA: Sediment Management Area
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