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1 INTRODUCTION

This appendix presents the development of human health risk-based concentrations (RBCs)
for the 1&] Waterway Site (Site). These human health RBCs contribute to the selection of
the final Sediment Cleanup Objective (SCO) and Cleanup Screening Level (CSL) described in
Section 4 of the Remedial Investigation (RI). This appendix also describes the methods used
to develop natural background, regional background, and practical quantitation limits
(PQLs), which also contribute to selection of the final SCO and CSL.

Sediment sites are regulated by the Sediment Management Standards (SMS; Washington
Administrative Code [WAC] 173-204). The revised SMS rule was implemented on
September 1, 2013 (Ecology 2013a) and includes specific requirements for the protection of
both human health and the environment. The new SMS rule includes specific procedures to
determine human health risk-based SCOs and CSLs to address the bioaccumulative (seafood
consumption) and direct contact exposure pathways (WAC 173-204-560). Under the new
SMS rule, the derivation of human health sediment RBCs is a component of the overall
sediment cleanup level (SCL) development. The SMS permits site risk-based cleanup
standards within a range of 1 in 100,000 (1x10) to 1 in 1 million (1x10) excess lifetime
cancer risk (ELCR) levels for all individual carcinogens, and a total ELCR risk of 1x10- for all
carcinogens (total risk from multiple contaminants). For non-carcinogenic chemicals, a
hazard quotient (HQ) of 1 is used to develop cleanup standards. If a site has multiple
non-carcinogens with similar types of toxicity, the cleanup standards may be adjusted
downwards in accordance with WAC 173-340-708, or other approved methods to ensure

protectiveness at a hazard index (HI) of 1.

The human health risk-based SCO is the lowest sediment RBC developed from the 1x10-¢
ELCR! threshold and/or a HQ of 1.2 The human health risk-based CSL is the lowest sediment
RBC corresponding to a 1x10-> ELCR threshold and/or a HQ of 1.2 The final SCO and CSL
are determined based on the highest of the 1) lowest appropriate RBCs for protection of
human health, benthic organisms (WAC 173-204-320 and WAC 173-204-562 for SCO and
CSL, respectively), or ecological receptors; 2) background; and 3) PQLs.

! Or 1x10° for multiple carcinogens
2Or an HI of 1 for multiple non-carcinogens
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Introduction

The SCO defines the lower bound of a sediment cleanup level and the CSL defines the upper
bound. The SCL may be adjusted upward from the SCO, if the SCO is not technically

possible to achieve considering net environmental effects on the aquatic environment,

natural resources, and habitat. However, the SCL may not be adjusted upward above the
CSL (WAC 173-204-560).

As described in the new SMS rule and draft Sediment Cleanup Users Manual II (SCUM II)
(Ecology 2013b) guidance document, the steps for developing human health risk-based CSL

and SCO for I1&] Waterway are as follows:

Identify Site bioaccumulative chemicals requiring RBC development (Ecology 2013b).
Identify potential exposure pathways and the reasonable maximum exposure (RME)
scenario (WAC 173-204-561(2)).

Calculate carcinogenic sediment RBCs at 1x10¢ (SCO) and 1x10- (CSL) and
non-carcinogenic RBCs using a HQ of 1.1

Determine natural background.

Determine the PQL.

Develop regional background levels.

This document is generally organized according to these steps and includes the following

sections:

Section 2 identifies Site bioaccumulative chemicals requiring development of
bioaccumulative exposure pathway (seafood consumption) RBC.

Section 3 identifies complete Site exposure pathways and discusses RME scenarios.
Section 4 includes components of SCO development. This section provides equations
for calculating RBCs for the exposure scenarios and discusses natural background and
PQLs.

Section 5 includes components of CSL development. This section discusses RBCs and
PQLs and develops preliminary regional background values for carcinogenic
polycyclic aromatic hydrocarbons (cPAH) toxic equivalents quotient (TEQ) and total
dioxin/furan TEQ.

Appendix B: Human Health SCO and CSL Development October 2014
1&] Waterway Site B-2 090007-01.02



2 IDENTIFICATION OF SITE BIOACCUMULATIVE CHEMICALS OF POTENTIAL
CONCERN

1&] Waterway sediment samples collected in 2005/2006, 2012, and 2013 were used to
determine Site bioaccumulative chemicals requiring RBC development. Bioaccumulative
chemicals detected in at least one Site surface sediment sample included arsenic, cadmium,
lead, mercury, total polychlorinated biphenyls (PCB) Aroclors, polycyclic aromatic
hydrocarbons (PAHs), pentachlorophenol, and total dioxin/furan TEQ. The frequency of
detection, temporal and spatial chemical concentration patterns, and current and historical
Site activities were considered to determine which of these chemicals could be considered

Site related.

Bioaccumulative chemicals that could be potentially Site related include a number of PAHs,
which were developed into RBCs for cPAHs. The other bioaccumulative chemicals are not
considered Site-related because they are not specifically associated with historical or current
Site uses and/or have low detection frequencies. Dioxin/furan was not retained as a
constituent of concern (COC) because congener profiles suggest no Site-associated
release/activity and Site sediments are similar to Bellingham Bay profiles. Asshown in
Appendix E, dioxin/furan congener profiles from sediment at the Site are similar to sediment
samples collected by the U.S. Army Corps of Engineers (USACE) in 2012 that extend to the
end of the I1&] Waterway, up to approximately 2,000 feet from the Site into Bellingham Bay.
Congener patterns in Site sediment resemble profiles associated with typical urban inputs,
such as automobile and diesel emissions (Attachments 1 and 2 of Appendix E), which is
typical in urban areas with stormwater runoff from commercial and industrial areas. Areas
with elevated dioxin/furan concentrations that are co-located with Site COCs will be

addressed as part of Site remediation.

2.1 cPAHs

PAHs are a group of structurally similar planar compounds. Seven of the 16 PAHs tested
under SMS have been identified as probable human carcinogens (cPAH). Evaluation of
cPAH under the Model Toxics Control Act (MTCA) occurs by multiplying the individual
cPAH by their respective benzo(a)pyrene toxic equivalency factors (TEF; CalEPA 2005) and
summing these TEQs into a total cPAH TEQ (WAC 173-340-708(e)). While
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Identification of Site Bioaccumulative
Chemicals of Potential Concern

non-carcinogenic PAHs co-occur with the cPAH at the Site, the cPAH exhibit higher
potential risk to human health than do the non-carcinogenic PAHs. For this reason, Site
remediation to risk-based bioaccumulative cleanup levels developed for cPAHs will be

protective of risk from other bioaccumulative non-carcinogenic PAHs.
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Maximum Exposure Scenarios

3 EXPOSURE PATHWAYS AND REASONABLE MAXIMUM EXPOSURE SCENARIOS

RBCs have been calculated for Site exposure pathways for both carcinogenic and

non-carcinogenic risk, as applicable. This section describes the exposure pathways used to
calculate the RBCs.

Two likely exposure pathways were identified for the Site based on current and potential

future Site uses:

e Ingestion of fish and shellfish that have bioaccumulated chemicals from the Site.
e Direct contact (incidental sediment ingestion and dermal contact) with chemicals in

Site sediments during recreational beach use.

The RME scenario refers to the highest exposure for human health risk that is reasonably
expected to occur at a site under current and potential future land use (WAC 173-204-
561(2)(b)). Three RME scenarios were developed to address these exposure pathways:

o Tribal seafood ingestion of fish and shellfish (seafood consumption)
e Adult direct contact and incidental ingestion RME clamming

e Child direct contact and incidental ingestion RME beach play

These RME scenarios were developed for the Study Area based on Washington State
Department of Ecology (Ecology) guidance (Ecology 2013b). The pathways are considered
complete and are shown in the Conceptual Site Model (Figure 7-2).

3.1 Seafood Consumption Scenario

Development of the sediment cPAH RBC that would be protective of tribal RME seafood
consumption from the Site was calculated using Ecology’s default equation (Ecology 2013b),
and a combination of Ecology’s default input parameters (e.g., exposure frequency, exposure
duration) and Site-specific input parameters (e.g., seafood ingestion rates, site use factors).
The RBC developed is the concentration in sediment at and below which chemicals would
not be expected to accumulate in seafood tissue to levels presenting potential unacceptable
ELCR to human consumers under RME conditions. The equation and Site-specific
parameters used for calculating the seafood consumption cPAH RBC are presented in

Section 4.1.1.
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Exposure Pathways and Reasonable
Maximum Exposure Scenarios

3.2 Sediment Direct Contact and Incidental Ingestion Scenario

The direct contact and incidental ingestion exposure pathways were evaluated through the
adult clamming and the child beach play scenarios. These scenarios were used to derive
RBCs for adult and child recreational activities in the intertidal area of the Site (-4 feet to
11 feet mean lower low water [MLLW]). RBCs protective of the direct contact and
incidental ingestion scenarios were calculated using Ecology’s default equations (Ecology
2013b), and a combination of Ecology’s default input parameters (e.g., body weight, exposure
duration) and Site-specific input parameters (e.g., exposure frequency). RBCs were
developed for cPAHs in addition to other SMS chemicals if toxicity data (cancer potency
factor [CPF] and/or reference dose [RfD]) were available in Ecology’s Cleanup Levels and
Risk Calculations (CLARC) database (Ecology 2013b). For a given chemical, carcinogenic
and/or non-carcinogenic RBCs were developed based on the chemical’s toxicological
mechanisms of action. The direct contact and incidental ingestion equations and Site-

specific parameters used for calculating the RBCs are presented in Section 4.1.2.

3.3 Ecological Receptors

Ecological risk from bioaccumulative chemicals is also considered in the development of SCO
and CSL for a site (Ecology 2013b). Higher trophic-level aquatic dependent organisms such
as Great Blue Heron (Ardea herodias) or Harbor Seals (Phoca vituluna) could potentially
forage on prey species that have bioaccumulated chemicals from the Site. PAHs were the
only chemicals identified as Site-related bioaccumulative chemicals of potential concern.
The other bioaccumulative chemicals (arsenic, cadmium, lead, mercury, PCB,
pentachlorophenol, and total dioxin/furan) were excluded from further ecological evaluation
based on frequency of detection, temporal and spatial chemical concentration patterns, and

knowledge of current and historical Site activities.

The Site mean concentrations of the bioaccumulative metals cadmium and lead in surface
sediments were at or below natural background (Ecology 2013b) concentrations, while
arsenic and mercury concentrations were slightly above natural background. Arsenic and

mercury are not associated with any known Site release/activity and elevated areas are
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Exposure Pathways and Reasonable
Maximum Exposure Scenarios

co-located with Site COCs that will be addressed as part of Site remediation. These

chemicals are therefore not considered Site bioaccumulative chemicals of concern.

Pentachlorophenol and PCB had low detection frequencies in Site samples, there is no
known Site-related release/activity, and samples with detections are located in areas targeted
for remediation of Site COCs. These chemicals are therefore not considered Site

bioaccumulative chemicals of concern.

Dioxin/furan tends to be present in higher concentrations throughout Bellingham Bay and in
other urban areas in Puget Sound. As discussed previously, dioxin/furan was not retained as
a COC because congener profiles suggest no Site-associated release/activity and Site
sediments are similar to Bellingham Bay profiles. Areas with elevated dioxin/furan
concentrations that are co-located with Site COCs will be addressed as part of Site

remediation.

The cPAH RBC developed for human health is anticipated to be adequately protective of
aquatic dependent wildlife that may be exposed to bioaccumulative chemicals (through
foraging) at the Site, which may include otters or seals. Human and aquatic-dependent
wildlife bioaccumulative chemical target tissue levels (TTLs) have been developed and are
presented in several documents, including the SCUM II (Table 2-2; Ecology 2013b), the
Sediment Evaluation Framework for the Pacific Northwest (RSET 2009), and the Guidance
for Assessing Bioaccumulative Chemicals of Concern in Sediment (ODEQ 2007). The TTLs
represent the prey tissue concentrations considered protective of human health and aquatic
dependent wildlife. The compilation of available TTLs are included in Table B-1.
Comparison of the human and aquatic-life dependent wildlife TTLs demonstrates that RBCs
developed for human health would also be protective of aquatic-dependent wildlife. The
available human TTLs for metals, PAHs, PCB, pentachlorophenol, and dioxin/furan TEQ are
generally several orders of magnitude less than the aquatic dependent wildlife TTLs (for

those chemicals where both are presented)?, indicating that the sediment concentrations

3 The fluoranthene nearshore Endangered Species Act (ESA) aquatic-dependent wildlife TTL is slightly lower
than the human TTL presented in the Sediment Evaluation Framework for the Pacific Northwest (RSET 2009).
However, the RSET (2009) population-level aquatic dependent wildlife TTL is greater than the human TTL.
Because individual ESA species are not receptors of concern at the 1&] Waterway Site, the population-level
TTLs are a more appropriate benchmark for comparison to the human health TTLs. Further, the aquatic-
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corresponding to the human TTL would be inclusively protective of aquatic-dependent
wildlife. While no aquatic life dependent cPAH TTL is available to compare to the human
TTL, Ecology has not identified cPAH or benzo(a)pyrene (as a surrogate) as a chemical that
may pose a risk to aquatic dependent receptors at levels lower than may present an
unacceptable risk to human health (Ecology 2013b). Elevated concentrations of non-
carcinogen PAH and other bioaccumulative chemicals collocated with cPAH in Site
sediments will be addressed with remedies developed for cPAH. For these reasons, it is
expected that the cPAH RBC developed for the human health RME seafood consumption

scenario will also be protective of exposure of aquatic dependent wildlife foraging at the Site.

dependent TTLs were based on mink, which is not present in the 1&] Waterway Site. RSET (2009) also presents
population-level TTLs for sea otter and harbor seal, two aquatic dependent wildlife species that have a greater
potential to use the I&] Waterway Site. The RSET (2009) TTLs for otter and seal are greater than the mink
TTL.
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SCO Development

4 SCO DEVELOPMENT

For a given chemical, the SCO is determined based on the highest of the following:

o The lowest appropriate RBCs for protection of human health for the 1x10¢ ELCR
threshold and/or a HQ of 1, benthic organisms (WAC 173-204-320 for SCO), or
ecological receptors

e Background

e PQLs

4.1 Risk-based Levels

Carcinogenic ELCR and non-carcinogenic health effects were evaluated separately because of
differences in assumptions about the mechanism of these toxic effects. The toxicity values
used to evaluate exposure to chemicals with non-carcinogenic and carcinogenic effects are
RfDs and the CPFs, respectively. All toxicity values were taken from the CLARC database
(Ecology 2012) unless otherwise specified.

Carcinogenic chemicals are assumed to have no threshold for carcinogenicity. Carcinogenic
risks are presented as the chance of contracting cancer over a 75-year lifetime due to Site-
related exposure. These risks are considered by the U.S. Environmental Protection Agency
(EPA) to be excess cancer risks that are in addition to the national rates of cancer for the
general population. Carcinogenic-based sediment screening values were calculated using

1x10-6 cancer risk, consistent with SMS guidance for developing human health-based SCO.

Chemicals exhibiting non-carcinogenic health effects are considered threshold chemicals,
indicating that a critical chemical dose must be exceeded before adverse health effects occur.
The potential for non-carcinogenic health effects to occur from exposure to a chemical is
represented by the ratio of the estimated chemical intake to the RfD, and is expressed as a
HQ. Exposures resulting in a HQ less than or equal to 1 are unlikely to result in non-

carcinogenic adverse health effects.

4.1.1 Seafood Consumption Risk Levels

The cPAH TEQ sediment RBC for the seafood consumption pathway was calculated using
Equations 1 through 1.4 shown in the following paragraphs. The individual PAHs
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SCO Development

comprising the cPAH TEQ have unique biota sediment accumulation factors (BSAF) and
relative potencies and are present in Site sediments in varying concentrations. To calculate a
cPAH TEQ RBC for the Site, the default equation (Ecology 2013b) was re-arranged to first
calculate the current total cPAH TEQ ELCR from the mean* individual cPAH
concentrations. The current mean Site sediment concentrations were then multiplied by the
target ELCR (1x10-¢ for the SCO) and divided by the current total cPAH TEQ ELCR. This
resulted in individual PAH sediment values with ELCRs that sum to the target ELCR
(1x10¢). The protective sediment concentrations for the individual PAH were then adjusted

by their respective TEFs and summed to express the protective sediment concentration in
terms of cPAH TEQ.

Equation 1

g
Csed, X ELCR
RBCpan TEQ = Z I( a Target> % TEFal

=1 ELCRCPAH TEQ
Equation 1.1
g
ELCRCPAH TEQ = Z ELCRa
a=1

Equation 1.2
ELCR, = CPFo, X CDI,

Equation 1.3

CDI. = i(Ca,k XFCRkXEFXEDXFDFkXSUFkXUCF)
0=

L AT, X BW

Equation 1.4
Cox = SLx X BSAF, ) X CsedOC,

“The cPAH averages were calculated from all waterway samples with the exception of sample IJ12-11, which
was located outside of the Site. The cPAH averages were calculated after first averaging parent and field
duplicates. Average benzo(b)fluoranthene and benzo(k)fluoranthene concentrations were calculated from
samples collected in 2005/2006.
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Where:

ATe= Cancer averaging time (days)

BSAF.,« = Biota sediment accumulation factor of a? individual cPAH for &%seafood
type (grams organic carbon [g-OC]/grams lipid [g-lipid])

BW = Body weight (kilograms [kg])

Cak = Tissue concentration of az* individual cPAH in 4" seafood type (milligrams per
kilogram [mg/kg])

Csed.= Average Site concentration of a% individual cPAH (mg/kg)

CsedOC.= Average Site organic carbon normalized concentration a individual cPAH
(mg/kg-OC)

CDI. = Chronic daily intake of 2 individual cPAH (mg/kg-day)

CPFo. = Oral cancer potency factor of a# individual cPAH (mg/kg-day)!

ELCR: = Excess lifetime cancer risk for a* individual cPAH (unitless)

ELCRcranteq= Current Site cPAH TEQ excess lifetime cancer risk (unitless)

ELCRrarge: = Target total excess lifetime cancer risk (1x10¢, unitless)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

FCR« = Consumption rate of &% seafood type (g/day)

FDF« = Diet fraction of &% seafood type (proportion)

RBCcpan tEQ = Sediment cPAH TEQ risk-based concentration (mg/kg)

SL« = Lipid fraction of &% seafood type (gram per gram [g/g])

SUF« = Site use factor of & seafood type (proportion)

TEF. = Toxicity equivalency factor of a” individual cPAH (unitless)

UCF = Conversion factor (0.001 kg/g)

Values for each of the listed parameters are presented in Table B-2a and B-2b. The cPAH
TEQ RBC is presented in Table B-4.
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4.1.1.1 Site-specific Parameters

The Site-specific parameters used in the seafood consumption risk equation are described
below. The Ecology default values for all other parameters were used. All parameters used
are included in Tables B-2a and B-2b.

41.1.11 Seafood Consumption Rates, Diet Fraction, and Site Use Factors

Fish and shellfish consumption rates for shellfish, crabs, and bottomfish were 38.5 grams per
day (g/day), 23.4 g/day, 38.5 g/day, and 7.8 g/day, respectively, based on the 90th percentile
rates from the Tulalip Tribe Seafood Consumption study and an average Tulalip tribal
member adult body weight® of 81.8 kg (Toy et al. 1996) for use in developing the cPAH TEQ
RBC. The consumption rates used for the 1&] Waterway Site were 45 g/day for clam,

27.3 g/day for crabs, and 9.1 g/day for fish. Mobile crabs and bottomfish that could be
potentially caught in I1&] Waterway were assumed to have a 10-square kilometer (km?)
unconstrained home range. The 1&] Waterway Site consists of 0.016-km? area, or 0.2% of
the 10-km? home range. Crab and fish would therefore be expected to utilize I&] Waterway
for only a small portion of the time, given the relatively small area of the Site compared to
the home range. The RBC was developed for the Site using crab and fish site use factors
(SUF) of 0.01 and the Ecology default diet fractions (DF) of 1.

1&] Waterway has a small beach (approximately 250 feet by 155 feet; -4 feet MLLW to the
vegetated berm) at the head of the Waterway. While it is possible that the relatively small
intertidal area could support a limited clam population, shellfish densities are low along the
eastern shore of Bellingham Bay and geoduck do not occur in I1&] Waterway (discussed in
Section 3.2.2 of the RI). Because of the constrained clam habitat in I&] Waterway, a clam DF

of 0.1 was used. Clams are sessile organisms and therefore a SUF of 1.0 was used.

4.1.1.1.2 Cancer Potency Factors

To be consistent with the MTCA cPAH TEQ approach, the individual cPAH CPFs were
calculated by adjusting the benzo(a)pyrene CPF (7.3 [mg/kg-day]™!) by the individual cPAH
TEF. The cPAH-specific CPFs are included in Chart 1.

> Weighted average of female and male adult tribal members.
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Chart1
Model Toxics Control Act cPAH Toxicity Equivalency Factor and
Adjusted Cancer Potency Factor

Chemical CAS Number TEF CPF (mg/kg-day)?

Benz[a]anthracene 56-55-3 0.1 0.73
Benzo[a]pyrene 50-32-8 1 7.3

Benzo[b]fluoranthene 205-99-2 0.1 0.73
Benzo[k]fluoranthene 207-08-9 0.1 0.73
Chrysene 218-01-9 0.01 0.073
Dibenz[a,h]anthracene 53-70-3 0.1 0.73
Indenol[1,2,3-cd]pyrene 193-39-5 0.1 0.73

Notes:

CPF = Cancer potency factor

mg/kg-day = milligrams per kilogram per day
TEF = toxic equivalency factor

41.1.1.3 Biota-Sediment Accumulation Factors

The extent of aquatic biota non-polar chemical bioaccumulation from sediment is typically
expressed using BSAF. BSAF is the ratio between the concentration of a nonpolar organic
chemical in the total extractable lipids of an organism (normalized to the lipid fraction), to

the concentration in sediment normalized to the organic carbon content of sediment.

The BSAF that were used to model clam, crab, and bottomfish tissue concentrations were

developed using BSAF data from the following two sources:

o EPA Office of Research and Development (ORD) BSAF database of synoptic tissue
and sediment data from a subset of national Superfund sites

e USACE Environmental Research Development Center (ERDC) BSAF database
(USACE 2013b) of literature-reported studies

Selection of records within these databases was based on the following guidelines:

e ERDC data must have variance estimate to be selected
e Basis must be known
e Conversion between wet or dry weight basis is assumed to be 80 percent tissue

moisture or 60 percent sediment moisture content
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The clam BSAF used for this analysis were derived from the clam and oyster species included
in the databases, including hard clam (Mercenaria mercenaria and Pitar morrhuana),
macoma clam (Macoma nasuta), venus clam ( Venerupis philippinarum), asian clam
(Potamocorbula amurensis), and eastern oyster (Crossostrea virginica). The brackish water
clam (Rangia cuneata) BSAF were excluded due to potential data quality issues. An outlier
evaluation was conducted using the distribution platform in JMP software. An outlier
boxplot evaluation was conducted and outliers from both the high and low tails were
identified. Outliers were removed from the dataset. The final dataset included 160
individual clam and oyster BSAF. The individual cPAH BSAF values were derived as the
mean value from all clam and oyster species. Each final cPAH BSAF was based on the mean
of a minimum of 11 individual values. Sufficient individual BSAF values for
benzo(b)fluoranthene and benzo(k)fluoranthene were not available in the ORD or ERDC
databases, so the evaluation of these BSAF values were selected on the basis of the organic
carbon-water partitioning coefficient (Koc) values reported by EPA (2003). The cPAH
compound with the closest matching Koc for benzo(b)fluoranthene and
benzo(k)fluoranthene was benzo(a)pyrene. Therefore, the BSAF for these compounds were
set equal to the BSAF for benzo(a)pyrene. The Koc and literature-derived BSAF are provided
in Table B-2b.

The databases did not include whole-body BSAF for bottomfish species inhabiting
Bellingham Bay. As an alternative, whole-body BSAF for other demersal fish were used,
including brown bullhead (/ctalurus nebulosus), channel catfish (Ictalurus punctatus),
common carp (Cyprinus carpio), and white sucker (Catostomus commersoni). An outlier
evaluation was conducted using the distribution platform in JMP software. An outlier
boxplot evaluation was conducted and outliers from both the high and low tails were
identified. Outliers were removed from the dataset. The final dataset included 80 individual
BSAF for cPAH. The individual cPAH chemical-specific BSAF values were derived as the
mean value from all bottomfish specifies. Each final chemical BSAF was based on the mean

of a minimum of 10 individual bottomfish values.

No Pacific crab species BSAF data were available from the databases. Limited (one to six

BSAF per chemical) BSAF are available for other crustacean species, including crayfish and
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SCO Development

fiddler crab. Due to limited available data and potential data quality issues, these BSAF were
not used. The individual cPAH BSAF developed for bottomfish were used as a surrogate.
Similar to bottomfish, crabs have enzymes capable of metabolizing PAH; however, they
metabolize PAH less efficiently than bottomfish (Stegeman and Lech 1991). A safety factor
of 5 was applied to the bottomfish BSAF to account for this uncertainty.

41.1.14 Seafood Lipid Content

Lipid data for marine/estuarine mollusks, bottom feeding fish, and crab were obtained from
the tissue lipid summary provided by the USACE Waterway Experiment Station (WES)
BSAF database. The WES database summarizes lipid data for different species groups (e.g.,
bottom feeding fish, marine crustaceans, and marine mollusks). The lipid data selected were
based on average whole-body wet weight measurements that were reviewed for data quality
and designated as useable by WES. The average percent lipid content for marine/estuarine
mollusks, marine crustaceans, and bottom feeding fish were 1.42, 2.45, and 3.84, respectively.
These values were used for modeling clam, crab, and bottomfish tissue cPAH concentrations

using Equation 1.4.

4.1.1.1.5 Sediment Fraction Organic Carbon

The sediment fraction organic carbon used was the mean of Site surface samples with the
exception of sample IJ12-11, which was located outside of the Site. The Site mean was
calculated after first averaging the parent and field duplicate samples. The Site mean fraction

organic carbon was 0.028 g/g.

4.1.2 Incidental Ingestion and Dermal Contact Risk Levels

For the incidental ingestion and dermal contact pathways, Equations 2 and 3 (Ecology 2013b)

were used to calculate the carcinogenic and non-carcinogenic sediment RBCs, respectively.

Equation 2
RBC _ CR X BW X AT,
cancer IR X AB X CPFo SA X AF X ABS X CPFd
BF x BD x |(F—er—) + UCF )
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SCO Development

Where:

AB = Gastrointestinal absorption fraction (unitless)
ABS = Dermal absorption fraction (unitless)

AF = Sediment to skin adherence factor (mg/kg?-day)
ATe= Cancer averaging time (days)

BW = Body weight (kg)

CPFo = Oral cancer potency factor (mg/kg-day)
CPFd = Dermal cancer potency factor (mg/kg-day!)
CR = Cancer risk (unitless)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

IR = Ingestion rate (mg/day)

RBCeancer = Risk-based concentration for carcinogenic mechanism of toxicity (mg/kg)

SA = Dermal surface area (square centimeter [cm?])
UCF = Conversion factor (1,000,000 mg/kg)

Equation 3

RBCNoncancer

_/ HQ X BW X AT,

\
"\ [ = 52 (o) - i)

Where:

AB = Gastrointestinal absorption fraction (unitless)
ABS = Dermal absorption fraction (unitless)

AF = Sediment to skin adherence factor (mg/kg?-day)
AThne = Noncancer averaging time (days)

BW = Body weight (kg)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

HQ = Hazard Quotient (1 unitless)

IR = Ingestion rate (mg/day)
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SCO Development

RBCroncancer = Risk-based concentration for non-carcinogenic mechanism of toxicity
(mg/kg)

RfDd = Dermal reference dose (mg/kg-day)

RfDo = Oral reference dose (mg/kg-day)

SA = Dermal surface area (cm?)

UCF = Conversion factor (1,000,000 mg/kg)

Values for each of the listed parameters are presented in Table B-3. The benzo(a)pyrene and
2,3,7,8- tetrachlorodibenzodioxin (TCDD) CPFs were used to calculate the direct contact and
incidental ingestion RBCs for cPAH TEQ and total dioxin/furan TEQ, respectively. The SCO
RBCs are presented in Table B-4.

4.1.2.1 Site-specific Parameters

The Site-specific parameter used in the incidental ingestion and dermal contact risk
equations is described below. The Ecology default values were used for the other

parameters. All parameters used are included in Table B-3.

4.1.2.1.1 Clamming Exposure Frequency

Section 4.1.1.1.1 above describes the Site habitat limitations prohibiting a clam diet fraction
equivalent to the Ecology default value of 1. For the seafood consumption exposure
pathway, it was estimated that the I&] Waterway beach could potentially support
approximately 0.1 of the clam diet fraction (28.4 g/day, 365 days/year). For the dermal
contact and incidental ingestion adult clamming scenario, this assumption was converted to
terms of days per year (i.e., the Site could support a clam diet fraction of 1, 36.5 days of the
year). This value was conservatively adjusted by two with the assumption that an adult
clammer could potentially collect half of their daily take on any given day. A Site-specific

exposure frequency of 74 days/year was used for the clamming exposure pathway.

42 PQL

SMS allows consideration of the PQL in establishing the SCLs when a COC concentration
determined to be protective cannot be reliably detected using state-of-the-art currently

available analytical instruments and methods (WAC 173-204-505(15)). In simpler terms, the
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SCO Development

PQL is the minimum concentration for an analyte that can be reported with a high degree of
certainty. If natural background or the risk-based SCO is below the concentration at which a
contaminant can be reliably quantified, then the SCO for that contaminant may default to
the analytical PQL. MTCA defines the PQL as the following:

...the lowest concentration that can be reliably measured within specified limits of
precision, accuracy, representativeness, completeness, and comparability during

routine laboratory operating conditions, using department approved methods
(WAC 173-340-200).

Table B-4 includes the specific PQLs. These PQLs are based on specific reporting limits at
the I&] Waterway Site and recommended PQLs in the SCUM II guidance (Ecology 2013b).

4.3 Natural Background
Natural background values were adopted from the SCUM II Table 11-1 (Ecology 2013b).

These natural background concentrations were derived as the 90/90 upper tolerance limit
(UTL) of the Dredged Material Management Program (DMMP) OSV Bold Survey data
(DMMP 2009) and additional datasets selected by Ecology (collectively referred to as the
“BOLD Plus” dataset; Ecology 2013b). Natural background concentrations are included in
Table B-4.
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5 CSLDEVELOPMENT

For a given chemical, the CSL is based on the highest of the following:

o The lowest appropriate RBCs for protection of human health corresponding to a
1x10° ELCR threshold and/or a HQ of 1, benthic organisms (WAC 173-204-562 for
CSL), or ecological receptors

e Regional background

e PQLs

5.1 Risk-based Levels

The methods for developing human health CSL RBC were similar to methods used to
calculate SCO RBCs as described in Section 4, with the exception that a target cancer risk of
1x107 is used for carcinogenic chemicals instead of 1x10¢. A HQ of 1 is used for
development of both the SCO and CSL RBC, and the RBCs for non-carcinogens will
therefore be the same for the SCO and CSL. The CSL RBCs are included in Table B-4.

5.2 PQL

The PQLs are described in Section 4.3. The PQLs are the same for the development of both
the SCO and CSL.

5.3 Preliminary Regional Background

Ecology recognizes that natural and man-made hazardous substance concentrations can
occur at a site in excess of natural background concentrations but are not the result of
controllable local Site-related releases. The SMS defines the term “regional background” as
concentrations that are consistently present in the environment in the vicinity of a site that
are attributable to “diffuse nonpoint sources, such as atmospheric deposition or storm water,
not attributable to a specific source or release.” SMS allows upward adjustment of cleanup

levels to regional background.

Regional background concentrations have not yet been developed for Bellingham Bay by
Ecology. For the purposes of this evaluation, preliminary regional background values were

developed from data available in Ecology’s Environmental Information Management (EIM)
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database for cPAH TEQs and dioxin/furan TEQs. The MTCA TEFs and one-half the

detection limit for undetected chemicals were used for calculating the TEQs.

EIM was queried for all sediment data available for Bellingham Bay. Consistent with
Ecology’s guidance on temporal relevancy of environmental data, samples collected before
2003 (older than 10 years) were excluded from the dataset. Only samples collected from
within the top 0- to 1-foot interval, and further than 1,000 feet from the shoreline, were
retained in the dataset. The cPAH TEQs were calculated for only those samples with all
cPAH reported. Lab replicates and field duplicates (in that order) were averaged prior to
derivation of the background concentration. Following methods described in SCUM II
(Ecology 2013b), regional background values were calculated as the 90/90 UTL using ProUCL
version 5 software (EPA 2013). Both the cPAH TEQ and dioxin/furan TEQ datasets
approximated a normal distribution at a 5% significance level and the normal distribution
background statistic was used as the regional background concentration. Tables B-5 and B-6
include the samples used to calculate the cPAH TEQ and dioxin/furan TEQ regional
background values, respectively. Figures B-1 and B-2 show the cPAH TEQ and dioxin/furan

TEQ sample locations, respectively. Chart 2 includes the preliminary regional background

values.
Chart 2
Bellingham Bay Preliminary Regional Background
Preliminary Regional
Number of Background
Chemical Samples (dry weight) Statistic

cPAH TEQ 38 70 pg/kg normal distribution 90/90 UTL

Dioxin/Furan TEQ 35 16 ng/kg normal distribution 90/90 UTL
Notes:

ug/kg = microgram per kilogram

cPAH = carcinogenic polycyclic aromatic hydrocarbons
ng/kg = nanogram per kilogram

TEQ = toxic equivalents quotient

90/90 UTL = 90/90 Upper Tolerance Limit
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6 SUMMARY

The human health RBC and background concentrations derived following methods
described in this Appendix have been included in the development of the SCO and CSL for
the 1&] Waterway Site. The human health RBCs, natural and regional background values,
and PQLs are included in Table B-4. These values are referenced in Section 4 of the RI in the

screening of Site sediments and determination of Site COCs.
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Table B-1

Human and Wildlife Target Tissue Levels (mg/kg wet weight)

Bioaccumulative Chemical

SCUM II

Sediment Evaluation Framework for the Pacific Northwest

Guidance for Assessing Bioaccumulative

Chemicals of Concern in Sediment®

Aquatic-dependent
Wildlife

Human

Nearshore ESA Aquatic-
dependent Wildlife

Nearshore Population Aquatic-
dependent Wildlife

Human Health?

Bird
Individuals

Bird
Populations

Mammals
Individuals

Mammal
Population

Human
Health”

Metals

Arsenic

2.7

0.00012

2.7

14

0.00008

13

64

7.6

38

0.00076

Cadmium

0.162

8.4

42

5.6

28

0.49

Chromium

Copper

Lead

10

9.3

46

34

170

0.5

Mercury

0.02

0.02

0.03

0.012

0.074

0.15

0.12

0.2

0.049

Nickel

Silver

Zinc

PAH

2-Methylnaphthalene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(g,h,i)perylene

Benzol[b]fluoranthene

Benzo[k]fluoranthene

Benzofluoranthenes (total)

Chrysene

Dibenzo(a,h)anthracene

Fluoranthene

3.8

0.00433

3.8

19

4.8

190

950

20

Fluorene

410

0.00433

410

2,000

4.8

Indeno(1,2,3-cd)pyrene

Naphthalene

Phenanthrene

Pyrene

3.8

0.00577

3.8

19

3.6

9,500

47,000

15

cPAHTEQ

2.4E-05

PCB

Total Aroclors

0.04

8.7E-05

0.04

0.18

0.00006

1.1

3.4

0.88

1.7

0.00057

Phenols

Pentachlorophenol

8.1

0.00577

8.1

41

0.001

0.18

1.8

0.0096

Dioxin/furans

Dioxin/furan TEQ

5.00E-07

1.2E-09

5.00E-07

8.50E-06

9.20E-10

8.00E-06

4.00E-05

5.80E-07

1.60E-05

7.60E-09

Notes:

a. TTL3 protective of high-end tribal consumption

b. Lower of carcinogen or non-carcinogen Subsistance Tribal

ESA = Endangered Species Act

cPAH = carcinogenic polycyclic aromatic hydrocarbon

PAH = polycyclic aromatic hydrocarbon

c. Ecology 2013b PCB = polychlorinated biphenyls

d. RSET 2009 SCUM Il = Sediment Cleanup Users Manual Il

e. ODEQ 2007 TEQ = toxic equivalents quotient
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Table B-2a

Seafood Consumption RBC Equation Parameters

Parameter
Abbreviation Parameter Name Value Units Source
A ing Ti Carci fish
ATk veragmg' ime Carcinogen (fis 27,375 days Ecology 2013b default
consumption)
BSAF Biota-Sediment Accumulation Factor See Table B-2b g-0C/g-lipid ORD and ERDC databases (see Section 4.1.1.1.3)
. . . Weighted average (male and female) Tulalip adult body
BW aquit- Body Weight Adult (fish consumption 81.8 k
Adult-FC y Weight Adult (fish consumption) 8 weight (Toy et al., 1996)
CPFo Cancer Potency Factor (oral) See Table B-2b mg/kg-day"l CLARC (see Section 4.1.1.1.2)
CR Cancer Risk for Individual Carcinogens 1.00E-06 unitless Ecology 2013b default
ED¢c Exposure Duration Fish Consumption 70 years Ecology 2013b default
EFec Exposure Frequency Fish Consumption 365 days/year Ecology 2013b default
. ! ) Whatcom Waterway Rl (Hart Crowser 2000)
FCR Fish/Shellfish Consumption Rate (clam 45 rams/da
(clam) ish/ ! umpt (clam) grams/day consumption rate adjusted for an 81.8 kg adult
. ! ) Whatcom Waterway Rl (Hart Crowser 2000)
FCR Fish/Shellfish Consumption Rate (crab 27.3 rams/da
(erab) ish/ ! umpt (crab) grams/day consumption rate adjusted for an 81.8 kg adult
. ! ) ! Whatcom Waterway Rl (Hart Crowser 2000)
FCR; Fish/Shellfish Consumption Rate (fish 9.1 rams/da . )
(fish) ish/ ! umpt (fish) & /day consumption rate adjusted for an 81.8 kg adult
. . . . . Site specific - limited intertidal clam habitat (see
FDF Fish/Shellfish Diet Fract I 0.1 t
(clam) ish/Shellfish Diet Fraction (clam) proportion Section 4.1.1.1.1)
FDF (¢rab) Fish/Shellfish Diet Fraction (crab) proportion Ecology 2013b default
FDF fish) Fish/Shellfish Diet Fraction (fish) proportion Ecology 2013b default
. . SCUM Il Table 9-1 (Ecology policy, may be adjsuted
SUF Site Use Factor (clam 1 roportion
(clam) I ctor (clam) proport based on site-specific data)
. . Site specific. Based on the Site Area (0.016 kmz).
SUF ¢rab) Site Use Factor (crab) 0.01 proportion )
Rounded up to 0.01 proportion of 10 km” home range.
Site specific. Based on the Site Area (0.016 km?).
SUF sish) Site Use Factor (fish) 0.01 proportion Ite specitic ! ( 5 )
Rounded up to 0.01 proportion of 10 km” home range.
Average of site surface samples (excluding 1J12-11).
Sfoc Fraction of Organic Carbon in Sediment 0.028 gram/gram Field Duplicates averaged before calculating site
average
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Table B-2a

Seafood Consumption RBC Equation Parameters

Parameter
Abbreviation

Parameter Name

Value

Units

Source

SI-(clam)

Fish/Shellfish Lipid Fraction (clam)

0.01419

gram/gram

WES (see Section 4.1.1.1.4)

SI-(crab)

Fish/Shellfish Lipid Fraction (crab)

0.02447

gram/gram

WES (see Section 4.1.1.1.4)

SLfish)

Fish/Shellfish Lipid Fraction (fish)

0.0384

gram/gram

WES (see Section 4.1.1.1.4)

UCF (CDI-calculation)

Unit Conversion Factor

0.001

kg/gram

Notes:

CLARC = Cleanup Levels and Risk Calculations

ERDC = USACE Environmental Research Development Center

g =gram
kg = kilogram

kg/g = kilogram per gram

2 .
km® = square kilometer

mg/kg = milligram per kilogram

OC = organic carbon
ORD = EPA Office of Research and Development
RBC = risk-based concentration

Rl = Remedial Investigation

SCUM Il = Sediment Cleanup Users Manual Il

WES = Waterway Experiment Station
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Seafood Consumption cPAH RBC Chemical-specific Parameters

Table B-2b

Average I1&J)
Bottomfish Waterway Surface
CPF Clam BSAF Crab BSAF BSAF Sediment (Csed)
Chemical CAS number TEF (mg/kg-day)” | Log10 Koc® | (g-OC/g lipid) | (g-OC/g lipid) | (g-OC/g lipid) (mg/kg)
Benz(a)anthracene 56-55-3 0.1 0.73 5.577 0.1727 0.0061 0.0012 0.421
Benzo(a)pyrene 50-32-8 1 7.3 6.003 0.0771 0.0048 0.0010 0.289
Benzo(b)fluoranthene 205-99-2 0.1 0.73 6.16 0.0771 0.0061 0.0012 0.428
Benzo(k)fluoranthene 207-08-9 0.1 0.73 6.184 0.0771 0.0056 0.0011 0.383
Chrysene 218-01-9 0.01 0.073 5.616 0.2651 0.0075 0.0015 0.735
Dibenz(a,h)anthracene 53-70-3 0.1 0.73 6.599 0.0297 0.0065 0.0013 0.065
Indeno(1,2,3-cd)pyrene 193-39-5 0.1 0.73 6.608 0.0421 0.0055 0.0011 0.116
Notes:
a. EPA (2003; Table 3-4). Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic
Organisms: PAH Mixtures. EPA-600-R-02-013.
BSAF = biota-sediment accumulation factors
cPAH = carcinogenic polycyclic aromatic hydrocarbon
CPF = cancer potency factor
g =gram
Koc = organic carbon - water partitioning coefficient
mg/kg = milligram per kilogram
OC = organic carbon
RBC = risk-based concentration
TEF = toxic equivalency factor
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Table B-3

Direct Contact RBC Equation Parameters

Parameter
Abbreviation Parameter Name Value Units Source
1 Ecology 2013b defaults (WAC 173-340-735
AB Gastrointestinal Absorption Fraction (soil) unitless  [((Equation 745-5))
0.6 for mixtures of dioxins/furans
0.01 for inorganic hazardous Ecology 2013b defaults (WAC 173-340-735
substances ((Equation 745-5))
ABS Dermal Absorption Fraction 0.03 for dioxins/furans unitless
0.1 for other organic hazardous
substances
Sediment to Skin Adherence Factor Child Ecology 2013b default
AFchig 0.2 mg/cm’-day
Sediment to Skin Adherence Factor Adult Ecology 2013b default
AF pgutt (cD) Clam Digging 0.6 mg/cm’-day
Averaging Time Cancer (incidental Ecology 2013b default
ingestion and dermal contact) Child or
AT (inctDerm) Adult 27,375 days
Averaging Time Non-cancer (incidental Based on a 70-year exposure duration
ingestion and dermal contact) Adult Clam
ATnclinc+perm) Adutricp) |DiggING 25,550 days
Averaging Time Non-cancer (incidental Ecology 2013b default
AT c(incserm) child ingestion and dermal contact) Child 2,190 days
BW chig Body weight Child 16 kg Ecology 2013b default
BW pquit-co Body weight Adult (clam digging) 70 kg Ecology 2013b default
CPFd Cancer Potency Factor (dermal) chemical specific mg/kg-day™ [Calculated (CPFo/Gl)
CPFo Cancer Potency Factor (oral) chemical specific mg/kg-day’ |[CLARC Database
CR Cancer Risk for individual carcinogens 1.00E-06 unitless |Ecology 2013b default
Exposure Duration (incidental ingestion Ecology 2013b default
EDncspermpadutic)  |and dermal contact) Adult Clam Digging 70 Lt
Exposure Duration (incidental ingestion Ecology 2013b default
ED inc+perm)child and dermal contact) Child 6 years
1&J Site-specific value based on limited clam
Exposure Frequency (incidental ingestion 74 habitat (see Section 4.1.2.1.1)
EF incrpermiadutt (o) |@nd dermal contact) Adult Clam Digging days/year
Exposure Frequency (incidental ingestion Ecology 2013b default
EF (inc+Derm)child and dermal contact) Child 41 days/year
0.2 for inorganic hazardous Ecology 2013b defaults (WAC 173-340-745
substances (Equation 745-5))
Gl Gastrointestinal Absorption Fraction 0.8 for dioxins/furans unitless
0.5 for other organic hazardous
substances
HQ Hazard Quotient 1 unitless |Ecology 2013b default
Ingestion Rate (Sediment) Adult Clam Ecology 2013b default
IR Adut (cp) Digging 100 mg/day
IR child Ingestion Rate (Sediment) Child 200 mg/day |Ecology 2013b default
RfDd Reference Dose (dermal) chemical specific mg/kg-day [Calculated (RfDo*Gl)
RfDo Reference Dose (oral) chemical specific mg/kg-day [CLARC Database®
SApduit Dermal Surface Area Adult 3,160 cm? Ecology 2013b default
SAchiid Dermal Surface Area Child 2,200 cm? Ecology 2013b default
Unit Conversion Factor (incidental Ecology 2013b default
UCF nc+perm) ingestion and dermal contact) 1,000,000 mg/kg

Notes:

a. The dioxin/furan RfDo is from the EPA Integrated Risk Information System.

http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=1024

CLARC = Cleanup Levels and Risk Calculations

2 .
cm’ = square centimeter

kg = kilogram

mg/day = milligram per day

mg/cmz-day = milligram per square centimeter per day

mg/kg-day = milligram per kilogram per day
WAC = Washington Administrative Code
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Table B-4
Human Health Risk-Based SCO and CSL

Protection of Human Health

Via Seafood Consumption

Via Direct Contact

(bioaccumulative chemicals) Clamming (Adult) (mg/kg-dw) Beach Play (Child) (mg/kg-dw) Natural Regional Background
Backgroundd (Bellingham Bay) Applicable PQL®
Carcinogenic Carcinogenic Non-carcinogenic Carcinogenic Non-carcinogenic| (mg/kg-dw) (mg/kg-dw) (mg/kg-dw)
HQ=1, SCO,, and HQ=1, SCO,, and
Analyte CAS Number 10-6, SCOy, 10-5, SCO,y 10-6, SCO,, | 10-5, SCO,y CSLyy 10-6, SCO,, | 10-5, SCO,,, CSLyy SCO\s CSLgg SCOpq and CSLpq,
Metals
Arsenic 7440-38-2 - - 1.3 13 530 5.3 53 190 11 -- 20
Cadmium 7440-43-9 - -- -- - 1,800 - -- 640 1 - 1.7
Chromium 16065-83-1 - - - - S - - 960,000 62 - 87
Copper 7440-50-8 - - - -- 71,000 -- -- 26,000 44 -- 130
Lead 7439-92-1 - -- -- - -- - -- -- 21 - 150
Mercury 7439-97-6 -- -- -- -- 530 -- -- 190 0.2 -- 0.14
Nickle 7440-02-0 - - - - 35,000 - - 13,000 50 47
Silver 7440-22-4 - - - - 8,900 -- -- 3,200 0.3 -- 2
Zinc 7440-66-6 - - - - 530,000 - - 190,000 93 - 137
Polycyclic Aromatic Hydrocarbons
2-Methylnaphthalene 91-57-6 -- -- -- -- 2,900 -- -- 2,000 -- -- 0.223
Acenaphthene 83-32-9 -- -- -- -- 43,000 -- -- 30,000 -- -- 0.167
Acenaphthylene 208-96-8 -- -- -- -- -- -- -- -- -- -- 0.433
Anthracene 120-12-7 - - - - 220,000 - - 150,000 - - 0.32
Benz(a)anthracene 56-55-3 P b b P -- P b -- -- -- 0.433
Benzo(a)pyrene 50-32-8 b P b b - b b - - - 0.533
Benzo(g,h,i)perylene 191-24-2 P P P P -- P P -- -- -- 0.223
Benzo[b]fluoranthene 205-99-2 b b b b - b _b - - - _
Benzo[k]fluoranthene 207-08-9 P b b P -- P b -- -- -- --
Benzofluoranthenes (total) P b b P -- -- -- -- -- -- 1.067
Chrysene 218-01-9 P P P P -- P P -- -- -- 0.467
Dibenzo(a,h)anthracene 53-70-3 b P b b - b b - - - 0.077
Fluoranthene 206-44-0 - - - - 29,000 - - 20,000 - - 0.567
Fluorene 86-73-7 - - - - 29,000 - - 20,000 - - 0.18
Indeno(1,2,3-cd)pyrene 193-39-5 b P b b - b b - - - 0.2
Naphthalene 91-20-3 - - - - 14,000 - - 9,900 - - 0.7
Phenanthrene 85-01-8 - - - - - - - - - - 0.5
Pyrene 129-00-0 -- -- -- -- 22,000 -- -- 15,000 -- -- 0.867
Total HPAH - - - - - - - - - - -
Total LPAH - - - - - - - - - - -
cPAH TEQ (U=1/2) cPAH TEQ 0.061 0.61 0.11 1.1 -- 0.85 8.5 - 0.016 0.070 0.009
Other SVOCs mg/kg
1,2,4-Trichlorobenzene 120-82-1 -- -- 27 270 7,200 210 2,100 4,900 -- -- 0.031
1,2-Dichlorobenzene 95-50-1 -- -- -- -- 65,000 -- -- 45,000 -- -- 0.035
1,4-Dichlorobenzene 106-46-7 -- -- -- -- -- -- -- -- -- -- 0.037
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Table B-4

Human Health Risk-Based SCO and CSL

Protection of Human Health
Via Seafood Consumption Via Direct Contact
(bioaccumulative chemicals) Clamming (Adult) (mg/kg-dw) Beach Play (Child) (mg/kg-dw) Natural Regional Background
Backgroundd (Bellingham Bay) Applicable PQL®
Carcinogenic Carcinogenic Non-carcinogenic Carcinogenic Non-carcinogenic| (mg/kg-dw) (mg/kg-dw) (mg/kg-dw)
HQ=1, SCO,, and HQ=1, SCO,, and
Analyte CAS Number 10-6, SCO,y 10-5, SCO,,, 10-6, SCO,y | 10-5, SCOy CSL,y 10-6, SCO,, | 10-5, SCO,,, CSL,y SCOp\g CSLgs SCOpq and CSLpq
2,4-Dimethylphenol 105-67-9 -- -- -- -- 14,000 -- -- 9,900 -- -- 0.029
2-Methylphenol 95-48-7 -- -- -- -- 36,000 -- -- 25,000 -- -- 0.063
4-Methylphenol 106-44-5 -- -- -- -- 3,600 -- -- 2,500 -- 0.223
Benzoic Acid 65-85-0 - -- -- - - - -- - - -- 0.217
Benzyl alcohol 100-51-6 -- -- -- -- 72,000 -- -- 49,000 -- -- 0.057
Bis(2-ethylhexyl)phthalate 117-81-7 -- -- 55 550 14,000 440 4,400 9,900 -- -- 0.433
Butyl benzyl phthalate 85-68-7 -- -- 410 4,100 140,000 3,300 33,000 99,000 -- -- 0.021
Dibenzofuran 132-64-9 -- -- -- -- 720 -- -- 490 -- -- 0.18
Diethylphthalate 84-66-2 -- -- -- -- 580,000 -- -- 400,000 -- -- 0.067
Dimethyl phthalate 131-11-3 -- -- -- -- -- -- -- -- -- -- 0.024
Di-n-butyl phthalate 84-74-2 -- -- -- -- 72,000 -- -- 49,000 -- -- 0.467
Di-n-octyl phthalate 117-84-0 -- -- -- -- -- -- -- -- -- -- 2.067
Hexachlorobenzene 118-74-1 -- -- 0.48 4.8 580 3.9 39 400 -- -- 0.022
Hexachlorobutadiene 87-68-3 -- -- 9.9 99 720 79 790 490 -- -- 0.011
N-Nitrosodiphenylamine 86-30-6 -- -- 160 1600 -- 1,300 13,000 -- -- -- 0.028
Pentachlorophenol 87-86-5 -- -- 1.9 19 3,600 15 150 2,500 -- -- 0.12
Phenol 108-95-2 -- -- -- -- 220,000 -- -- 150,000 -- 0.14
Polychlorinated Biphenyls
Total PCBs | 1336-36-3 | - | - | 039 | 39 | - [ 31 | 31 - | 00035 | - | 0.006
Dioxins/Furans
Total Dioxin/Furan TEQ (U=1/2) | 1746-01-6 | - | = | 0.000019 | 000019 | 00018 | 0.000087 | 0.00087 000073 | 0.000004 | 0.000016 | 0.000005
Notes:
a. PQLs are based on specific reporting limits at the 1&) Waterway Site and recommended PQLs in the SCUM |l Guidance (Ecology 2012)
b. Evaluated as cPAH TEQ
c. RBC is greater than 1,000,000 mg/kg
d. Natural Background values are from SCUM Il Table 11-1 (Ecology 2013b)
cPAH = carcinogenic polycyclic aromatic hydrocarbon
CSL = Cleanup Screening Level
HPAH = high-molecular-weight polycyclic aromatic hydrocarbon
HQ = hazard quotient
LPAH = low-molecular-weight polycyclic aromatic hydrocarbon
mg/kg-dw = milligram per kilogram dry weight
PCB = polychlorinated biphenyls
PQL = practical quantitation limit
SCO = Sediment Cleanup Objective
SVOC = semi-volatile organic compound
TEQ = toxic equivalents quotient
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Table B-5

Selected Surface Sediment Samples Used to Calculate Bellingham Bay cPAH TEQ Regional Background®

Sample
Coordinate Field Sample Start End | Depth Result Result
Study ID Study Name X Coordinate Y Coordinate Type Sample Name Replicates Matrix Date Depth | Depth | Units Chemical Name Numeric | Qualifier’ | Units | Basis
NCCA National Coastal Condition Assessment 1208178.31586 | 635920.63593 | LAT/LONG WAO05-0003-1/25/2007 1 Solid/Sediment 8/1/2006 0 7 cm | Total cPAH TEQ (U =1/2) 3.46 ug/kg Dry

PSAMP_LT |The Puget Sound Assessment and Monitoring Program’s Long-Term Temporal Monitoring 1989-Present 1228592.99959 | 618845.45308 LAT/LONG 1004041-0(4_5_6_fD)* 3 Solid/Sediment | 4/22/2010 0 3 cm Total cPAH TEQ (U =1/2) 34.06 J ug/kg Dry
PSAMP_LT |The Puget Sound Assessment and Monitoring Program’s Long-Term Temporal Monitoring 1989-Present 1228592.99959 | 618845.45308 | LAT/LONG 517425(4_5_6_AV)b 3 Solid/Sediment | 4/21/2005 0 3 cm | Total cPAHTEQ (U=1/2)| 51.35 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1221555.57443 | 621292.65355 | LAT/LONG 6234230 1 Solid/Sediment 6/5/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 33.85 ug/kg Dry
PSAMP_SP [The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1226612.72713 | 625786.59238 LAT/LONG 6234231 1 Solid/Sediment 6/5/2006 0 3 cm Total cPAH TEQ (U =1/2) 39.2 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1226901.24173 | 628525.90609 | LAT/LONG 6234232 1 Solid/Sediment 6/5/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 44.23 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1222173.62194 | 633727.31806 | LAT/LONG 6234235 1 Solid/Sediment 6/5/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 41.24 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1227079.83873 | 637828.80908 | LAT/LONG 6234236 1 Solid/Sediment 6/5/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 40.24 ug/kg Dry
PSAMP_SP [The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1232752.18758 | 621121.76373 LAT/LONG 6234241 1 Solid/Sediment 6/6/2006 0 3 cm Total cPAH TEQ (U =1/2) 60.96 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1216210.62327 | 638992.87311 | LAT/LONG 6234243 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 19.26 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1222032.89248 | 640949.65947 | LAT/LONG 6234244 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAH TEQ (U =1/2) 15.4 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1229684.49980 | 644147.50807 | LAT/LONG 6234245 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 11.16 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1237047.49542 | 639418.18726 | LAT/LONG 6234246 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 71.31 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1237440.93620 | 642865.54214 | LAT/LONG 6234247 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 24.32 ug/kg Dry
PSAMP_SP |The Puget Sound Assessment and Monitoring Program's (PSAMP) Spatial/Temporal Monitoring 2002-Present 1216133.90813 | 634367.20312 | LAT/LONG 6234248 1 Solid/Sediment 6/7/2006 0 3 cm | Total cPAHTEQ (U=1/2)| 23.44 ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1212373.65875 | 638849.19984 | LAT/LONG 1006020-01 1 Solid/Sediment 6/8/2010 0 3 cm | Total cPAH TEQ (U =1/2) 3.20 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1212015.11548 | 640780.71225 | LAT/LONG | 1006020-02_B10G016-DUP1° 2 Solid/Sediment 6/8/2010 0 3 cm | Total cPAH TEQ (U =1/2) 5.71 J ug/ke Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1228692.34547 | 645979.57425 | LAT/LONG 1006020-03 1 Solid/Sediment | 6/10/2010 0 3 cm | Total cPAH TEQ (U =1/2) 1.59 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1235269.41124 | 643313.14275 | LAT/LONG 1006020-04 1 Solid/Sediment | 6/14/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 17.94 ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1235160.90503 | 644311.77904 LAT/LONG 1006020-06 1 Solid/Sediment | 6/15/2010 0 3 cm Total cPAH TEQ (U =1/2) 28.1 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1237389.40795 | 642037.17099 | LAT/LONG 1006020-07 1 Solid/Sediment | 6/15/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 43.62 J ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1237985.96609 | 641724.98503 LAT/LONG 1006020-08 1 Solid/Sediment | 6/15/2010 0 3 cm Total cPAHTEQ (U=1/2)| 42.85 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1234564.35212 | 638657.41075 | LAT/LONG 1006020-10 1 Solid/Sediment 6/9/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 45.06 J ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1235523.11231 | 636687.74761 LAT/LONG 1006020-11 1 Solid/Sediment 6/9/2010 0 3 cm Total cPAHTEQ (U=1/2)| 92.57 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1234340.83350 | 634396.25684 | LAT/LONG 1006020-12 1 Solid/Sediment 6/9/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 97.61 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1227223.26774 | 633848.93545 | LAT/LONG 1006020-13 1 Solid/Sediment | 6/10/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 43.04 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1227102.26399 | 630906.62394 | LAT/LONG 1006020-14 1 Solid/Sediment 6/9/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 36.21 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1222022.85501 | 630217.49058 | LAT/LONG 1006020-15 1 Solid/Sediment 6/8/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 32.95 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1229614.78799 | 644148.68589 | LAT/LONG 1006020-16 1 Solid/Sediment | 6/11/2010 0 3 cm | Total cPAH TEQ (U =1/2) 9.31 J ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1237098.90894 | 637773.78860 LAT/LONG 1006020-20 1 Solid/Sediment | 6/10/2010 0 3 cm Total cPAH TEQ (U =1/2) 64.00 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1222032.89248 | 640949.65947 | LAT/LONG 1006020-21 1 Solid/Sediment 6/9/2010 0 3 cm | Total cPAH TEQ (U =1/2) 8.70 J ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1237047.49542 | 639418.18726 LAT/LONG 1006020-22 1 Solid/Sediment 6/11/2010 0 3 cm Total cPAH TEQ (U =1/2) 48.11 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1222173.62194 | 633727.31806 | LAT/LONG 1006020-24 1 Solid/Sediment 6/8/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 31.12 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1216133.90813 | 634367.20312 | LAT/LONG 1006020-25 1 Solid/Sediment 6/8/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 16.98 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1227079.83873 | 637828.80908 LAT/LONG 1006020—26_B10H104—DUP1d 2 Solid/Sediment 6/9/2010 0 3 cm Total cPAH TEQ (U =1/2) 28.18 J ug/kg Dry
UWI2010 ([Urban Waters Initiative, Sediment Quality in Bellingham Bay 1216210.62327 | 638992.87311 | LAT/LONG 1006020-27 1 Solid/Sediment 6/8/2010 0 3 cm | Total cPAH TEQ (U =1/2) 9.49 J ug/kg Dry
UWI2010 |Urban Waters Initiative, Sediment Quality in Bellingham Bay 1237440.93620 | 642865.54214 LAT/LONG 1006020-29 1 Solid/Sediment | 6/15/2010 0 3 cm Total cPAH TEQ (U =1/2) 34.34 J ug/kg Dry
UWI2010 [Urban Waters Initiative, Sediment Quality in Bellingham Bay 1234440.66324 | 643949.81231 | LAT/LONG 1006020-30 1 Solid/Sediment | 6/15/2010 0 3 cm | Total cPAHTEQ (U=1/2)| 14.47 J ug/kg Dry

Notes: B

a. Sample name assigned by Anchor QEA. Result is the average of apparent field duplicate samples 1004041-04, 1004041-05, and 1004041-06.

b. Sample name assigned by Anchor QEA. Result is the average of apparent field duplicate samples 5174254, 5174255, and 5174256.

c. Sample name assigned by Anchor QEA. Result is the average of apparent field duplicate samples 1006020-02 and B10G016-DUP1.

d. Sample name assigned by Anchor QEA. Result is the average of apparent field duplicate samples 1006020-26 and B10H104-DUP1.

e. The normal distribution 90/90 UTL. Background statistic calculated in ProUCL.

f. Qualifier adopted from Environmental Information Management database.

ug/kg = microgram per kilogram

cPAH = carcinogenic polycyclic aromatic hydrocarbon

J = Estimated concentration

TEQ = toxic equivalents quotient
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Table B-6
Selected Surface Sediment Samples Used to Calculate Bellingham Bay Dioxin/Furan TEQ Regional Background®

Sample
Coordinate Sample Start End Depth Result Result Basis
Study ID Study Name X Coordinate Y Coordinate Type Sample Name Matrix Date Depth | Depth | Units Chemical Name Numeric | Qualifier Units
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1237078.74000 642566.98992 | LAT/LONG BBDx-SS-02 Solid/Sediment | 9/19/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 3.21 ng/kg Dry
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1237644.31006 638732.05993 LAT/LONG BBDx-SS-03 Solid/Sediment | 9/19/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 14.3 ng/kg Dry
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1232478.72984 643795.14987 | LAT/LONG BBDx-SS-01 Solid/Sediment | 9/19/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 1.5 ng/kg Dry
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1233722.85990 637137.63989 LAT/LONG BBDx-SS-04 Solid/Sediment | 9/19/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 12.7 ng/kg Dry
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1229401.50010 636558.87989 | LAT/LONG BBDx-SS-05 Solid/Sediment | 9/18/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 12 ng/kg Dry
Bellinghambay08 Bellingham Bay Creosote Piling and Structure Removal Evaluation, Hart Crowser Sediment Investigation 1235086.13014 633754.72999 LAT/LONG BBDx-SS-06 Solid/Sediment | 9/18/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 7.39 ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1234559.23716 638650.42394 | LAT/LONG UWI 29 Solid/Sediment 6/9/2010 0 11 cm Total Dioxin/furan TEQ (U=1/2) 5.94 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1230908.96067 636212.53643 LAT/LONG BBDIOX-1A Solid/Sediment | 6/15/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 10.63 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1230681.26657 626984.82785 LAT/LONG BBDIOX-10 Solid/Sediment 6/9/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 10.73 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1229612.35664 644160.23247 | LAT/LONG Uwi 35 Solid/Sediment | 6/11/2010 0 10 cm Total Dioxin/furan TEQ (U=1/2) 1.33 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1232617.69315 641466.44882 | LAT/LONG BBDIOX-5 Solid/Sediment | 6/15/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 1.6 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1230370.19206 639143.88457 | LAT/LONG BBDIOX-6 Solid/Sediment | 6/11/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 2.65 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1230679.66749 631291.02724 LAT/LONG BBDIOX-11 Solid/Sediment 6/9/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 6.63 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1227082.41747 637830.03155 LAT/LONG uwi 277 Solid/Sediment 6/9/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 5.62 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1232833.77900 645804.40766 | LAT/LONG BBDIOX-2 Solid/Sediment | 6/10/2010 0 9 cm Total Dioxin/furan TEQ (U=1/2) 0.54 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1235530.36678 636695.09222 LAT/LONG UWI 30 Solid/Sediment 6/9/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 17.01 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1225217.01995 644002.56809 | LAT/LONG BBDIOX-3A Solid/Sediment | 6/15/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 0.55 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1227211.08355 633849.39712 | LAT/LONG uwi 32 Solid/Sediment | 6/10/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 2.55 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1234345.27237 634385.41672 LAT/LONG uwl 31 Solid/Sediment 6/9/2010 0 11 cm Total Dioxin/furan TEQ (U=1/2) 14.22 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1235264.33811 643306.14921 | LAT/LONG uwi 23 Solid/Sediment | 6/14/2010 0 11 cm Total Dioxin/furan TEQ (U=1/2) 1.37 ) ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1237980.77199 641714.35285 LAT/LONG uwl 27 Solid/Sediment | 6/15/2010 0 9 cm Total Dioxin/furan TEQ (U=1/2) 0.86 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1230694.17764 634137.16492 LAT/LONG BBDIOX-9 Solid/Sediment | 6/10/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 9.87 J ng/kg Dry
BELSEDDF Dioxins and Furans in Surface Sediments of Bellingham Bay 1228065.07200 641858.95492 | LAT/LONG BBDIOX-4 Solid/Sediment | 6/11/2010 0 12 cm Total Dioxin/furan TEQ (U=1/2) 1.48 ) ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225548.14593 635046.69263 LAT/LONG BBTO6 Solid/Sediment 7/20/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 6.76 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225548.14003 634045.77731 LAT/LONG BBTO05 Solid/Sediment | 7/20/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 7.24 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225548.13445 633167.78103 LAT/LONG BBTO4 Solid/Sediment 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 7.01 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225548.12887 632219.54540 LAT/LONG BBP03 Solid/Sediment | 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 6.98 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1223072.12693 629761.17564 LAT/LONG BBP04 Solid/Sediment 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 5.2 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225530.53737 627056.92810 LAT/LONG BBPO1 Solid/Sediment | 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 5.48 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1228375.30432 629708.45396 LAT/LONG BBP02 Solid/Sediment 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 8.51 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1233507.04143 635583.44123 LAT/LONG BBBO1 Solid/Sediment | 7/20/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 21.97 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1231571.25954 629743.54838 LAT/LONG BBB02 Solid/Sediment 7/20/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 10.49 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1225542.31392 629750.62711 LAT/LONG BBZ01 Solid/Sediment | 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 6.1 ng/kg Dry
DMMP_Dioxin_2005-07 |DNR Dioxin Study 1218421.27928 624828.32199 LAT/LONG BBB04 Solid/Sediment 7/19/2007 0 10 cm Total Dioxin/furan TEQ (U=1/2) 4.34 ng/kg Dry
WWPRDIO8 Whatcom Waterway Pre-Remedial Design Investigation 1238568.30001 640047.70002 LAT/LONG 1B-01-SS Solid/Sediment | 8/20/2008 0 12 cm Total Dioxin/furan TEQ (U=1/2) 135 ng/kg Dry
Notes:
a. The normal distribution 90/90 UTL. Background statistic calculated in ProUCL.
cm = centimeter
J = Estimated concentration
ng/kg = nanogram per kilogram
TEQ = toxic equivalents quotient
Appendix B: Human Health SCO and CSL Development October 2014
1&] Waterway Site 1of1 090007-01.02
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NOTES:

cPAH TEQ data sources:

- National Coastal Condition
Assessment (NCCA)

- The Puget Sound Assessment and
Monitoring Program's (PSAMP)
Spatial/Temporal Monitoring 2002-
Present (PSAMP-SP)

- The Puget Sound Assessment and
Monitoring Program's Long-Term
Temporal Monitoring 1989-Present
(PSAMP-LT)
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NOTES:

1. Dioxin/Furan TEQ data
sources:

- 1&J Waterway 2013
(IIWaterway2013)

- Whatcom Waterway Pre-
Remedial Design Investigation
(WWPRDIO08)

- Dioxins and Furans in Surface
Sediments of Bellingham Bay
(BELSEDDF)

- DNR Dioxin Study
(DMMP_Dioxin_2005-07)

- Bellingham Bay Creosote
Piling and Structure Removal
Evaluation, Hart Crowser
Sediment Investigation
(Bellinghambay08)

©  Sample Locations
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Figure B-2

Dioxin/Furan TEQ Regional Background Sample Locations

Miles Draft RI/FS Report
I1&J Waterway Site

Port of Bellingham, WA



APPENDIX C

RI/FS WORK PLAN (2005) FIGURE
SUMMARIZING PREVIOUS SURFACE
SEDIMENT EXCEEDANCES




User: astenberg  Plotted- Mar 04, 2005 — 10:35am  Xref's:

File: H:\ 18449\ 184495008.dwg  Layout: Layout!
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PORT OF BELLINGHAM
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[} bis(2)ph_]476 ] l \BERTH AREA
PORT PROPERTY
(BORNSTEIN SEAFOODS)
STORMWATER gics(;%;h
OUTFALL
XA < \/7 OLVINE SITE e~
Fluorant
Nickel
LEGEND PARAMETER SQS MCUL
PREVIOUS CHEMICAL DATA DETECTED A HC—SS—47 PREVIOUS SEDIMENT GRAB SAMPLE Acenaphthene (ppm TOC) 16 57
BETWEEN SQS AND MCUL (HART CROWSER, 1997) Anthracene (ppm TOC) 220 1200
476 ZEE\\//\EOUMSCSLHEM\CAL DATA DETECTED 063 PHASE 2 SURFACE SEDIMENT GRAB SAMPLE Fluorene (ppm TOC) 23 79 R
O 06-10 PHASE 2 SVOC/TOC ANALYSIS ONLY Phenanthrene (ppm TOC) 100 480 '
REEZEY  pocks OR PIERS
bis(2—Ethylhexyl)phthalate EXCEEDS CHEMICAL SQS Total LPAH (ppm TOC) 370 780 AT 0G-01,
[ ] EXISTING STRUCTURES S CRITERIA (47ppm TOC) Benzo(a)anthracene (ppm TOC) 110 270
EXISTING SHORELINE |:| bis(2—Ethylhexyl)phthalate EXCEEDS CHEMICAL Chrysene (ppm TOC) 110 460
BATHYMETRY (FEET BELOW MLLW MCUL CRITERIA (78ppm TOC) Fluoranthene (ppm TOC) 160 1200
PER WHATCOM WATERWAY RI/FS REPORT) |:| bis(2—Ethylhexyl)phthalate EXCEEDS 5 TIMES Total HPAH (ppm TOC) 960 5300
CURRENT OLIVINE UPLAND SITE BOUNDARY CHEMICAL MCUL CRITERIA (390ppm TOC) Dibenzofuran (ppm TOC) 15 58
| & J WATERWAY BOUNDARY bis(2-Ethylhexyl)phthalate (ppm TOC) 47 78
Phenol (mg/kg) 0.42 1.2
Nickel (mg/kg) PSDDA SL= 140*

AV RETEC

0 30 60 120

S e —

SCALE IN FEET

DETECTED AT STATION AN—SS—45.
EFFECTS CRITERIA WERE PREVIOUSLY DETECTED AT STATION AN—SS—47.

ABBREVIATION:

bis(2)ph = bis(2—Ethylhexyl)phthalate
Acenaph = Acenaphthene
Anthrcn = Anthracene
Fluorene = Fluorene

phenanth = Phenanthrene
Tot LPAH = Total LPAH
Benzo(a) = Benzo(a)anthracene
Chrysene = Chrysene

Fluorant = Fluoranthene
Tot HPAH = Total HPAH
Dibenzof = Dibenzofuran

PAHs, dibenzofuran, AND/OR phenol SQS EXCEEDANCES WERE DETECTED
0G—-04, 0G-05, HC-S5—-45, AND HC—-SS—47.

CONCENTRATIONS ARE SHOWN IN TOC—NORMALIZED UNITS
(ppm TOC OR mg/kg 0.C.)

EXCEEDENCES OF SQS BIOLOGICAL EFFECTS CRITERIA WERE PREVIOUSLY

EXCEEDENCES OF MCUL BIOLOGICAL

*SMS DOES NOT DEFINE A NICKEL NUMERIC SQS OR MCUL. THE NICKEL
PSDDA SL WILL BE USED TO ASSESS WHETHER OR NOT TO PERFORM
BIOLOGICAL EFFECTS TESTING IN SURFACE SEDIMENT SAMPLES.

| & J WATERWAY
RI/FS WORK PLAN

PORTB-18449-100

SUMMARY OF PREVIOUS
SURFACE SEDIMENTS EXCEEDENCES

DATE: 03/04,/05

[oRWN: AS./SEA |

| FIGURE 1-2




Table C-1 Summary of Valid Historical Analytical Data for Surface Sediments
Station HC-SS-45 HC-SS-46 HC-SS-47 HC-SS-48 HC-SC-85 AN-SS-84 AN-SS-45 AN-SS-47
Sampling Date 9/4/1996 9/5/1996 9/4/1996 9/5/1996 9/9/1996 10/27/1998 10/27/1998 10/27/1998
Datum NAD-83 NAD-83 NAD-83 NAD-83 NAD-83 Corresponds Corresponds Corresponds
Easting 1239793 1239963 1240107 1240194 1240186 approximately| approximately | approximately
Northing 644131 644572 644449 644711 644711 to HC-SC-84 to HC-SS5-45 to HC-SS-47
Sample Type Surface Grab | Surface Grab | Surface Grab | Surface Grab | Surface Grab | Surface Grab | Surface Grab Surface Grab
Reported elevation -13.1 ft. -7.0 ft. -7.1ft. -2.3 ft. -2.3 ft. NT NT NT
Sampling Interval 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm
Consultant SMS Criteria Hart Crowser | Hart Crowser | Hart Crowser | Hart Crowser | Hart Crowser Anchor Anchor Anchor
Reference SQs MCUL HC May 1997 | HC May 1997 | HC May 1997 | HC May 1997 | HC May 1997 | Anchor, 1999 | Anchor, 1999 Anchor, 1999
Conventionals
Total Solids (%) NV NV 40 45 50 50 35 43.3 39.2 62.2
Total Organic Carbon (%) NV NV 3.4 2.6 4 0.82 3.1 2.6 2.8 4.2
Metals (mg/kg) (mg/kg) (mga/kg dry) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Antimony NV NV NT NT NT NT NT NT NT NT
Arsenic 57 93 11E NT 9.2E 3.2E 9.6 E NT NT NT
Cadmium 5.1 6.7 1.6 NT 1.3 <0.59 1.3 1U 1 0.7
Chromium 260 270 71 NT 49 17 66 NT NT NT
Copper 390 390 73 NT 51 16 61 NT NT NT
Lead 450 530 19 NT 24 11 20 NT NT NT
Mercury 0.41 0.59 0.36 0.36 0.29 <0.13 0.45 0.45 0.41 0.17)
Nickel NV NV NT NT NT NT NT NT NT NT
Silver 6.1 6.1 <1.2 NT <1.0 <0.59 <13 NT NT NT
Zinc 410 960 130 NT 190 51 120 106 138 137
LPAH (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC)
2-Methylnaphthalene 38 64 0.94E NT 4.00 6.83 0.68 E 1.4 3 33U
Acenaphthene 16 57 0.47 E NT 40.00 2.07E 0.84E 0.77U 1.1 33U
Acenaphthylene 66 66 <1.12 NT 2.15 1.16 E <142 0.77U 0.75 33U
Anthracene 220 1,200 1.56 NT 35.00 5.98 1.16 E 1.6 6.1 4.3
Fluorene 23 79 0.94E NT 7.50 4.02 1.26 E 0.96 25 33U
Naphthalene 99 170 1.53 NT 3.75 7.44 1.13E 2 3.6 33U
Phenanthrene 100 480 4.41 NT 30.00 24.39 7.74 3.8 10 11
Total LPAHs 562 780 8.91 NT 118.40 45.06 12.13 11 27 32
HPAH (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC)
Benzo(a)anthracene 110 270 5.29 NT 42.50 18.29 4.52 2.4 13 12
Benzo(a)pyrene 99 210 3.24 NT 13.50 20.73 3.13 1.9 8.2 10
Benzo(b)fluoranthene 230 450 8.53C NT 35.0C 20.73 4.52 2.5 14 17
Benzo(g,h,i)perylene 31 78 2.24E NT 5.75 19.51 2.26 E 1.3 3.1 4
Benzo(k)fluoranthene 230 450 8.53C NT 35.0C 19.51 3.87 3 12 24
Chrysene 110 460 8.82 NT 47.50 29.27 8.06 3.8 19 31
Dibenz(a,h)anthracene 12 33 1.32E NT 3.75 9.27 1.0E 0.77 U 1.8 33U
Fluoranthene 160 1,200 10.29 NT 125.00 47.56 12.58 8.5 24 74
Indeno(1,2,3-cd)pyrene 34 88 2.24 NT 5.75 18.29 2,16 E 1.1 3.9 5.5
Pyrene 1,000 1,400 10.00 NT 117.50 47.56 12.58 9.2 54 100
Total HPAHs 2,016 5,300 51.97 NT 396.25 250.73 54.7 35.0 152.0 280.0
Phthalates (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC)
bis(2-Ethylhexyl)phthalate 47 78 13.24 NT 700.00 25.61 7.1 4.6 50 476
Butylbenzylphthalate 4.9 64 0.59E NT <1.53 1.83E <2.81 0.88 1.3 33U
Diethylphthalate 61 110 <2.94 NT <2.00 <6.34 <3.87 0.77U 0.71U 33U
Dimethylphthalate 53 53 <2.53 NT 0.73 E <5.37 <3.16 0.77U 0.82 33U
Di-n-Butylphthalate 220 1,700 <1.74 NT <1.18 1.34E <2.16 13 0.71U 18
Di-n-Octyl phthalate 58 4,500 <2.12 NT <143 <451 4.19 0.77U 0.93E 33U
Phenols (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Phenol 0.42 1.2 1.50 NT 0.46 0.07 0.026 E 0.039U 0.040U 0.280 UG
2,4-Dimethylphenol 0.029 0.029 0.014 E NT .016 E 0.010E 0.0093 E 0.059 U 0.060 U 0.410 UG
2-Methylphenol 0.063 0.063 0.009 E NT 0.011E 0.0059 E 0.0068 E 0.039U 0.040U 0.280 UG
4-Methylphenol 0.67 0.67 0.22 NT 0.21 0.04 0.19 0.062 0.22 0.140 UG
Pentachlorophenol 0.36 0.69 0.015E NT 0.018 E 0.010E 0.011E 0.099 U 0.099 U 0.410 UG
Misc. Extractables (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Benzyl Alcohol 0.057 0.073 <0.0057 E NT <0.0077 E <0.034 0.0064 E 0.099 U 0.099 U 0.690 U
Benzoic Acid 0.65 0.65 <0.23E NT <0.29 <0.089 E <0.19E 0.2U 0.20U 1.4 UG
Misc. Extractables (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC)
1,2,4-Trichlorobenzene 0.81 1.8 <1.15 NT <0.78 <2.44 <142 0.77U 0.71U 33U
1,2-Dichlorobenzene 2.3 2.3 <1.35 NT <0.90 <293 <1.68 0.77U 0.71U 33U
1,3-Dichlorobenzene NV NV NA NA NA NA NA NA NA NA
1,4-Dichlorobenzene 3.1 9 <1.21 NT <0.83 <2.56 <1.52 0.77U 0.71U 33U
Dibenzofuran 15 58 0.91E NT 4.50 4.88 0.94E 1.4 3.6 33U
Hexachlorobenzene 0.38 2.3 <0.12 NT <0.08 <0.27 <0.15 0.77U 0.71U 33U
Hexachlorobutadiene 3.9 6.2 <0.12 NT <0.08 <0.27 <0.15 15U 14U 6.7U
N-Nitrosodiphenylamine 11 11 <15 NT <1.03 <3.29 <1.90 0.77U 0.71U 33U
PCBs (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC) (ppm TOC)
Aroclor 1016 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1221 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1232 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1242 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1248 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1254 12 65 <3.82 NT <25 <7.93 <4.52 NT NT NT
Aroclor 1260 12 65 <3.82 NT 3.25 <7.93 <4.52 NT NT NT
Total PCBs 12 65 <3.82 NT 3.25 <7.93 <4.52 NT NT NT
Notes:

Single underlined values exceed the SQS value.
Double underlined values exceed the MCUL value.

NV - No Value.

NA - Not Analyzed.

D - Indicates value reported in diluted sample.

E - Value above linear range of detector
M - indicates estimated value of analyte found and confirmed
by analyst but with low spectral match.
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HCVCBS

Sediment Core Log HC-VC-85

Type of Sample: 4—inch Vibracore
Dote/Time: 9/11/96 1015
Recovery Length in Feet: 7.0
Mudline Elevation in Feet: —16.3

1.

=
8 B
v s
to ol
oe an
Core 3% EE
Section &0 O
A
479
B8l
B
£
C I
207
Notes:
2
3
4

Northing: 644,634

Fasting: 1,240,185

Drive Depth in Feet: 10.1

Core Tube Length in Feet: 12.0

% Recovery = 53%/80% Core Tube
69% — average and Sediment

Recovery
]
8 ]
3 L
2 ength
= il SEDIMENT DESCRIPTIONS
o
_ Olive—green SILT dusting over (very soft), black to dark gray, slightly
- sandy, clayey SILT with troce wood ond plant fragments, (hair fibers,
| twigs, wood chips up to 3 inches iong).
1..._
2_
5-1 CHEM 4
GS =
3— 7
4=t é‘
h Sharp contoct /
A (Medium dense), dork gray, slightly clayey, very silty to silty, fine /
_| SAND with moderate to troce plant end wood fragments (twigs, /
5 s ! .
i hair fibers, wood chips up to 1-inch long). /
S—2 CHEM T %
GS 6 ?
?_: Sharp contoct é
- (Very stiff), wet, gray, cloyey SILT to silty CLAY with troce sand /
- ond grovel (maossive, uniform, no apparent bedding). %
8 /
S—3 ARCH ] /
9_
10— /
b Horder coring near the bottom.
11— S
12—

AH
KIARTOROMSER

recaiculated to occount for percent compaction during driving. J-4478-05 8/86

Horizontal control is based on NAD 83 datum (DGPS) — North Zone
and vertical control is bosed on MLLW dotum.

. Composite sample depths and sediment contacts shown above were

. Collocoted surface samples were collected with van Veen graob sampler,
. See Figure A—t for key and legend. Figure A-17



Sediment Core Log Sheet 1 of 1

1J13-VC-101
Project: 1&J Waterway RI/FS Location: Bornstein Seafoods, Bellingham, WA Tube Length (ft): 8
Project #: 090007-01.02 Water Elevation (ft): 5.6 Penetration Depth (ft): 8
Client: Port of Bellingham Water Depth (ft): 10.8 Sample Quality: Good
Collection Date: 20 August 2013 Calculated Mudline Elevation (ft):  -5.2 Field Recovery (%): 58 %
Contractor: RSS Northing/LAT: 644336.26 Easting/LONG: 1239977.68 Process Date: 20 August 2013
Vessel: R/V Carolyn Dow Horiz. Datum: WA SP N, NAD 83, ft Vert. Datum: MLLW Process Method: Cut Tube
Operator: Eric Parker Method/Tube ID: Vibracore/3.75" round Logged By: AC
= s
= e
8 £ Sediment Description
2 3 Samples and descriptions are in Recovered Depths.
% % Classification Scheme: USCS
Q o
& & Sample
—0
1 Soft, wet, black, f-m-sandy, SILT. Moderate shell fragments and substantial organic matter (fish scales and
T sticks). Slight H2S-like odor.
T @ 0.2": Grades to moist.
1 1J13-VC-101-0-2
T @ 1.0': Grades to medium stiff.
—2
T @ 2.6': 3 cm subangular c-gravel
[ P e N Y J13-VC-101-2-3.9  [[= =" T T T T T T T T T TS oo oo oo —— -]
4 @ 2.9": Grades to medium dense, moist, dark gray, slightly silty, f-m SAND, trace c-gravel, trace cobbles
T (subrounded up to 6 cm). Sand grains are multicolored. Occassional wood fragments. Moderate pockets of
4 stiff, moist, gray, CLAY.
__4 [
1 End of core @ 3.9
—5
——6
——7
ANCHOR Footnote (1): Attempt 1 of 2; 0-4' easy coring, 4-5' some resistance, 5-8' easy cal
alculated Recovery

1605 Cornwall Avenue
Bellingham, WA
360-733-4311

Footnote (2): Estimated coordinates, sampling location 11 ft from pier face. Recovery Length/Penetration Depth:

Footnote (3): Moist, gray, stiff CLAY present in shoe. 4.6 ft/8 ft = 58%




Sediment Core Log Sheet 1 of 1

1J13-VC-102

Project: 1&) Waterway RI/FS

Location: Bornstein Seafoods, Bellingham, WA Tube Length (ft): 8

Project #: 090007-01.02

Water Elevation (ft): 4.4 Penetration Depth (ft): 8

Client: Port of Bellingham

Water Depth (ft): 11.2 Sample Quality: Good

Collection Date: 20 August 2013

Calculated Mudline Elevation (ft): -6.8 Field Recovery (%): 80 %

Contractor: RSS

Northing/LAT: 644244.9 Easting/LONG: 1239881.59 Process Date: 20 August 2013

Vessel: R/V Carolyn Dow

Horiz. Datum: WA SP N, NAD 83, ft Vert. Datum: MLLW Process Method: Cut Tube

Operator: Eric Parker

Method/Tube ID: Vibracore/3.75" round Logged By: AC

€| 3
= 2
i £ Sediment Description
% g Samples and descriptions are in Recovered Depths.
% % Classification Scheme: USCS
Q o
& & Sample
—0
1 Soft, wet, black, f-m-sandy, SILT. Moderate shell fragments, occasional wood fragments. Slight H2S-like odor.
1 @ 0.6": 3" wood fragment
_"_1 1J13-VC-102-0-2 @ 0.8': Grades to stiff, moist, dark gray, slightly f-sandy, SILT, trace shell fragments.
—2
1 @ 2.6": Grades to moderate organic fibers (brown, decomposed).
—“—3 1J13-VC-102-2-4
——4
il 1J13-VC-102-4-5.4
_.._5 @ 4.9": Grades to medium dense, moist, dark gray, slightly silty, f-m SAND. Sand grains are multicolored and
T are white, black, red and beige. Moderate shell fragments (bivalve).
1 End of core @ 5.4'
—1—6
——7
ANCHOR Footnote (1): Attempt 1 of 1; 0-8' easy drive Calculated Recovery

1605 Cornwall Avenue

Footnote (2): Estimated coordinates, sampling location 12 ft from pier face.

Recovery Length/Penetration Depth:

Bellingham, WA
360-733-4311

Footnote (3): Moist, gray, stiff CLAY present in shoe.

6.4 ft/8 ft = 80%




[J-18

Sediment Core Log

Sheet 1 of 1

Project: POB |&J Waterway

Water Body Type: Marine

Tube Length {ft}: 8.0

Proiect # PORTB-18448-310

Water Elevation {ft)/Tide: -0.3

Penetration Depth {f): 7.0

Client: Port of Bellingham

Water Depth {it 16.7

Sample Quality: Good

Collection Date: 06/12/06

Mudline Elevation (ft); -17.0 -

Recovery in ft (%) 8.4 {91)

Contractor: MSS

NJLAT: 48 45.2970 E/LONG: 122 29.6136

Process Date; 06/13/06

Vessel: R/V Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

.. & = @ . R,
% g E T |5 E i3 Sediment Description Comments In-situ
g B3 g g% g Classification Scheme: USCS for Recovered Depths (ft)
3 8 D < t th i
g o 8 ou; = B Contacts are recovered dep Depths & Graphic Log
A_‘AO 00—
T ML: wet, very soft, dark gray (GLEY 1, 4/N) SILT,
4 trace clay. Scattered rootlets and wood fragments.
+ - Clay texture is gummy.
+ w T o e
i Metals
4 SVOCs ML.; wet, soft, dark gray (GLEY 1, 4/N) CLAYEY
4 PGB SILT, trace sand and gravel. Clay competancy
+ TST butk increases towards basal contact.
=1 Pesticides @ 1.3' subangular gravel up to 1/2" diameter Homogenized for ]
Conventionals sample 1J-C3
H Grain Size P
I L.l TBT porewater | _ ..
+ @ Archive ML: moist, soft, dark gray (GLEY 1, 4/N) SILT, little Wl 1
4 Dioxins {l.-C3) | sand. -~
T Bioassay {1J-C3)
—_2 P eennd
T SM: moist, medium dense, very dark gray (GLEY {,
1 3/N) SAND, littre silt. Sand grains are medium,
+ multicolored (red, white, black), and coarsen towards
I3 basal contact. Trace shel fragments, Moderate 3]
T hydrogen sulfide odor.
1 Archive
I GP: moist, dense, very dark gray (GLEY 1, 3/N)
i GRAVEL, fittle sand, Gravel is subrounded to
e subanguiar and up to 3" L. o e 4—]
1 0
T VO]
1 > 5 <
I 0
T SM: moist, medium dense, very dark gray (7.5YR, o e
1 3/1) SAND, few silt. Sand grains are multicolored Dyl 2N
—15 {red, white, black). Trace wood layers up to 2" thick 21 5
I with wood fragments up to 1" L. i
I CL: damp, stiff, greenish gray (GLEY 1, 5/GY)
T CLAY. Clay is of high plasticity, rolls well, and is
i highly competant.
End of core at 5.7. Driven to refusal.
-1 In-situ depth = Recovered Interval / % Recovery 6]
L Method assumes compaction is the same
throughout the core.

The RETEC Group, Inc.

Seattle, WA 98134-1162
Phone: (206) 624-9349
Fax: (206) 624-2839

1011 SW Klickitat Way, Suite 207

Remarks: Drive notes: freefall (3.0'), easy (4.8"), very hard (6.6").

refusat (6.4'). Core shoe was 25% full of green-gray clay,

trace hydrogen sulfide odor. Core tube scratched.

Calcuiated Recovery
Sampie Length/Penetration Length:

64 /7.0

=91 %




1J-19

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length {fty: g0

Project #: PORTB-18448-310

Water Elevation (fi)/Tide: -1.7

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (ft):  13.6

Sampie Quality: Good

Coilection Date: 06/12/06

Mudline Elevation (ft): -15.2

Recovery in ft (%): 5.2 (74)

Contractor: MSS

N./LAT: 48 45.2963 E/LONG: 122 29.6137

Process Date: 06/13/06

Vessel: R/V Nancy Anne

Horiz. Datum: NAD 83  Vert. Dafum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube ID: Vibracorer/3” round Al

Logged By: L.McKee, C.Brackett

® i
—_— = ‘9 ’ - . .
g g é R 2 Sediment Description Comments In-situ
§ 2 ”g E § % o Classification Scheme: USCS for Recovered Depths (i)
g o é 3 2 3 < Contacts are recovered depth Depths & Graphic Log
T ML: wet, soft, dark gray (GLEY 1, 4/N) SILT, trace T
1 sand. Scattered worms, trace rootlets. +
1 C T Metal e T T T T T T
1 Svobe ML: moist, medium stiff, dark gray (GLEY 1, 4/N) L T
1 PCB SILT, trace fine sand. Sand percentage increases to i
T TBT bulk few and coarsens toward basal contact. Siight +
1 Pesticides hydrogen sulfide odor. Trace fish matter (scales) up | Homogenized for 1—
1 Conventionals | to 1/2" diameter. sample 1J-C3 i
1 Grain Size T
1 TBT porewater i
4 w VOCs i
4 Sulfides &
T Archive +
T Dioxins (1J-C3) T
12 Bioassays (-C3) 2 2—
T = GP: moist, dense, dark gray (GLEY 1, 4/N) SANDY +
1 - GRAVEL. Gravelis subrounded to subangular and I
1 upto 2" L. 1
—:—ma hd SM: moist, dense, very dark gray {GLEY 1, 3/N) 3_':
< /i\ \ SAND, trace gravel. Sand grains are coarse and 1
! . \mlicoored. Trace shelfagments. | o7 1
T SN ] SM: moist, dense, very dark gray (GLEY 1, 3/N} [e3e4 i
+ \L Archive SAND, few silt, trace gravel. Trace shell fragments. Oy 1
T — Trace hydrogen sulfide odor. Y ST T
__:-_,4 CL: damp, stff to very stiff, greenish gray (GLEY 1, 4_":
T 5/GY) CLAY. Clay has high plasticity and rolls well.
T @ 3.8-3.9" substantial subrounded gravel up to 3" L T
it and shell fragmenis. Scattered sand and smaller 1
+ gravels. +
1 £nd of core at 4.5 Driven to refusal (see remarks). I
+ In-situ depth = Recovered interval / % Recovery +
““_:“5 Method assumes compaction is the same 7 5—r
i throughout the core. i
e ol
The RETEC Group, Inc. Remarks: Drive notes: freefall (3.5'), easy (6.17), refusal (6.1").
1011 SW Klickitat Way, Suite 207 (3.5) easy (6.1) 619 Calcutated Recovery

Seattle, WA 98134-1162
Phone: (206) 624-9349
Fax: (206) 624-2839

Core shoe 100% full of damp, greenish gray clay.

Sample Length/Penetration Length:

Refusal likely caused by mechanical rather than lithological refusal.

52 /7.0

=74 %
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1J-20

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft}: 8.0

Project # PORTB-18448-310

Water Elevation (ft)/Tide: +1.3

Penetration Depth {f{): 7.0

Client; Port of Bellingham

Water Depth (it 18.4

Sample Quality: Good

Collection Date: 06/12/06

Mudline Elevation {ft}: -17.1 -

Recovery in ft (%) 6.3 (96)

Contractor: MSS

NJLAT: 48 45.3057 EJLONG: 122 29.5848

Process Date: 06/13/06

Vessel: R/V Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Operator: Bilt Jaworski

Method/Tube 1D: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

@ Fa iy . .gr
P EIsE|LE g Sediment Description Comments In-situ
@ = = .
Y ?% “E § é £ a Classification Scheme; USCS for Recovered Depths {ft)
O
e o § & | 3 < Contacts are recovered depth Depths & Graphic Log
e ML: wet, very soft, dark gray (GLEY 1, 4/N) SILT,
\ trace fine sand. Lk
Metals ML: moist, soft, very dark gray (GLEY 1, 3/N) SILT.
SVOCs Silt competancy increases toward basal contact.
PCB Trace fish matter. Trace to moderate hydrogen
r TBT bulk sulfide odor.
-1 Cclajn?;:'(n:iliiisais Homogenized for ]
[ Grain Size sample 1J-C3 ]
TBT porewater
- Archive L L L e e s i
Dioxins (1J-C3) :\A% maoist, spft. very dark gray {GLEY 1, 3/N) SILT, N
Bioassays (l-C3) ittfe clay. Silt competancy increases toward basal
- contact. No hydrogen sulfide odor below 2.0". 4
“n 4
@ 2.1' 3" L metal piece (drili bit - like) Bag @ 2.1' (metal). -~ 1
S I
J/ ML: moist, medium stiff, very dark gray (GLEY 1, T
L 3 L d_ 3/N) SILT, few sand. Sand grains are medium to 31
coarse. Trace wood and gravel. I T 1
@ 3.3'-4.5" scattered wood fragments up to 1" L T
@ 3.5 subrounded gravel up to 2.5" L 1
@ 4.0" subangular gravel up to 2.5" L i
-y 1 4
ML: moist, medium stiff, very dark gray (GLEY 1, 1.1 I
3/N) CLAYEY SiLT, trace gravel. Trace shell 1
~ fragments and organic matter (wood). +
= Archive 1
N +4
[ s hd o
End of core at 6.1. 1
In-situ depth = Recovered Interval / % Recovery T
Method assumes cempaction is the same T
| 5 throughout the core, . 6—|
Clay tagged in core |
shoe. J
The RETEC Group, Inc. Remarks: Drive notes: freefall {3.7"), easy {7.0°), no refusal.
1011 SW Klickitat Way, Suite 207 (3.7), easy (7.0 Calculated Recovery

Seattle, WA 98134-1162
Phone: {206) 624-9349
Fax: {206} 624-2839

Core shoe was 100% full of damp, black clayey silt.

Sample Length/Penetration Length:

6.7 /7.0

=96 %




1J-21

Sediment Core Log

Sheet 1 of 1

Project; POB 18&J Waterway

Water Body Type: Marine

Tube Length (ft):

8.0

Project #: PORTB-18448-310

Water Elevation (f)/Tide: -3.0

Penetration Depth (f): 7.0

Client: Port of Bellingham

Water Depth (ft): 141

Sample Quality: Good

Collection Date: 06/12/06

Mudline Elevation {ft}: -17.1 -

Recovery in ft (%): 6.8 (97)

Centragtor: MSS

N./LAT: 48 45,2904 E./LONG: 122 29.6016

Process Date: 06/13/06

Vessel: R/V Nancy Anne

Horiz. Datem:NAD 83 Vert. Datum: MLLW

Precess Method: Cut tube

Operator: Bill Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

© ey . .
3 Elg ™" gz é Sediment Description Comments in-situ
% "% E g &‘3 £ ? Classification Scheme: USCS for Recovered Depths (ft)
[+] o «© qr o .
g o é‘% 2 2 o Contacts are recovered depth Depihs & Graphic Log
~=0 0-
ML: wet, very soft, black {GLEY 1, 2.5/N) SIL.T. T
ML: moist, soft, black (GLEY 1, 2.5/N) CLAYEY I
Metais SILT. Trace fish matter (scales and flakes and 4
S\;ggs wood fragments, Trace hydrogen sulfide odor. +
TBT bulk [T
[ L 1.1 1" thick layer of wood fragmenis —
1 Pesticides @ 4 9 Homogenized for 1
Conventionals . sample 1J-C3
e Grain Size GP: moist, dense, black (GLEY 1, 2.5/N) GRAVEL, P e
_O: f TBT porewater | little sitt and sand. Gravelis subrounded to =0 [
-] Archive subangular and up to 2" in diameter. O-W:- é
21 o R
Fa 1 o Digxins {(1J-C3) Lo g 2y iy
(> @ Binassays (1-C3) @ 1.7 1/2" thick lens of very coarse sand @« [ anid
2 2—
CL: moist, medium stiff, very dark gray (GLEY 1,
3/N) CLAY, trace silt. Clay texture is gummy, rolls
easily, and has low plasticity. Trace layers of fish
matter (scales and flakes) and wood fragments.
3-—
i ry 3.6" wood fragments up to 1 L. ic pi
i ?5“ N e agments up to t Plastic piece Bag @ 3.6 (plastic).
i R . 4—
Archive @ 4.0" Trace flakes of organic matter (fish scales) ~ 1
in a layer of decomposing material. ]
SM: moist, medium dense, black (GLEY 1, 2.56/N) ]
SAND, little silt. Moderate to substational wood, [
trace fish bones. .
@ 4.7 1" 1hick layer of moderate to substantial
wood fragments
@ 4.9 fish bones upto 3" L
@ 5.4 CLAYEY SILY with seams of sand
End of core at 6.3". 4
tn-situ depth = Recovered Interval / % Recovery &t
Method assumes compaction is the same i
throughout the core.
The RETEC Group, Inc. Remarks: Drive notes: freefall (1.0"), easy (7.0'}, no refusal.
1011 SW Klickitat Way, Suite 207 01-0), easy 7.0 Caiculated Recovery
Seattle, WA 98134-1162 Core shoe was empty. Sample Length/Penetration Length:
Phone: {206} 624-9349
Fax: (206) 624-2838 68 /70 =97 %




|

Sediment Core Log

1J-22

Sheet 1 of 1

Project: POB 18.J Waterway

Water Body Type: Marine

Tube Length {ft): g.0

Project # PORTB-18448-

310

Water Elevation (ff)/Tide: -2.6

Penetration Depih {#). 7.0

Client: Port of Bellingham

Water Depth (). 16.7

Sample Quality: Good

Coltection Date: 06/12/06

Mudline Elevation (ft): -19.3

Recovery in ft (%): 6.6 {93)

Contractor: MSS

N.AAT: 48 45.3023 E./LONG: 122 29.5739

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert. Datum: MLLW

Process Method: Cut tube

QOperator: Bili Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

I

— E e o= w . e
g € é ﬁg % z 2 Sediment Description Comments in-situ
§ 3 % £ |8 ﬁt <g£ glasssﬂcation Scheme; USCS for Recovered Depth§ (ft)
g o é :g < B ontacts are recovered depth Depths & Graphic Log
— O__.
ML: moist, soft, greenish black (GLEY 1, 2.5/10Y) T
-Metais SILT frace very fine sand. Trace shell fragments up T
r Sgggs to 3" L. Moderate hydrogen sulfide odor. T
- TBT bulk i
. @ Pesticides o 1
+ Conventionals = 1
1 Grain Size el | Homogenized for T
. TBT porewater ¥ w): moist, medium stiff, greenish biack (GLEY 1, sample L-C5 I
Archive 2.5/10Y) SILT, few medium-coarse sand. Scattered RS 1
[ Dioxins (1)-c5) | Small shell fragments. Strong hydrogen sulfide odor. I
Bioassays (1J-C5} " " - T
A CL: moist, stiff, greenish gray (GLEY 1, 5/GY) CLAY, I
) trace subrounded gravel. +
L 2__-
Y a1l
- Ak
—5 5L
—6 End of core at 6.8". 61
In-situ depth = Recovered Interval / % Recovery 4
Method assumes compaction is the same T
throughout the core. 1
[ - 7od

The RETEC Group, Inc.

Seattle, WA 981341162
Phone: {208) 624-9349
Fax: (208) 624-2839

1011 SW Klickitat Way, Suite 207

Remarks: Drive notes: freefall (2.0'), moderate (7.0"), no refusal.

Core shoe was 100% full of green-gray clay.

Caiculated Recovery
Sample Length/Peneiration Length:

6.6 /7.0

=93 %




1J-23

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft): g.0

Project # PORTB-18448-310

Waler Elevation (ft)/Tide: -1.8

Penetration Depth (ft):

7.0

Ctient: Port of Bellingham

Water Depth (ft). 15.7

Sample Quality: Good

Collection Date: 06/12/06

Mudline Elevation (ft): -17.5

Recovery in ft (%): 6.7 (86)

Contractor: MSS

NJLAT: 48452721 E/JLONG: 122 29.6107

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert. Datum: MLLW

Process Method: Cut tube

Cperator: Bill Jaworski

Method/Tube D: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

— k4 e o= K] . s 4w
g g é P = 2 Sediment Description Comments tr-situ
= c o 6] = P . .
g B 2 E 2 % g Classification Scheme: USCS for Recovered Depths (ft
g - 8 :; e 3 Contacts are recovered depth Depths & Graphic Log
T ML: moist, very soft, greenish black (GLEY 1%, 1
1 Metals 2.5/10Y) SILT, few sand. Abundant intact musse! 1
1 “;%%5 shells up ta 1.5 L. Trace wood fragments up to T
1 TET bulk 2.5" L. Moderate hydrogen sulfide odor. Grades {o +
1 Pesticides substantial shells and fish scales up to 3" L and fish T
1 Conventionais | bones up fo 1" L. Trace subrounded 2" L gravel and 1
—11 Grain Size {race wood fragments up to 2" L. Very sfrong : 1—
] TBTAegr:i\gater hydrogen suffide odor. ?:r;négﬁﬁlzc%d o
] w Dioxins (1J-C5) o 1
] Bicassays {IJ-C5) Bag @ 1.6' (plastic). | - i
] , e . @ 1.6" piece of 3" L filmy, thin, plastic , L] L] , i
T | ML moist, medium stiff, greenish black (GLEY 1, ) NN
4 1 2.5M10Y) SILT, few fine sand. Scattered i +
T | decomposed fish matter (scales and flakes). . T
T ML: moist, medium stiff, greenish black (GLEY 1, 1
T 2.5M10Y) VERY SANDY SILY. Scaitered 1/2"to 1" T
—i—3 thick layers of decomposed, broken fish matter 3—
1 {scales, bones, fiakes). b
I CL: moist, stiff, greenish gray (GLEY 1, 5/3Y) CLAY, 1
T trace subrounded gravetl up fo 1/2" diameter. 1
Y 4]
15 5—
1 End of core at 6.3", i
4 In-situ depth = Recovered Interval / % Recovery -
-6 Method assumes compaction is the same 68—
I throughout the core. I

The RETEC Group, Inc.

Seattle, WA 98134-1162
Phone: (206) 624-9348
Fax: (206} 624-2839

1011 SW Klickitat Way, Suite 207

Remarks: Drive notes: freefall {1.0"), easy (4.0'), moderate-hard (7.0},

no refusal. Core shoe was 100% full of green-gray clay.

Piece of 3/8" polypropylene line in bottom of core shoe.

6.7 /7.0

Calculated Recovery
Sample Length/Penetration Length:

=86 %
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1J-24

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Bedy Type: Marine

Tube Length {ft): g.o

Project #: PORTB-18448-310

Water Elevation (R)/Tide: -0.9

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (ft):  16.3

Sampie Quality: Good

Coliection Date: 06/12/06

Mudhine Elevation (ft}: -17.2 -

Recovery in f {(%): 6.6 (96)

Contractor: MSS

N.JLAT: 48 45.2894 E/LONG: 122 29.5948

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert. Datum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

The RETEC Group, inc.
1011 SW Klickitat Way, Suite 207
Seattle, WA 98134-1162

Phone: {206) 624-9349

Fax: (206) 624-2839

Remarks: Drive notes: freefall {1.0"}, easy (4.0'}, moderate-hard {7.0},

no refusal. Core shoe was 100% full of gray-green clay and

some woody material.

Calculated Recovery
Sample Length/Penetration Length:

6.7 /7.0

=96 %

| S =y o ; _
g gl & R o Sediment Description Comments In-situ
£ 4o o o . .
§ g : § | §% g Classification Scheme: USCS for Recovered Depths (ft)
g o &8 g = 2 Contacts are recovered depth Depths & Graphic Log
0_
ML: moist, soft, greenish black (GLEY 1, 2.5/10Y) T
Metals SILT, trace very fine sand. Color is mottied gray- 4
s Sgggs green and black. +
TBT bulk L@ 0.51 2" L worm ) 2 Bl e T
Pesticides ‘\_ K T
Conventionals TTTT T T TTTomomo s e T T e T
L | 4 Grain Size ML.: moist, soft, black {GLEY 1, 2.5/N} CLAYEY LJ.L ] 1]
TBT porewater | SILT. Silt competancy increases toward basal Homogenized for
Archive | contagt. Few fish matter (fish scales and bones), sample 1-C3
Dioxing (1J-C5 v trace intact mussle shells up to 1" L, and frace shell
i »
Biolassays (IJ-C)S) ! fragments up to 2 cm. !
ML: moist, soft, black (GLEY 1, 2.5/N} CLAYEY
o SILT, trace fine sand. Sit decreases in competancy
—2 - toward basal contact. Trace fish matter {scales, o 2
bones) increasing to substantial below 2.2"in 2" thick =
layers. Trace hydrogen sulfide odor.
_3 o e S [ e N P T T T Ty S S ——— —_ 3....:‘
ML: moist, medium-stiff, black (GLEY 1, 2.5/N} SILT, ST 1
few sand and trace gravel. Sand grains are 4
medium to coarse and multicolored (gray, white, +
black). Gravelis subangular, up to 3" diameter, and 1
increases to few below 4.2 feet. Trace rootlets. 4
Trace hydrogen sulfide odor. +
L4 ] 4 i
N Archive 1
SM: moist, medium dense, black {GLEY 1, 2.5/N) N T
COARSE SAND, few silt. Moderate to substantial 1
shredded waod fragments. 5—
CL: meist, medium stiff, greenish gray (GLEY 1, T
5/GY) CLAY. ]
End of core at 6.3 61
In-situ depth = Recoverad Interval / % Recovery 1
Method assumes compaction is the same T
throughout the core. 1




tJ-25

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft):

8.0

Project # PORTB-18448-310

Water Elevation {ft)/Tide: 0.01

Penetration Depth (ft): 7.0

Client: Port of Beltingham

Water Dapth (ft 16.9

Sample Quality: Good

Collection Date: 06/12/06

Mudtine Elevation (ft): +16.9 .

Recovery in ft (%): 6.8 (97)

Contractor: MSS

NJLAT: 48 45.3027 E./LONG: 122 29.5741

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube iD: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

[ faliel . Y
E ) § 5 %% %}’ Sediment Description Comments in-sity
£ [=3 = . .
g 3 3 E é % g Classification Scheme: USCS for Recovered Depths (ft)
e a § 3 = B Contacts are recovered depth Depths & Graphic Log
L1 ML: wet, very soft, greenish black (GLEY 1, 2.5/10Y) L T
v CLAYEY SILT. / 1
g 4 T
r Metals ML.; roist, soft, greenish black (GLEY 1, 2.5/10Y) 1
SVOCs CLAYEY SILT. Silt competancy increases toward +
pCB basal contact. Trace rootlets. Trace hydrogen 1
TBT bulk : T
—1 L~ - suifide odar, ) L - 1—
o F'eshmdesl e e e e | Homogenized for 1
i - 1
e a1 ML: moist, soft, greenish black (GLEY 1, 2.5/10y) | SamPle N-CS T
TBT porewater | CLAYEY SILT, trace very fine sand. Trace fish T
VOGCs matter (scales) below 2.2 feet and trace fayers of 1
Sulfides fish matter, 1
Archive 4
—2 4 Dioxins (I.-C5) 0 =
Bioassays (IJ-C5) T
] @ 2.0 2" thick layer of substantial fish matter 1
(scales, bones, shells). Slight hydrogen sulfide odor. +
S O st
I ML: moist, medium-stiff, greenish black (GLEY 1, T3] T
4 2.5/10Y) CLAYEY SILT, trace medium fo coarse 1
1 sand. I
P O s N OO oI
1 ML: moist, medium-stiff, greenish black {GLEY 1, 1177 T
1 2.6/10Y) SILT, little medium to coarse sand. +
1 M Archive i\glc?-erate decomposed wood chips and shreds up to T
i - "L el 1
5 51
T CL: damp, stiff, greenish gray (GLEY 1, 5/GY) T
+ CLAY, trace subrounded gravel up to 1" diameter, +
T Clay is of high plasticity, rolls well, and is highly T
T competant. } I
T End of core at 6.1". T
s In-situ depth = Recovered Interval / % Recovery 6—-
[ Method assumes compaction is the same I
throughout the core,

The RETEC Group, Inc,

Scattle, WA 98134-1162
Phone: {206} 624-0349
Fax: {206} 624-2839

1011 SW Klickitat Way, Suite 207

Remarks: Drive notes: freefall (4.0'), easy (5.0"), moderate-hard (7.0'),

no refusal. Core shoe was 100% fuil of gray-green clay.

Calculated Recovery
Sample Length/Penetration Length:

68 /7.0

=97 %
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Sediment Core Log

1J-26

Sheet {1 of 1

Project: POB |&J Waterway

Water Body Type: Marine

Tube Length {#): g.o

Project #: PORTB-18448-310 Water Elevation {ft)/Tide: -3.0 Penetration Depth {ft): 7.0
Client: Port of Bellingham Water Depth (fty:  17.2 Sample Quality: Good
Collection Date: 06/13/06 Mudtline Elevation (ft): -14.2 Recovery in ft (%) 5.2 {75)

Contractor: MSS

N/LAT: 48 45.2519 E/LONG: 122 29.6311

Process Date: 06/14/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert, Datum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube iD: Vibracorer/3” round Al

Logged By: L.McKee, C.Brackett

® Pl
= = 2 i vt i .
g 2 _n:, 5| 2% 3 Sediment Description Comments In-sity
[=% =1 N .
é -4 % £ n‘&c’s £ @ Classification Scheme: USCS for Recovered Depths (ft)
g o é 3 = B < Contacts are recovered depth Depths & Graphic Log
__.0 0
ML: wet, soft, greenish black (GLEY 1, 2.5/10Y)
FiSHY SILT. Abundant decomposed fish bones and
scales up to 4" L, wood splinters and fragments up
Metals t02.5"L, andlshe!ls up to 2.5" L. Very strong
SVOCs hydrogen sulfide odor.
PCB
TB"{ i:]ulk
C:nis;:ﬂiiisa;s Homogenized for ]
Grain Size sampie 1J-C6
TBT porewaler 1
o VOCs
= Sulfides
Archive [l 4 E
o J/ CL: moist, mediurn stiff, very dark greenish gray | .
i g oxins (L-GO) | (GLEY 1, 5/GY) CLAY, fittle sift. Clay texture is o .
1 inassays (1J-C6) gummy ; 3 1
________________________________ r 1
ML: moist, medium stiff, greenish gray (GLEY 1, T
3/10Y) SILT, litte fine to medium sand. Very strong 1
hydrogen sulfide odor. +
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i 7 iy T
,’ ML.: moist, medium-stiff, greenish gray (GLEY 1, | // T
L3 310Y) SILT, little, sand and clay. Siit texture Ar 3]
/|\ increases in competancy toward basal contact. -+
Archive Scattered fish matter (bones) up to 2" L, shells both 1
™ intact and fragments up fo 2" L, and wood fragments 1
up to 3"L. Hydrogen sulfide odor decreases toward T
\L basal contact from strong to trace. 1
CL: moist, stiff, greenish gray (GLEY 1, 5/GY} CLAY. 1
—4 Clay rolis well and is of high plasticity. -1 4
End of core at 4.8 ~ 1
in-situ depth = Recovered Interval / % Recovery No sample collected, | = 1
Method assumes compaction is the same below 3.75' dueto - 1
throughout the core. clay layer. 4
=5 Strongest hydrogen 5=
suifide cdor of ali the i
cores logged. +
_6 6...:.

The RETEC Group, Inc.
1011 SW Klickitat Way, Suite 207
Seattie, WA 98134-1162

Phone: (206) 624-9349
Fax: (206) 624-2839

Remarks: Brive notes: freefall (3.5'), easy (6.0"), moderate-hard (7.0'),

no refusal. Core shoe was 100% full of gray-green clay.

Calcuiated Recovery
Samgple Length/Penefration Length:

52 /7.0

=75 %




1J-27

Sediment Core Log

Sheet 1 of 1

Project: POB 18&J Waterway

Water Body Type: Marine

Tube Length (ft): g.0

Project # PORTB-18448-310

Water Elevation (ft)/Tide: -3.0

Penetration Depth (1) 7.0

Ciient: Port of Bellingham

Water Depth (ft): 13.4

Sampie Quality: Good

Collection Date: 06/13/06

Mudline Elevation {fty: -16.4 -

Recovery in ft (%): 6.7 {96)

Contractor: MSS

N./LAT: 48 45.2702 E./LONG: 122 29.6068

Process Date: 06/14/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Operator: Bill Jaworski

Method/Tube {D: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

| & FaliPoS ” : I
B E g fg g % 2 Sediment Description Comments In-situ
g 2|3 & § f‘} g Classification Scheme: USCS for Recavered Depths (ft)
g ° é £ 1 Contacts are recovered depth Depths & Graphic Log
T ML: wet, soft, greenish biack (GLEY 1, 2.5/10Y)
1 FISHY SILT, trace subrounded gravel. Abundant
T decomposed fish scales and wood splinters up to
T Metals 3.0" L, trace intact mussel shells up to 0.5" L and
Il SVng worms, Moderate hydrogen suffide odor.
1 PCB
T TBT buik
____1 Pesticides Homogenized for ]
1 Convt‘antsqnals sample 13-C6
s Grain Size
-+ TBY porewater
T Archive
1 v Dioxing {1J.C6) [~~~ 77 ToTmmmmmmemmmmm S mE T T T
1 Bivassays {1J-G8) | CL: moist, medium stiff, very dark greenish gray L.
]2 w (GLEY 1, 5/GY) CLAY, few fine sand and clay. 2]
T Scattered wood fragments and fish matter (bones). @
T Trace to moderate hydrogen sulfide odor,
+ @ 2.0 anguiar anthropogenic fragment
—:_”"3 ML.: moist, soft, very dark greenish gray (GLEY 1, 3
i 3/10Y) FISHY SILT, litte fine sand. Abundant fish
+ matter (benes and scales). Very strong hydrogen
T sulfide odor.
-+ ST e e T T T
T - ML: moist, soft, very dark greenish gray (GLEY 1,
T 3/10Y} SILT, little fine sand. Scaitered fish matter NN
——a S | S (bones, scales, vertebrae). Moderate hydrogen 4
: "\ sulfide cdor. d)
| Archive | === == v s e e e e -
3 N ML.: moist, medium-stiff, very dark greenish gray
[ - (GLEY 1, 3M0Y} SILT, few sand and clay. Scaftered
R layer of fish matter (scafes). )
N hd CL: damp, stiff, greenish gray (GLEY 1, 5/GY} 5]
1 CLAY, frace subrounded gravel. Clay is highly
T competant, of high plasticity, and rolls well. -t
1 g End of core at 8.5'. 5]
+ In-situ depth = Recovered Interval / % Recovery
T Method assumes compaction is the same
4 throughout the core.
The RETEC Group, Ine. Remarks: Drive notes: freefall (5.0"), moderate-hard {7.0"),

Seattle, WA 98134-1162
Phone: {206) 624-9348%
Fax: (206) 624-2839

1011 SW Klickitat Way, Suite 207

no refusal. Proposed location was under the dock, actual is

6.0" from proposed.

Calculated Recovery
Sample Length/Penetration Length:

67 /7.0

=96 %




1J-28

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft): 5.0

Project #: PORTB-18448-310

Water Elevation {ft)/Tide: +3.0

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (ft): 17.0

Sample Quality: Good

Collection Date: 06/13/06

Mudline Elevation (ft): -14.0.

Recoveryin ft (%): 5.8 (92}

Contracior: MSS

N.JLAT: 48 45.2865 E/LONG: 122 29.5820

Process Date: 06/14/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert. Datum: MLLW

Process Method: Cuttube

QOperator: Bill Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

B > . T
3 E|lE* 2 = ﬁ Sediment Description Comments In-situ
g ﬁ.. = B n%cd £ ® Classification Scheme: USCS for Recovered Depths {ft}
%] [
g o § 3 = 2 < Contacts are recovered depth Depths & Graphic Log
._0 0~
ML: wet, very soft, greenish black {GLEY 1, 2.5/10Y?} N T
FISHY SILT, trace sand. Abundant decomposed 1
fish matter (bones) and mussel sheills. 1
e S“"'\fci,aés ML: moist, soft, very dark greenish gray (GLEY 1, RN 1
PCBS 5/GY} SILT, few sand and trace subrounded gravel T
TBT bulk up to 3" L., Silt competancy increases with depth. T
ey R Pesticides Moderate fish matter (scales). o 1__:'
- Conventionals [ === = = m = s e e Homogenized for ol I O I i
Grain Size ML: moist, soft, very dark greenish gray (GLEY 1, sample |J-C6 i
TBY porewater | 3/10Y) SILT, few fine to medium sand. Trace to +
Archive scattered fish matter (scales}, shelis, and seams of +
Dioxins {1-c6) | decomposed wood. 1
Bivassays (1J-C8) 1
T ML: maist, soft, very dark greenish gray {GLEY 1, 2t
3/10Y) SILT, few sand and clay, trace subangular 177 I
gravel up to 0.25" diameter. Moderate shell 1
fragments. Trace hydrogen sulfide odor.
2]
Archive N
ML: moist, soft, dark greenish gray {(GLEY 1, 4/10Y)
] SILT, fittte medium to coarse sand. Trace rootiets. 3
Grades to more sand fowards basat contact.
44—
i End of core ai 5.3".
In-situ depth = Recovered interval / % Recovery 5t
Method assumes compaction is the same
throughout the core.
The RETEC Group, Inc. Remarks: Drive notes: freefall {2.6"), moderate-hard (7.0},
1811 SW Klickitat Way, Suite 207 (26) 70) Calculated Recovery
Seattle, WA 98134-1162 no refusal. Sample Length/Penetration Length:

Phone: (206) 624-9349
Fax: {206) 624-2839

58 /7.0

=92 %




1J-29

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft):

8.0

Project #2 PORTB-18448-310

Water Elevation (ft)/Tide: -2.1

Penetration Depth (ft): 6.8

Client: Port of Beltingham

Water Depth (ft}. 8.4

Sample Quality. Good

Collection Date: 06/13/06

Mudline Elevation (ft). -10.3

Recovery in fi (%): 6.8 {100)

Contractor: MSS

NJLAT: 48 45.3000 E/LONG: 122 29.5616

Process Date; 06/14/06

Vessel: R/V Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Cperator: Bill Jaworski

Method/Tube iD: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

- k4 B o= 0 - T
% g é * % z g Sediment Description Comments In-situ
é g % E 2 ﬁl g Classification Scheme: USCS for Recovered Depths {ft)
g a é 3 .1 Contacts are recovered depth Depths & Graphic Log
,,,,, 0 O—
§ ML.: wet, soft, greenish black (GLEY 1, 2.5/10Y) I
- CLAYEY SILT, trace fine sand. Silt competancy and T
I sand content increase towards basaj contact . T
+ g“\féaés Trace shell and wood fragments up to 2" L. and T
T PCBS scattered worms, Trace hydrogen sulfide odor. T
T4 o TBT bulk ) ] 4]
1 = Pesticides Homogenized for - 1
T Conventionals sample 1J-C6 T
L Grain Size T
T8T porewater +
Archive I
Dioxins (14-C6} 1
2 = v T (N o) i i 1-F1 2~
ML: wet, soft, greenish biack (GLEY 1, 2.5/10Y) 1
CLAYEY SILT, few fine sand. Trace roctleis and +
ry wood fragments. N 1
Archive I
o3 |2 | 35—
4 4—L
@ 3.8": seam of wood fragments (lumbered) 1
L g 5
| & R N u -
! ML: moist, medium-sfiff, very dark greenish gray I
(GLEY 1, 3/1QY) CLAYEY SILT, little sand. Celoris T
motiled black and greenish gray. I
End of core at 6.8".
In-situ depth = Recovered Interval { % Recovery
Method assumes compaction is the same
throughout the core.
The RETEC Group, Inc. Remarks: Drive notes: easy {(6.8"), no refusal.

1011 5W Klickitat Way, Suite 207
Seattle, WA 98134-1162
Phone: {206) 624-9349

Fax: (206) 624-2839

Calculated Recovery
Sample Length/Penetration Length:

6.8 /6.8

=100 %




Sediment Core Log Sheet 1 of 1
1J-30
Project: POB [&J Waterway . Water Body Type: Marine Tube Length {ft): 8.0
Project #: PORTB-18448-310 Water Elevation (fty/Tide: -0.5 Penetration Depth (f): 7.0
Client: Port of Bellingham Water Depth (ft): 15.3 Sample Quality: Good
Collection Date: 08/14/06 Mudtine Elevation (ft}; -«15.8 . Recovery in ft (%). 6.5 {93)
Contractor: MSS NLAT: 48 453170 EJLONG: 122 29.5745 Process Date: 06/15/06
Vessel: R/V Nancy Anne Horiz. Daturn:NAD 83 Vert. Daturn: MLLW Process Method: Cut tube
Operator: Bill Jaworski Methed/Tube ID: Vibracorer/3™ round Al Logged By: L.McKee, C.Brackeit
B P
O = £ # o = i : Y] )
B2l 53| < g Sed:.mept Description Comments In-situ
é Bl = E|g%E o Classification Scheme: USCS for Recovered Depths {f
g o E g = B < Contacts are recovered depth Depths & Graphic Log
——0 0
I L1 ML: wet, very soft, black (GLEY 1, 2.5/N) SILT, few REN
i fine sand. Trace eel grass blades and mussel shell
+ L fragments up to 1" L. !
T Metals ~ } T T T T T T s o e Homogenized for
+ SVOCs ML: wet, soft, black (GLEY 1, 2.5/N) SILT, few fine sample 1J-C4-S1
+ PCB sand. Trace sheli fragments up to 0.5" L and
T T8T bulk rooflets. Silt has increased competancy.
——1 Pesticides 1
T rT Conventionals [~~~ ~~"-7- - Toomem o e m o m T T T -
L Grain Size ML: moist, soft, very dark gray (GLEY 1, 3/N) F4- T
i TBT porewater | CLAYEY SILT, few fine sand. Frace wood
L @ Archive fragments.
I 2
| Dioxins (1J-C4-81)
r Bioassays (1J-C4-
S e ) N 2
I ML: moist, soft, very dark gray (GLEY 1, 3/N) L
1 CLAYEY SILT, few medium sand. Trace rootlets,
+ Trace hydrogen sulfide cdor.
.__:_.3 3
T : ML: meist, medium stiff, dark reddish brown {8YR, |
4 2.5/Zy WOODY SILT, little sand. Wood fragments
E and chips are up to 3" L. Sand grains are medium to
1 coarse, angular, pootly sorted, multicolored (black,
1 Metals white, brownish-green), and non-native looking. Homogenized for
+ S}fggs Moderate hydrogen sulfide odor. sample J-C4-82
1 4 @ TBT bulk . 4
T v Pesticides Bag @ {.0 (Sa'f'd'
J Conventionals non-native iooking).
1 Grain Size @ 3.8" Strong hydrogen suifide odor. 4
] TET porewater
J Archive
] Dioxins {1J-C4-52)
T Bioassays (IJ-C4-[ ML: moist, medium stiff, very dark gray (GLEY 1,
____5 P 82) 3/N) SILT, few mediur sand. Trace hydrodgen 5
J . sulfide odor.
i Archive
] N ML.: moist, soft, very dark gray (GLEY 1, 3/N} [
J - CLAYEY SILT, few medium sand. Trace roctlets.
1 End of core at 6.1 o
g | In-situ depth = Recovered Interval / % Recovery - &
1 Method assumes compaction is the same
T throughout the core.

The RETEC Group, Inc. Remarks: Drive notes: freefall (0-3"), easy (7.0, no refusal.
1011 SW Kiickitat Way, Suite 207 (0 y{7.0) Calculated Recovery

Seattle, WA 98134-1162 Core shoe was 50 % full of black sandy silt with wood. Sample Length/Penetration Length:
Phone: (206) 624-9349

Fax: (206) 624-2839 ’ 85/7.0 =93 %




1J-31

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft):

8.0

Project # PORTB-18448-310

Waler Elevation (ft)/Tide: +1.0

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (ft): 16.8

Sample Quality: Good

Collection Date: 06/14/06

Mudline Elevation (ft); -15.8

Recovery in ft {%): 6.9 (89)

Contractor: MSS

N.JLAT: 48 45.3238 E/LONG: 122 29.5602

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83  Vert. Datum: MLLW

Process Method: Cut tube

Operator; Bill Jaworski

Method/Tube ID: Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

i ® > o " . e
g 3 E 5| 8= 8 Sediment Description Comments Inesitu
g 2|3 § é % E Classification Scheme: USCS for Recovered Depths (ft
g o é 3 2 5 Contacts are recovered depth Depths 8 Graphic Log
T ML: wet, soft, biack (GLEY %, 2.8/N) SILT. Trace T
T leaf and wood fragmenis up to 3" L. 1
I L Metals Lo o o e e e e Homogenized for L1 1
T Shocs ML: moist, soft, black (GLEY 4, 2.5/N) SILT with 2* | Sample J-C4-51 t
+ TBT bulk diameter pockets of clay. Silt has increased +
-1 Pesticides competancy. Trace rootlets. Trace hydrogen sulfide T
o Conventionals odor. I
Grain Size @ 1.2" 2" thick layer of moist, soft, black (GLEY 1, T
2, TBT porewater | 2 5/N) SILT, few medium sand. Trace wood n 1
Archive fragments up to 0.25" L. Moderate hydrogen sulfide T
Dioxins (13-C4-51) odor. T
g Bicassays (IJ-Cd~ P |
4 51} 1
@ 2.2 layer of fish scales up to 0.5" L. I
wtes | il al
I Metals ML: moist, medium stff, black (GLEY 1, 2.5/N) T
1 $V0OCs SILT, few coarse sand and clay, trace sub-angular o
I 8 PCB gravel. Sand is simifar to that found in 1J-30, N r
1 TBT bukk Gravel is up to 1" diameter. Trace dark red (5YR, Homogenized for i
T Pesticides 2.5/2) wood fragments up to 3" L. sample 1J-C4-82 r
4 Conventionals X
4 Grain Size -
T TBT porewater | CL. damp, stiff, greenish gray (GLEY 1, 5/GY)
< Archive CLAY. Clay is of high plasticity, rolls well, and is
1 Dioxins (I-Ca-s2)| T"oNY competant.
I Bioassays (l4-C4-
i 82)
S -
Ts End of core 4t 6.5, 61
L In-situ depth = Recovered Interval f % Recovery 1
r Method assumes compaction is the same +
I througheut the core. I

The RETEC Group, Inc.

Seattle, WA 981341162
Phone: (206) 624-9349
Fax: (208) 624-2839

1611 SW Klickitat Way, Suite 207

Remarks: Drive notes: freefall (4.5), moderate (5.0'), hard (7.0'), no

refusal. Core shoe was full of stiff, gray, clay.

Calculated Recovery
Sample Length/Pensatration Length:

69 /7.0

=99 %




1J-32

Sediment Core Log

Sheet 1 of 1

Project: POB 1&J Waterway

Water Body Type: Marine

Tube Length (ft): g

.0

Project #: PORTB-18448-310

Water Elevation (ftyTide: +2.6

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (fl): 3.7

Sampie Quality: Good

Cofllection Date; 06/14/06

Mudiine Elevation {ft): -1.1

Recovery in ft (%): 4.2 (60)

Contractor: MSS

N./LAT: 48 45.3292 E/LONG: 122 29.5429

Process Date: 06/15/06

Vessel: RV Nancy Anne

Heriz. Datum: NAD 83  Vert. Datum; MLLW

Process Method: Cut tube

Cperator: Bill Jaworski

Method/Tube D Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

Fax: (206) 624-2839

1011 SW Klickitat Way, Suite 207
Seattie, WA 98134-1162
Phone: (206) 624-9349

Core shoe was full of dark gray sand with moderate

sulfide od

OF.

Calculated Recovery
Sample Length/Penetration Length:

4.2 170

=60 %

© Fa i
=i c ## £ R : ’gs .
% € 53 g < o Sediment Description Comments In-sity
=3 — b © H H .
g 8 3 E |3 ‘-% E glassxﬁcatlon Scheme: USCS for Recovered Depths (it)
g c &é g € 3 ontacts are recovered depth Depths & Graphic Log
1 9 . Melals ) | K DA — 0_——
1 SVOCs SP: molst, medium dense, dark gray (GLEY 1, 4/N) . . I
1 . PCB FINE SAND, few silt. Jumbled texture. Trace intact .. T
1 . TBT bulk clam shells up to 2" L and rootlets. Scattered wood .. 1
+ . Pesticides fragments up fo 3" L. Moderate to strong hydrogen .
+ . Conventionals | sylfide odor. Homﬁge;g%ef;d;?;r o L
1 - T Grain Size @ 0.0-0.8" Shell fragments with trace intact shells sample h-be- T
+ . BT parewater | /= Tou | ..
+ @ Sulfides P ’ .
—1 . VOCs . 1]
E . Archive
3 . Dioxins (14-C4-51)
T . Bioassays (lJ-C4- .
1 . 51) 0
1 . Metals
——2 - Sv0OCs 2]
1 . PCB Homogenized for ]
1 THT bulk sample 1J-C4-52
. |@ o
1 R Pesticides T
1+ . Conventionals 4
o Grain Size bo e e e e e e e — £
- . TBTSPIC;Tewater SP: moist, medium dense, dark gray (GLEY 1, 4/N) T
i \l’fo'g.ess MEDIUM SAND, trace subrounded gravel up to 2" T
Archive diameter. Scattered shell fragments. . 1
—3 Dioxins (1J-C4-82) |— . 3—
™~ Bioassays {IJ-C4- | { End of core at 3.6". T
T 82) in-situ depth = Recovered Interval / % Recovery o 1
4 ] Method assumes compaction is the same tT 1
4 Archive throughout the core, o il
4 [ i
— 4 T 45—
T I
1 N e T
T o]
The RETEC Group, Inc. Remarks: Drive notes: meoderate (7.0°), no refusal.




1J-33

Sediment Core Log

Sheet 1 of 1

Project: POB I1&J Waterway

Water Body Type: Marine

Tube Length (ft): 8.0

Project # PORTB-18448-310

Water Elevation (ft)/Tide: +1.2

Penetration Depth (ft): 7.0

Client: Port of Bellingham

Water Depth (ft); 11.2

Sample Quality: Good

Collection Date: 06/14/06

Mudline Elevation {ft}: -10.0

Recovery in ft (%): 6.8 (87)

Contractor: MSS

N./JLAT: 48 45.3149 E./LONG: 122 29.5432

Process Date: 06/15/06

Vessel: RV Nancy Anne

Horiz. Datum:NAD 83 Vert. Datum: MLLW

Process Method: Cut tube

Operator; Bili Jaworski

Method/Tube |D:; Vibracorer/3" round Al

Logged By: L.McKee, C.Brackett

I i . i
g € E 1 2E B Sediment Description Comments In-situ
£ £ o | ¢ 5 P )
§ g § E |8 %_ E Classification Scheme; USCS for Recovared Depths (ft)
g o 8 3 2 3 Contacts are recovered depth Depths & Graphic Log
= . ML: wet, very soft, greenish black (GLEY 1, 2.6/10Y) | ST I
v SILT. i +
LV T
Metals ML: moist, soft, greenish black {GLEY 1, 2.5/10Y) Homogenized for I
Syogs CLAYEY SILT, few fine sand. Trace rootlets and sample 1-C4-51 T
TBT buk leaf stems. Grades to medium sand below 1.5', +
1 L " [
Pesticides Trace hydrogen sulfide odor. 1
Conventionals 1
Grain Size T
v TBT porewatler I 4
Archive - -
Dicxins (1J-C4-51) 1
2 Bioassays (}J-C4- 2—
$1) 1
3 — 3_“
Metals Homogenized for A 1
- - SVOCS  prmmmmmm e e e e e e e -| sample 1J-C4-52 +
PCB ML: moist, medium stiff, very dark gray (GLEY 1, T T
FTBT_ ‘?:;'k 3M) SILT, few fine to medium sand. Sand grains T
Commrtonals | @€ poorly sorted and angular. Scattered shredded T
4 Grain Size wood up to 2“ L. Grades to no wood below 4.2", 4—
TBT porewater | Sand content ingreases to little (26%) toward basal T
Archive contact. T
oW 4
B Dioxing {IJ-C4-52) @ 4
Bioassays (1J-C4- N T
52) 1
5 5}
CL: damp, medium stiff, greenish gray (GLEY 1, I
5/GY) CLAY, few sand. Jumbied texture. +
6 ] ittt N Bt
/ " CL: damp, firm, greenish gray (GLEY 1, 5/GY) ' +
CLAY. ] +
End of core at 6.4'. T
In-situ depth = Recovered interval / % Recovery
Method assumes compaction is the same
throughout the core.
The RETEC Group, Inc. Remarks: Drive notes: easy (7.0'}, no refusal,

1011 SW Klickitat Way, Suite 207

Seattle, WA 98134-1162
Phone: (206) 624-9349
Fax: (206) 624-2839

Core shoe was full of gray-green clay.

Calculated Recovery
Sample Length/Penetration Length:

6.8 /7.0

=97 %




'Sediment Core Processing Log | ANCHOR
Job: USACE: Squalicum and [&J Waterways Station 1D: I ( ('5' ?’) QEA &=
Job No. 080202-01 Date/Time: 9 _§¢ — A &//
No. of Sections: / Core Logged By: (7~ /_
Drive Length: 77 Attempt# ) ., £ A
Recovery: ¢ «f Type of Core [ ] Mudmole [ Vibracore [] Diver Core
% Recovery: ¢ 2./ . Diameter of Core (inches) 3.5/ lekxat? — Core eipdenl.
Notes: T Core Quality D Good [JFair [J Poor [] Disturbed
£< g S| E Classification and Remarks i = T 5
zE = | = | = (Density, Moisture, Color, Minor Constituent, MAJOR ’ ? E E o
t;:f} é o | 818 Constituent, with Additional Constituents, Sheen, Odor) & an {_l _—
855 hos it g Lot oy o
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APPENDIX E

DIOXIN AND FURAN CONGENER
PROFILES




1 INTRODUCTION

This Appendix summarizes the dioxin/furan (D/F) congener profile comparison for I1&]
Waterway. The evaluation was conducted to support the conceptual site model by
identifying similarities and differences in D/F congener profiles of Site sediment to other
sediment samples outside of the Site and to potential sources of sediment contamination.
D/Fs are produced as byproducts in a variety of processes, such as waste incineration or
automobile emissions, and these different processes produce differing congener
compositions. This evaluation was performed by qualitatively comparing congener profiles
from 1&] Waterway samples to samples collected from Bellingham Bay, sediment samples
collected from near the Georgia-Pacific (GP) outfall and within the Aerated Stabilization

Basin (ASB), and standard reference profiles from known sources.

The following sections review the method for developing congener profiles, the selection of

reference profiles, and conclusions from this analysis.
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2 DATA

The congener analysis was performed for all D/F surface and subsurface sediment samples in
I&] Waterway and one catch basin solids sample. Specific dioxin-like congeners measured at
the site include seven polychlorinated dibenzodioxin (dioxin) and ten polychlorinated
dibenzofuran (furan) congeners. The D/F profiles were shown in two ways to better
interpret trends in relative congener concentrations:
1. Concentrations of 16 congeners were normalized to the total concentration of all 16
congeners.
2. The toxic equivalency (TEQ) concentrations of the congeners (concentration times
the toxic equivalency factor for each congener). The TEQ concentrations are

normalized to the total TEQ for all congeners.
For calculating TEQs, 0.5 times the estimated detection limit was used for non-detect.

The samples were presented in groups to more easily interpret trends in the data, as follows:
1. Congener profiles in the 2011 Dredged Material Management Program (DMMP)
subsurface sediment core sampling in 1&] Waterway federal navigation channel. This
sampling included eight samples, one from within the I&] Waterway Site (I-1) and
seven outside the Site up to approximately 3,000 feet from the Site (Figure 1),
providing a direct comparison of congener profiles within the I&] Waterway Site and
Bellingham Bay.
2. All other congener profiles in 1&] Waterway:
a. Surface sediment samples
i. 2012 sampling: IJ12-01 through IJ12-08 and IJ12-58
ii. 2013 under-dock sampling: IJ13-SS-101, 151, 102
b. Subsurface sediment samples
i. 2005 DMMP composite samples: IJ-C3-S1, IJ-C4-S1, IJ-C4-S2, IJ-C5-S1,
IJ-C6-S1
ii. 2013 Under-dock discrete samples: IJ-13-VC-101, IJ-13-102-2-4, IJ-13-
102-4-5.4
c. 2012 catch-basin solids sample from Hilton Avenue stormwater line: CB-002
3. Congener profiles in sediment near the GP outfall and from within the ASB, which

has a distinct D/F signature.
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Data

In addition, multiple reference profiles are available for comparison and are provided in an
attachment to this Appendix. The analysis performed for the Rayonier sediment site of the
Rayonier Mill Off-Property Soil Dioxin Study Final Project Report (Ecology and
Environment, Inc., 2011; Attachment 1) in Port Angeles includes profiles from multiple local
sources (e.g., local hog-fuel burners) and general sources (e.g., diesel fuel), presented as bulk
concentrations normalized to totals and as TEQ concentrations. EPA, 2006, also provides a
series of reference profiles from various sources presented as bulk concentrations normalized

to totals only (Attachment 2).
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3 PROFILE COMPARISON

This section provides a series of qualitative observations based on comparison of congener
profiles. Figures 2 and 3 show congener profiles from the 2011 DMMP subsurface sediment
core sampling in the federal navigation channel, from within the I&] Waterway Site (I-1)
and extending into Bellingham Bay. The profile from within the I&] Waterway Site (I-1) is
similar to profiles farther out in the bay (I-2 through I-7). In Figure 2, these profiles
generally contain approximately 80% OCDD, with smaller components of 1,2,3,4,6,7,8-
HPCDD and OCDF. Figure 3 summarizes congener TEQ normalized to the total TEQ, which
shows 1,2,3,4,6,7,8-HPCDD generally between 20 and 30%, with smaller portions of
1,2,3,7,8-PECDD (generally 10 to 20%) and 1,2,3,6,7,8-HXCDD (10 to 15%). These suggest

all samples are similar, with no consistent trend moving out into the bay.

Figures 4 and 5 show congener profiles for all other surface sediment and subsurface
sediment samples in I&] Waterway as well as the catch basin solids sample. All surface
sediment samples consist of approximately 80% OCDD (Figure 4), consistent with 2011
DMMP samples. 2012 DMMP composite subsurface sediment samples also matched this
pattern. Subsurface sediment samples from under the Bornstein Seafoods dock (IJ13-VC-101
and 102) and the catch basin sample (CB-002) contained less OCDD than other samples
(approximately 65%-75%). For these four samples, the reduced percentage of OCDD
resulted in higher contributions from all other congeners, most notably from the furans
1,2,3,4,6,7,8-HPCDF and OCDF.

The TEQ normalized profiles in Figure 5 show similar groupings and distinctions among
samples. All surface sediment samples and the DMMP composite subsurface sediment
samples contain TEQ contributions from 1,2,3,4,6,7,8-HPCDD of greater than 25%,
consistent with 2011 DMMP samples. The subsurface sediment under the dock and catch
basin solids sample have contributions of this congener of less than approximately 10% and

comparatively higher concentrations in furans and 1,2,3,7,8-PECDD.

Figures 6 and 7 show the profiles from GP and ASB samples, which indicate a different
profile than any I&] Waterway sample profiles. In Figure 6, OCDD contributes generally
30% to 50% to total concentrations. GP and ASB samples are also notable for higher dioxin

concentrations (in particular 1,2,3,4,6,7,8-HPCDD) and lower furan concentrations. The

Appendix E: Dioxin and Furan Congener Profiles October 2014
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Profile Comparison

TEQ-normalized profiles for GP and ASB samples in Figure 7 indicate large contributions to

TEQ concentrations from 2,3,7,8-TCDF, unlike any I1&] Waterway profiles.

EPA, 2006 reference profiles (Attachment 1) contain several potential source with OCDD-
dominated profiles. These include wood waste combustion, cement kilns, oil-fired electrical
generation, pulp and paper mills, diesel truck exhaust, automobile exhaust, and forest fires.
Many combustion sources, such as waste incinerators, backyard refuse barrel burning, coal-
fired electrical generating facilities, petroleum refineries, and smelters contain higher

contributions from furans.

Reference profiles in the Rayonier Mill Off-Property Soil Dioxin Study (Ecology and
Environment, Inc., 2011; Attachment 2) indicate similar OCDD-dominated profiles from
select hog-fuel boilers, sewage sludge incineration, tire combustion, truck diesel, unleaded
gas, residential wood burning, oil-fired burner, forest fire, and pentachlorophenol. For TEQ
normalized profiles, profiles with a prominent 1,2,3,7,8-PECDD peak include select hog-fuel
boilers, oil-fired boiler, and forest fire. Pentachlorophenol has a prominent 1,2,3,4,6,7,8-
HPCDD peak, and truck diesel emissions contain prominent peaks for both of these

congeners.
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4 CONCLUSIONS

This qualitative analysis was performed for the purpose of making qualitative assessments of

potential sources of dioxins/furans in 1&] Waterway. Based on this qualitative analysis,

several observations can be made, as follows:

2012 DMMP samples from within the I&] Waterway Site have similar profiles to
samples the federal navigation channel in Bellingham Bay up to 3,000 feet away.

1&] Waterway surface sediment and subsurface sediment composite samples show
similar profiles throughout the site and are very similar to the 2012 DMMP samples.
Subsurface sediment samples from under the Bornstein dock and the catch basin
sample have slightly different profiles from all other sediment samples from the Site.
Surface sediment samples from beneath the dock are similar to surface sediment
samples from the remainder of the waterway and are different from subsurface
samples beneath the dock. This suggests no ongoing contribution from the Hilton
Avenue stormwater system. Subsurface sediment samples from under the dock were
collected from deeper intervals just above the native clay layer, which are likely
associated with some other historical source closer to the time of original dock
construction (1947) and original channel dredging (1966). Sediment beneath the
dock will be remediated for other COCs that will also address elevated dioxin/furan
concentrations.

1&] Waterway samples do not resemble GP or ASB sediment samples.

Comparison to reference profiles suggests that I&] Waterway surface sediment and
composite subsurface sediment samples are consistent with urban activities, primarily
associated with stormwater inputs from sources that could include diesel emissions,
historical atmospheric deposition from hog-fuel burning, and other industrial
activities. These D/F profiles indicate a general stormwater source not attributable to
any site-associated release/activity, consistent with the conceptual site model

presented in Section 7.1.
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Attachment 1. Ecology and Environment, Inc., 2011 Congener Profiles
Excerpt from Ecology and Environment, Inc., 2011.
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Dioxin/Furan Source Profiles

An inventory of chemical patterns for multiple dioxin/furan sources is presented graphically in
this appendix. The data sources used to compile this inventory of dioxin/furan profiles are listed
as references below and are identified for each source. Not every potential source for
dioxins/furans is included here, but most of the major sources are represented.

The toxicity of dioxins/furans is evaluated based on 17 2,3,7,8-substituted congeners, which are
a small subset of the total number of congeners. Source profiles presented here reflect those 17
2,3,7,8-substituted congeners. For each source, two profiles are presented: one based on bulk
congener concentrations (blue), and a second one based on calculated TEQ values (red).?” The
set of TEF values used to scale bulk congener concentrations has changed over time. All of the
TEQ profiles presented here were developed using the current set of TEFs (WHO-2005; Van den
Berg et al. 2006) to calculate TEQs from original bulk concentrations. The TEQ profiles are thus
presented on a consistent and equivalent basis.

Both the bulk profiles and the TEQ profiles are normalized (sum over 17 congeners equals 1) so
that they reflect chemical patterns and not magnitudes. The Y-axis scale can be understood as
fractional contribution to the total; the bar heights thus represent the fractional contributions of
individual congeners, and the set of such contributions provides the source profile. (Note that the
Y-axis scales vary across sources depending on the maximum congener contributions). The X-
axis for all profiles lists the 17 2,3,7,8-substituted congeners in the same order. Dioxin/furan
chemical profiles presented in this manner support visual comparisons both within and across
sources.

Comparing the bulk (blue) and TEQ (red) profiles for individual sources shows that there are
large shifts in the chemical profiles depending on which measure is used. TEF values range over
more than 3 orders of magnitude and the rescaling of bulk concentrations by TEFs has a large
impact on the profile shape.

Comparing the profiles of one type, either bulk or TEQ, across various sources shows that there
are differences in the patterns from one source to another. These differences can be used as one
factor in evaluating the likely contributions of various sources to measured dioxin/furan
concentrations, for example in unmixing analyses.

The profiles shown here are representative of the listed sources, but variability in the profiles
within a single source type should be recognized. One facility may have somewhat different

22 For all profile types except two, bulk congener concentrations were used as a starting point and then scaled using
TEFs to develop TEQ profiles. The exceptions are the class of residential wood burning profiles and the asphalt
plant profile, which were available only as TEQ profiles in EPA 2006 [reference 7 below]. Bulk congener values
for those two types of profiles were derived from TEQ profiles [adjusted to reflect WHO 2005 TEFs] by dividing
each congener TEQ value by its appropriate WHO 2005 TEF. Because the TEF-scaled values are given as 0 for
most OCDF and some OCDD entries in the EPA 2006 profiles for residential wood burning, back calculations of
bulk concentrations for those congeners in the residential wood burning profiles may be zero, which may be an
artifact of the way in which TEQ profiles are reported in EPA 2006.
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profiles over time, especially if there are changes in facility feedstocks, operations, or pollution
controls. Different facilities within a source class are also expected to show some degree of
variation in profiles. Laboratory analyses of typically low-concentration dioxins and furans also
introduce variability in the results. In cases where multiple datasets are available for a single
source type, variability in profiles has been demonstrated. Applications of dioxin/furan profiles
like those compiled here should take such variability within source class into consideration.

This graphic inventory of dioxin/furan profiles illustrates that bulk and TEQ profiles can differ
for a source and that sources have different profiles.
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Attachment 2. U.S. Environmental Protection Agency 2006 Congener Profiles

EPA, 2006. An Inventory of Sources and Environmental Releases of Dioxin-Like Compounds in the United States for
the Years 1987, 1995, and 2000. 600/P-03/002F. November 2006

Municipal Waste Combustor with Hot ESP Municipal Waste Combustor with DS/FF

12% 16%

14%
10%

12%
8%

10%
6% 8%

6%
4%

4%
2%

2%
0% 0%

N\ \J \J D \d \d \J \d od \d ol o \ \ N\ N\ ] \d ol N\ \J \J N A D \ N\ ) D
SRR - -G SR SR G S AR PRI SR SR NS R SR SRR AR A R AN P
PP P PP P 5 PR R LN T A A, S, T R SR A4
A S N i AP L T g s MG @R GR N S M A LG G P S . 4
o @ & & & & & & &g o o Y & & & & KX

Medical/hospital Waste Incinerators Hazardous Waste Incinerators
12%
8%
10% 7%
6%
8%
5%
6% 2%
3%
4%
2%
2%
1%
0% 0% -
X X R LR R X R R R OO X X R R D R XX R R R O D
SR R A S A R A R G R L
“‘9@0&@@@&0°‘°“°§‘é<é<q§<q§<,\<(\',\q'3’§'§” € 9 e & oy ST ET T T & &Y S

Figure 1-10. Congener profiles (as percent distributions to the sum of
CDDs and CDFs) of anthropogenic sources of chlorinated dibenzo-p-
dioxins and chlorinated dibenzofurans in the United States.

On the basis of inspection and comparisons of the average CDD/CDF congener profiles
across combustion and noncombustion sources, the following observations were made (Cleverly

et al., 1997) (these generalizations are derived from this data set, and their application beyond
these data is uncertain):

» It appears that combustion sources emit all 2,3,7,8-substituted CDDs/CDFs, although
in varying percentages of total CDDs/CDFs.

* In combustion source emissions, 2,3,7,8-TCDD is usually 0.1 to 1% of total
CDDs/CDFs. The exception is stack emissions from industrial oil-fired boilers,
where the available but limited data indicate that 2,3,7,8-TCDD constitutes an
average of 7% of total CDD/CDF emissions.
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Figure 1-10. Congener profiles (as percent distributions to the sum of CDDs and
CDFs) of anthropogenic sources of chlorinated dibenzo-p-dioxins and chlorinated
dibenzofurans in the United States (continued).

» It cannot be concluded that OCDD is the dominant congener for all combustion-
generated emissions of CDDs/CDFs. OCDD dominates total emissions from mass-
burn MWCs that have DSs and FFs for dioxin control, industrial oil-fired boilers,
industrial wood-fired boilers, unleaded gasoline combustion, diesel fuel combustion
in trucks, and sewage sludge incinerators. The dominant congeners for other
combustion sources are 1,2,3,4,6,7,8-HpCDF in emissions from mass-burn MWCs
equipped with hot-sided electrostatic precipitators (ESPs), hazardous waste
incineration, and secondary aluminum smelters and 2,4-D salts and esters; OCDF in
emissions from medical waste incineration and industrial/utility coal-fired boilers;
2,3,4,7,8-PeCDF in cement kilns burning hazardous waste; and 2,3,7,8-TCDF in
cement kilns not burning hazardous waste.
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Figure 1-10. Congener profiles (as percent distributions to the sum of CDDs and
CDFs) of anthropogenic sources of chlorinated dibenzo-p-dioxins and chlorinated
dibenzofurans in the United States (continued).

Evidence for a shift in the congener patterns potentially caused by the application of
different air pollution control systems within a combustion source type can be seen in
the case of mass-burn MWCs. For mass-burn MWCs equipped with hot-sided ESPs,
the most prevalent CDD/CDF congeners are 1,2,3,4,6,7,8-HxCDF; OCDD;
1,2,3,4,6,7,8-HpCDD/1,2,3,4,7,8-HxCDF; 2,3,4,6,7,8-HxCDF/OCDF; 1,2,3,6,7,8-
HxCDF. The most prevalent congeners emitted from MWCs equipped with DS/FF
are OCDD; 1,2,3,4,6,7,8-HpCDD; 1,2,3,4,6,7,8-HpCDF; OCDF; and 2,3,7,8-
TCDF/1,2,3,4,7,8-HxCDD:; 2,3,4,6,7,8-HxCDF.

There is evidence of marked differences in the distribution of CDD/CDF congeners
between cement kilns that burn hazardous waste and those that do not. When not
burning hazardous waste as supplemental fuel, the dominant congeners appear to be
2,3,7,8-TCDF; OCDD; 1,2,3,4,6,7,8-HpCDD, and OCDF. When burning hazardous
waste, the dominant congeners are 2,3,7,8-PeCDF; 2,3,7,8-TCDF; 1,2,3,4,7,8-
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Figure 1-10. Congener profiles (as percent distributions to the sum of CDDs and
CDFs) of anthropogenic sources of chlorinated dibenzo-p-dioxins and chlorinated
dibenzofurans in the United States (continued).

xCDF; and 1,2,3,4,6,7,8-HpCDD. When burning hazardous waste, OCDD and

OCDF are minor constituents of stack emissions.

* The congener profile of 2,4-D salts and esters seems to mimic a combustion source
profile in the number of congeners represented and in the minimal amount of 2,3,7,8-
TCDD relative to all 2,3,7,8-substituted congeners. A major difference is the
prevalence of 1,2,3,7,8-PeCDD in 2,4-D (14%), which is not seen in any other
combustion or noncombustion source presented here.
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* There are similarities in the congener profiles of PCP, diesel truck emissions,
unleaded gasoline vehicle emissions, and emissions from industrial wood combustors.
In these sources, OCDD dominates total emissions, but the relative ratio of
1,2,3,4,6,7,8-HpCDD to OCDD is also quite similar.

» The congener profiles for diesel truck exhaust and those for air measurements from a
tunnel study of diesel traffic are quite similar.

Automobiles Burning Leaded Gasoline Diesel Truck Exhaust
14% 4 45% -
40% -
12%
35% -
10%
30%
8% 25%
6% 20%
15%
4% o
10% -
2%
5% 4
0% A 0% 4
R R X D R R R e R QD @
S A A A A P
P G SN S M A L S G N At © o T F S T F P S
@ @ @ QO O & LT KT Y P e & oY S & & & & Y
k) k)
Automobiles Burning UnLeaded Gasoline Crematoria
35% 12%
30% 10% -
25%
8%
20%
6% 4
15%
4%
10%
596 4 2% +
0% 0%
P R P Y. P R S GO AN AL LR P G G B T G LB G N A G G S
' ' ) 0 A © A ' ' P P o A © © S\ A\ > > P o N\ o' 4\ ' ¥ P P © A\ o' o' S\ A\
VRN R LSRR A R Y S L S LA SN N S SO LN S N N N Y G N )
“’“’“’00@@‘344«”404”@'”*0«&”@? © NOwQ&u VP N4

Figure 1-10. Congener profiles (as percent distributions to the sum of CDDs
and CDFs) of anthropogenic sources of chlorinated dibenzo-p-dioxins and
chlorinated dibenzofurans in the United States (continued).
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Figure 1-10. Congener profiles (as percent distributions to the sum of CDDs
and CDFs) of anthropogenic sources of chlorinated dibenzo-p-dioxins and
chlorinated dibenzofurans in the United States (continued).
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Appendix F

1 INTRODUCTION

This appendix presents the cost estimates for the remedial alternatives for the 1&] Waterway
FS. This appendix documents the common assumptions for all FS remedial alternatives,
including sediment removal, dredged material transloading and disposal, material placement,
remedial design, permitting, institutional controls, monitoring, and adaptive management.
Remedial approach, unit costs, and construction timeframes presented in this appendix are
based on recent project experience at other sediment remediation sites in the Puget Sound
region. The cost assumptions for remediation of the Bornstein dock area were supported by
an additional study of the dock structure and consultation with structural engineers to assess
the structural considerations on remediation of contaminated sediment under and near the
dock (see Attachments 1 and 2). All cost assumptions presented in this appendix were
developed only for the purpose of estimating FS-level costs; the final details associated with

remediation will be revisited in remedial design.

The unit cost assumptions, unit quantities for each alternative, and the costs for each
alternative are presented in Table 1. This appendix reviews the major cost and construction
assumptions for the remedial alternatives, organized parallel to Table 1. Table 2 presents the
construction timeframe assumptions for various construction components, also discussed
below. Table 3 presents the removal volume calculation for site units. Reference to the site

units can be found through this appendix; these are depicted in Figure 9-1 of the FS.

Draft Remedial Investigation and Feasibility Study Report October 2014
1&] Waterway Site F-1 090007-01



Appendix F

2 MOBILIZATION, DEMOBILIZATION, AND PRE-CONSTRUCTION ACTIVITIES

The contractor must perform a number of activities prior to and after construction of the
remedial alternatives, referred to as mobilization, demobilization, and pre-construction
activities, such as moving removal and placement equipment, barges, upland equipment, and
ancillary equipment to the site. This line item in Table 1 also includes costs for equipment
preparation, procedural costs, special insurance, bonding, preparation of staging areas,
transloading areas, stockpile areas, implementation of site controls, land lease, project

management labor, office, and preparation of pre-construction submittals.

The mobilization, demobilization and pre-construction costs are likely to be different for
each alternative. For example, the scope of Alternative 1 is significantly less than
Alternative 5 and therefore would require the mobilization of less equipment, fewer barges,
less insurance, etc. For this reason, this cost estimate assumes that costs for mobilization,
demobilization, and pre-construction would be 12% of the total construction costs for each

alternative, consistent with project experience.
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3 REMOVAL

Removal is an aspect of all remedial alternatives. Open-water dredging is assumed to
proceed relatively rapidly, with minimal delays for maneuvering equipment, debris removal,
and scheduling with existing navigational needs. This FS assumes that removal in open-
water areas would occur by dredging or excavation at a cost of approximately $20 per cubic
yard, which is equivalent to approximately 750 cubic yards per day at $15,000 per day for
equipment and labor, consistent with project experience in Puget Sound. Dredging of the
Dock Unit is assumed to occur following the removal of the dock and supporting piles, and
therefore would also occur in the “open water” with similar dredging production rates since

pilings are expected to be removed during dock demolition.

As described in Section 10.4 of the FS, dredged sediment would likely be placed on a barge
and dewatered by gravity. Water from wet sediment would be allowed to drain from the
barge through appropriate turbidity barriers such as hay bales and filter fabric. Dewatered
effluent is assumed to be discharged back to the waterway in the vicinity of dredging
operations. Once dredged material is dewatered, the barge would be moved to the
transloading facility either on site or off site, depending on the available infrastructure and
the final destination of dredged sediment. At the transloading facility, dredged sediment
could be transloaded either to trucks or directly to rail, depending on the facility. Trucks
could either drive directly to a landfill facility or to a separate rail loading facility and sent by
rail to the disposal facility. For the purpose of cost estimating, this appendix assumes that
dredged sediment would be loaded to trucks, which would drive directly a Subtitle D landfill
or a landfill permitted to accept contaminated sediment. The total cost for transloading,
transportation, and tipping is estimated to be $120 per cubic yard, based on recent project

experience.

As discussed in Section 10.4, resuspension of contaminated sediment and release of
contaminants are a well-documented outcome of environmental dredging. These residuals
are typically managed by placing a thin layer of sand similar to enhanced natural recovery
([ENR]; called residuals management cover [RMC]). This FS assumes that an average 1-foot
layer of sand (e.g., to achieve a minimum of 6 inches) would be placed across all dredged

areas, using the placement assumptions described below. However, during construction,
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chemical testing could be used to assess the need for RMC (e.g., if sediment concentrations

are less than action levels, then RMC may not be necessary).

3.1 Estimation of Removal Volumes

The depth of contaminated sediment was estimated in one of two methods, depending on
location, as presented in Table 3. For site units that do not border the shoreline (Navigation
Channel West, Navigation Channel East, Berthing Area and Coast Guard units), the depth of
contaminated sediment was estimated based on the average depth to the native clay layer
shown in Figure 3-4 of the FS. A computer aided drafting program was used to calculate the
average thickness of sediment between the elevations of the top of the clay layer and
mudline across these areas. The native clay layer represents clean native material, and the

depth to the native clay layer represents the maximum depth of contaminated sediment.

For site units that border the shoreline (Dock, Floating Dock, South Bank, Head of the
Waterway, and Coast Guard Bank units), multiple considerations were weighed to best
estimate the average depth of contaminated sediment. These considerations included the
depth of contaminated sediment in cores, the depth of contaminated sediment in adjacent

areas, and constructability of slopes (e.g., 3:1 maximum slope angle for dredging prisms).

For all site units, 1 foot was added to the average depth of contaminated sediment to account
for potential overdredging. The total average dredging depths were multiplied by the area of

each unit to estimate total dredging volumes for the remedial alternatives.

Capping the Head of the Waterway is anticipated to require sediment removal during
implementation at the toe of the cap and at the upland to of the cap. The toe of the cap is at
approximately 0 feet MLLW and at the top of a slope which grades down to the navigation
channel at steeper than 3:1 slope. For geotechnical considerations, the toe of the cap may
need to be thicker than 3 feet. For cost estimating purposes, a toe trench 3 feet deep and

10 feet wide is assumed to be necessary across the toe of the cap, for a total cap thickness of
6 feet in that location. In the upland area of the cap, partial removal is expected to be

necessary to avoid loss of aquatic land associated with placement of a 3-foot thick cap.

Draft Remedial Investigation and Feasibility Study Report October 2014
1&] Waterway Site F4 090007-01



Appendix F

Removal volume at the top of the cap is also assumed to be 3 feet deep and 10 feet wide

across the top of the cap.
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4 MATERIAL PLACEMENT

Material placement activities include the placement of capping material, ENR material, and
RMC. This FS presents several preliminary placement layer designs based on the needs of
each area. These preliminary material specifications are based on scour modeling

documented in Appendix G and will be revisited in remedial design.

e Under-dock cap: The under-dock cap (Alternatives 1 through 3 and 5) is assumed to
be 4 feet thick and consist of a 1-foot isolation layer (sand), a 1-foot filter layer
(gravel), and a 2-foot armor layer (6-inch stone). The cap would be designed for slope
stability and vessel scour.

e Head-of-the-waterway cap: The head of the waterway intertidal cap (Alternatives 1
through 5) is assumed to be 3 feet thick and consist of an isolation layer and an
appropriate gravel layer on the surface for habitat. The cap would be designed to be
protective to a depth of 45 cm to comply with the point of compliance for cleanup
levels based on direct contact (see FS Section 8.2).

e ENR (Navigation Channel — East, Coast Guard, Coast Guard Bank, and South Bank
site units): The ENR thickness is assumed to average 1 foot (minimum 9-inches). ENR
is assumed to be a sand/gravel mixture for stability in the bank areas.

e RMC in all areas except the Dock Unit: Similar to ENR, RMC thickness is assumed to
average 1 foot (minimum 9-inches) but consist of sand instead of gravel.

¢ Slope armor in the Dock Unit: Rather than placement of RMC in the Dock Unit
following dredging in Alternatives 4 and 6, armor material will be placed to stabilize
the slope from propwash forces. This is assumed to consist of filter and armor
material. Similarly, Alternatives 1 through 3 and 5 will have armor placed in a portion

of the Berthing Area Unit to support the sheetpile toe wall.

For the purpose of cost estimating, the cost of material is broken into two groups: sand and
gravel, and cap armor. Sand and gravel are anticipated to cost approximately $20 per cubic
yard delivered to the site, and 6-inch cap armor is anticipated to cost approximately $35 per
cubic yard. Sand and gravel are assumed to be the constituents of all placement layers except

the armor layer under the dock, which is assumed to be 6-inch armor stone.
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As described in Sections 10.2 and 10.3, open-water material placement would occur using
standard dredging or excavation buckets. The cost for placement for sand and gravel
materials (capping, ENR, and RMC) is assumed to be $20 per cubic yard for all open-water
areas (i.e., all placement activities except capping the Dock Unit). This is equivalent to
approximately 750 cubic yards per day at $15,000 per day for materials and labor. Cost to
place rip-rap is assumed to be double this cost, at $40 per cubic yard.

Placement of capping material in the Dock Unit is assumed to occur by casting material
under the dock with a Telebelt® or an alternative method. Casting material is significantly
slower than by bucket, and the cost is assumed to be $60 per cubic yard, based on
approximately 250 cubic yards per day at $15,000 per day for materials and labor. Placement
of slope armor in the Dock Unit is assumed to have the same unit cost of open-water

placement because the dock would be removed at the time of filter/armor placement.
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5 STRUCTURAL COST COMPONENTS

All alternatives include at least one structural cost component that will be necessary to
perform remediation. The structural cost components identified for one or more remedial
alternatives include sheetpile toe wall, Bornstein dock replacement, moving and restoring
the Bornstein floating dock, moving and restoring the Coast Guard dock, and bulkhead

replacement.

The sheetpile toe wall is an aspect of Alternatives 1, 2, 3, and 5, aligned between the Dock
Unit and the Berthing Area Unit to support under-dock capping on one side, and dredging of
the Berthing Area on the other. The sheetpile is also designed to reduce the potential
structural impact to the adjacent dock due to dredging the Berthing Area. The wall is
expected to be approximately 10 feet high and cost approximately $3,800 per linear foot.
Preliminary structural costs are provided in Attachment 1. Costs are included for
replacement of a similar fender pile system, but the details of this system would be refined
during design as the fender piles would be installed several feet from the pierface beyond the
sheetpile toe wall. Costs are not included for business interruptions to Bornstein Seafoods

operations during construction.

Geotechnical and structural evaluation indicates that removal of contaminated sediment
from under the dock would destabilize the existing dock. Therefore, for Alternatives 4

and 6, sediment removal under the dock would be accomplished following dock demolition.
The cost for dock removal and replacement of a dock with the same overwater coverage as
the existing dock is estimated to be approximately $320 per square foot. Preliminary
structural costs are provided in Attachment 1. Costs are not included for business
interruption to Bornstein Seafoods operations during construction, including temporary
relocation of the existing ice house or other equipment located on the dock or use of an

alternate nearby dock structure to serve fishing vessels.

Similar to the Bornstein dock, geotechnical and structural analysis indicates that sediment
removal adjacent to the Bornstein bulkhead would undermine and compromise the existing

bulkhead, which would require bulkhead replacement. These are estimated to cost
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$5,900 per linear foot (applicable to Alternatives 4 and 6). Preliminary structural costs are

provided in Attachment 1.

Dredging in the area of the Bornstein floating dock and/or the Coast Guard floating dock is
assumed to temporarily relocate the dock structures, pull and dispose of support piles, dredge
sediment (place RMC as necessary), reinstall piles, and reinstall the previous floating dock
structures. The costs for temporarily relocating and reinstalling the Bornstein floating dock
and Coast Guard floating dock are estimated to be approximately $94,000 and $195,000,

respectively.

The construction timeframe assumptions for these construction activities are shown in

Table 2 and are based on best professional judgment.
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6 OTHER COSTS

Table 1 provides a number of other project costs, as described below:

e Itis typical for remediation projects to have interim progress surveys throughout the
project. These surveys are assumed to occur weekly (every 5 construction days) and
cost $3,000 per event.

e Sales tax is assumed to be 8.7% of total base construction costs.

e Project contingency is assumed to be 30% of total base construction costs (including
tax), consistent with other sediment remediation projects of this magnitude. This
contingency includes uncertainty in unit cost assumptions as well as uncertainty in
overall project scope (e.g., total dredging volume).

e Design and permitting and construction management support vary from $500,000 to
$750,000 depending on the alternative, consistent with other sediment remediation
projects of this magnitude.

e Water quality monitoring is assumed to be $3,000 per day, consistent with project
experience.

e Post-construction monitoring is assumed to be approximately $104,000 per
monitoring event, which is assumed to include a sampling and analysis plan,
mobilization/ demobilization, collection of approximately 20 samples over a 2-day
period, analysis, validation, and reporting. This cost estimate assumes that post-
construction performance monitoring would occur following construction, and long-
term monitoring of a similar intensity would occur for all alternatives in years 5, 10,
and 15 following construction.

e Agency review and oversight are assumed to be $30,000 per year during construction

and during years 5, 10, and 15 post construction.
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7 SUMMARY

The total construction costs are estimated to range from $5,400,000 for Alternative 1 to
$20,600,000 for Alternative 5. These costs are based on the best estimate of costs for the
remedial alternative for FS-level costing, and are accurate to a range of approximately

+50% to -30%.
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Table 1

Remedial Alternative Costs

ti Alt ti Alt ti Alt ti Alt ti Alt ti
Alterr;a ve err2|a ve err3|a ve er;a ve err;a ve er:a ve Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
Total Total Total Total Total Total
Item No. Item Description Unit Cost Unit Unit Cost Notes Quantity | Quantity | Quantity | Quantity | Quantity | Quantity Cost Cost Cost Cost Cost Cost
Pre-construction
Percent of construction costs (pre-tax, pre-contingency). Assumed to include
mobilization and demobilization of removal and placement operations, barges,
1 Mo.bl.lllzatlon/Demoblllzatlon and Pre-construction 12% ) eqmpmgnt preparatnon,} upland equnpment, anflllary equipment, procedural costs, ‘ 1 1 1 1 1 1 $ 284241 § 286,884 451,415 826,363 879,854 | ¢ 1,413,031
Activities special insurance, bonding, preparation of staging areas, transloading areas, stockpile
areas, implementation of site controls, land lease, project management labor, office,
preparation of pre-construction submittals.
Subtotal Pre-construction $ 284,241 | $ 286,884 451,415 826,363 879,854 | $ 1,413,031
Construction
3 Removal, Dewatering, Offloading, and Disposal
C istent with t ject i . Equivalent t imately 750 d
3a Open-water Dredging $ 20 oy onsIStent WIth recent project experience. tquivalent to approximately 75Uy perday| g g3 5,563 14964 | 18144 | 30093 | 39,101 |3 111,254 | $ 111,254 299,285 362,875 601,862 | $ 782,023
and $15,000 per day for equipment and labor.
Cost includes material transfer from barge onto offloading area, water management at
transloading facility, load dewatered sediment onto truck with contai truck
3b Transload, Transportation and Disposal $ 120 ¢y ransioacing factiity, load dewatered sediment onto truck with containers, truck 5,563 5,563 14964 | 18144 | 30093 | 39101 |3 667,526 | $ 667,526 1,795,712 2,177,250 3,611,172 $ 4,692,136
transport to rail facility, offloading of sediments from barges at Subtitle D landfill.
Assume 1.5 ton/cy.
4 Material Placement (Capping, ENR and Residuals Management Cover)
- " - ) " " qC
4a Furnish Sand/ Gravel $ 20 ¢y  |Basedonrecent project experience and cost estimates. Applies to Engineered Cap 4,832 5,371 6,532 6,031 7,879 4901 | 96,635| $ 107,429 130,643 120,614 157,579 | $ 99,820
Isolation Layer, Backfill, RMC, and ENR in open-water areas.
4b Furnish Armor S 35 cy Based on recent project experience and cost estimates. 1,003 1,003 1,003 0 1,003 0 S 35,103 $ 35,103 35,103 - 35,103 $ -
4c Furnish Rip-rap S 40 cy Based on recent project experience and cost estimates. 0 0 0 1,003 0 1,003 S - s - - 40,118 - 1S 40,118
4d Place Sand/Gravel-Open Water S 20 cy Based on recent project experience and cost estimates. 3,829 4,369 5,529 6,031 6,876 4,991 S 76,576 | S 87,370 110,584 120,614 137,520 | $ 99,820
4e Place Sand/Gravel-Under Dock S 60 cy Based on recent project experience and cost estimates. 1,003 1,003 1,003 0 1,003 0 S 60,177 $ 60,177 60,177 - 60,177 $ -
af Place Armor-Under Dock S 60 cy Based on recent project experience and cost estimates. 1,003 1,003 1,003 0 1,003 0 S 60,177 S 60,177 60,177 - 60,177 S -
4g Place Rip Rap S 40 cy Based on recent project experience and cost estimates. 0 0 0 1,003 0 1,003 S - s - - 40,118 - 1S 40,118
5 Structural Cost Components
5a Sheetpile Toe Wall (Dock) S 3,755 If Rough order of magnitude from KPFF analysis assuming 50 year design life. 330 330 330 0 330 0 S 1,239,000 | $ 1,239,000 1,239,000 - 1,239,000 | $ -
Rough f i f KPFF analysi i | in ki
5c Dock replacement S 324 sqft gug order o' magnitude from analysis assuming replacement in kind on 0 0 0 5,600 0 5,600 s s . . 1,817,000 s 1,817,000
existing footprint.
5d Move and restore floating dock with pile $ 93,727 Is  [Rough order of magnitude from KPFF analysis. 0 0 0 1 0 1 $ s . ; 93,727 s 93,727
replacement
M k
Se ove and restore Coast Guard dock and $ 194,665 s |Rough order of magnitude from KPFF analysis. 0 0 0 0 1 1 $ s ; ; . 194,665 | $ 194,665
structure with pile replacement
Rough f i f KPFF analysi i | in ki !
sf Bulkhead replacement $ 5,923 If ough order of magnitude from KPFF analysis assuming replacement in kind along 0 0 0 350 200 650 s s . ; 2,073,000 1,184,571| $ 3,849,857
existing delineation.
6 Surveys and Monitoring
6a Contractor weekly progress surveys | S 3,000 | wk ‘Based on recent project experience and cost estimates. Assume 5 day weeks. 7.4 | 7.6 10 14 | 17 | 22 S 22,227| S 22,659 31,109 41,040 50,289( $ 65,974
Subtotal Construction Base Costs (including mob/demob) S 2,652,918 | S 2,677,581 4,213,207 7,712,718 8211,971 | § 13,188,289
7 Sales Tax
7a |Sales Tax 8.7% - Percent of subtotal of pre-construction costs and construction base costs. 1 | 1 1 1 | 1 | 1 S 230,804 | $ 232,950 366,549 671,006 714,441 | $ 1,147,381
Subtotal Pre-construction and Construction Costs S 2,883,722 $ 2,910,531 4,579,756 8,383,724 8,926,413 [ $ 14,335,670
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Table 1

Remedial Alternative Costs

Alt ti Alt ti Alt ti Alt ti Alt ti Alt ti
err;a ve er;a ve err;a ve er;a ve err;a ve er:a ve Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
Total Total Total Total Total Total
Item No. Item Description Unit Cost Unit Unit Cost Notes Quantity | Quantity | Quantity | Quantity | Quantity | Quantity Cost Cost Cost Cost Cost Cost
Non-construction Costs
8 Pre-construction
ies b
8a | Designand Permitting a‘l’:!r'::ti\‘l’e Is Based on experience with similar projects. 1 1 1 1 1 1 s 500,000 | $ 500,000 | $ 500,000 | $ 500,000 | $ 550,000 | $ 750,000
9 During Construction
P t of tructi ts. Typical C tual-level Conti 5 mid- f EPA
9a | Construction Management Support $ 25,000 mo ercent of construction costs. Typical Lonceptual-level Lontingency; mic-range o 1.9 1.9 26 3.4 42 55 s 46,307 | $ 47,207 ¢ 64,810 $ 85,499 $ 104,770 | $ 137,445
FS Cost Guidance for contingency. Percent of pre-construction, construction, and tax.
9b Environmental Compliance
9bi Water Quality Monitoring S 20,000 mo Includes labor, equipment, materials, and analytical testing. 1.9 1.9 2.6 3.4 4.2 5.5 S 37,046 S 37,765| $ 51,848 $ 68,399 S 83,816 S 109,956
Includes SAP, b/d b, ~20 surf; di t les, analysis, validation,
obii Post-construction Performance Monitoring $ 104,000 Is rr:):rt?:g » mob/demo surtace sediment samples, analysis, validation 1 1 1 1 1 1 $ 104,000 | $ 104,000 | $ 104,000 | $ 104,000 | $ 104,000 | $ 104,000
9c Agency Review and Oversight S 30,000 Is Annually during construction. 1 1 1 1 1 1 S 30,000( S 30,000( S 30,000 $ 30,000( S 30,000( $ 30,000
10 Post-construction Costs
Includes SAP, b/d , ™2 f di t les, analysis, validation,
10a| Long-term Monitoring (years 5, 10, 15) $ 104,000 | event rr;;:r;s; » mob/demob, ~20 surface sediment samples, analysis, validation 3 3 3 3 3 3 s 312,000 | $ 312,000 | $ 312,000 | $ 312,000 | $ 312,000 | $ 312,000
10b| Agency Review and Oversight S 10,000 Annual |Assume 3 events in years 5, 10, and 15 post construction for reviews. 3 3 3 3 3 3 S 30,000( $ 30,000( $ 30,000| $ 30,000( $ 30,000| $ 30,000
10c| Cap Lease S 8,000 ac*yr 30 years. Costs could range up to $20,000/ac/yr. 29 29 29 20 29 0 S 232,800 | $ 232,800 | $ 232,800 | $ 158,400 | $ 232,800 $ -
Subtotal Non-construction Costs S 1,292,153 | $ 1,293,772 | $ 1,325,459 | $ 1,288,298 | $ 1,447,386 | $ 1,473,401
11 Contingency
i . i - i . P t of pre-
11a|Contingency 30% . |Percent of construction costs. Typical conceptual-level contingency. Percent of pre 1 1 1 1 1 1 $ 1,252,762 | $ 1,261,201 $ 1,771,564 | $ 2,901,607 | $ 3,112,139 $ 4,742,722
construction, construction, non-construction, and tax.
Total Cost $ 5,428,637 | $ 5,465,594 | $ 7,676,779 | $ 12,573,629 $ 13,485,938 [ $ 20,551,793
Total Cost (rounded) $ 5,400,000 [ $ 5,500,000 | $ 7,700,000 [ $ 12,600,000 | $ 13,500,000 [ $ 20,600,000
Notes:
Feasibility Study cost estimates are considered accurate to +50% and -30%.
Costs are contingent on regulatory acceptability and may change during remedial design and permitting.
All unit and estimated costs are probable costs based on best professional judgment, local contractor input, and experience with similar projects in the region.
Construction-related and non-construction costs do not include costs for bid tendering, agency oversight, legal, or cultural resources oversight costs.
Costs do not include long term operations and maintenance costs for sediment caps and sheetpile walls.
Lease rates for sediment caps are subject to discussion with Washington Department of Natural Resources.
Costs are based on 2014 rates and costs; no cost escalation has been applied.
EPA = Environmental Protection Agency
RMC = Residuals Management Cover
ENR = Enhanced Natural Recovery
SAP = Sampling and Analysis Plan
Draft Remedial Investigation and Feasibility Study Report October 2014
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Table 2
Estimated Construction Duration for Alternatives

. Alternative
Unit
Construction Description Assumption Unit Notes Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

Dredging Days

Open-water Dredging 750 cy/day [Based on dredge production calculations 7 7 20 24 40 52
Placement - Capping, ENR, and RMC Days

Placement - Open Water Sand or Gravel 750 cy/day [Based on recent Puget Sound project experience 5 6 7 8 9 7

Placement - Under Dock Sand or Gravel 250 cy/day [Based on recent Puget Sound project experience 4 4 4 0 4 0

Placement - Under Dock Armor 250 cy/day [Based on recent Puget Sound project experience 4 4 4 0 4 0
Improvements Days

Sheetpile and Bulkhead 20 If/day |Best Professional Judgement 17 17 17 18 27 33

Dock Replacement 300 sq ft/day |Best Professional Judgement 0 0 0 19 0 19
Total Construction Time Days

Total construction time Total of all operations 37 38 52 68 84 110
Notes:
cy = cubic yards
ENR = enhanced natural recovery
If = linear feet
RMC = Residuals Management Cover
sq ft = square feet
Draft Remedial Investigation and Feasibility Study Report October 2014
1of1 060003-01.101
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Table 3

Removal Volumes

Average Depth of

Assumed Overdredge

Average Dredging Depth

Dredge Volume for Full

Site Unit Contamination (ft) Basis Depth (ft) (ft) Area (acre) Removal (cy)
Full Removal
Calculated in CAD based on the depth to th
Navigation Channel West 7.1 alculated in ased on the depth to the 10 8.1 0.72 9,402
clay layer
Calculated in CAD based on the depth to th
Navigation Channel East 8.3 alcufatediin ased on the depih to the 1.0 9.3 0.41 6,095
clay layer
Coast Guard 9.9 Calculated in CAD based on the depth to the 10 10.9 0.28 4,984
clay layer
Coast Guard Bank 40 Estimated considering sediment cores, adjacent 10 5.0 0.15 1,170
areas, and slopes
Berthing Area 3.0 Calculated in CAD based on the depth to the 10 9.0 0.24 3,443
clay layer
Dock 5.6 Estimated considering sediment cores, adjacent 10 6.6 0.17 1,831
areas, and slopes
Floating Dock 5.0 Estimated considering sediment cores, adjacent 1.0 6.0 0.14 1335
areas, and slopes
South Bank 43 Estimated considering sediment cores, adjacent 10 53 0.33 2,879
areas, and slopes
Estimat i i i t j t
Head of Waterway 6.5 stimated considering sediment cores, adjacen 1.0 75 0.66 7,948
areas, and slopes
Site-wide Totals 6.8 n/a 1.0 7.8 3.1 39,087
Partial Removal for Capping the Head of the Waterway (toe trench for geotechnical considerations and upland removals for habitat mitigation)
Head of Waterway n/a Assume 3ft of removal in 2/3 of the area n/a 3.0 0.44 2,119
Notes:
cy = cubic yards
ft = feet
n/a = not applicable
Draft Remedial Investigation and Feasibility Study Report October 2014
1&] Waterway Site 1ofl1 09007-01.02
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m Consulting Engineers

March 26, 2014

Mr. Dan Berlin, Anchor QEA
720 Olive Way #1900
Seattle, WA, 98101

Re: DRAFT Port of Bellingham 1&J Waterway Structural Dredging Options
Dear Mr. Berlin,

KPFF has been supporting Anchor QEA in evaluating the structures that may be affected due to
dredging operations in the 1&J Waterway, located in Bellingham, Washington. The structures
that are affected include the Bornstein Seafood timber dock, and the adjacent timber bulkhead
on the south shoreline. KPFF has evaluated several options to allow for dredging to occur
adjacent to the existing structures.

The existing timber dock deck elevation is approximately +16.5 MLLW, with a top of pile
elevation of approximately +14.0' MLLW. Based on the Pile Integrity Testing (PIT) that was
completed, the piles have an average length of approximately 37 feet. Therefore, the pile tip
elevation is approximately -23.0' MLLW. Dredging to a depth of -20" MLLW is expected to occur
at the dock face, and the dock piles may have as little as 3 feet of embedment. Due to the
potential dock instability, it was determined that the piles would need to be replaced or a sheet
pile toe wall would need to be installed.

Option 1: Complete Dock and Bulkhead Replacement

The first option evaluated includes dredging all contaminated sediment in front of, and under
the existing timber dock. The dredging required for this option would most likely compromise the
structural integrity of the existing timber dock, and undermine the upland timber bulkhead due to
their existing condition.

The existing timber bulkhead is approximately 350 feet long, and constructed with timber piles
and timber lagging. A replacement bulkhead designed to today’s standards would consist of
new steel sheet pile bulkhead with drilled tiebacks that would be installed directly in front of the
existing bulkhead. The area between the walls would be backfilled.

The existing timber dock is approximately 160 feet long, 35 feet wide and supported on timber
piling. A replacement dock designed to today’'s standards would consist of concrete piles, a
concrete deck, and would occupy the same footprint as the existing timber dock. Option 1 will
cause disruptions to ongoing site operations.

Option 2: Sheet Pile Toe Wall

The second option evaluated involves dredging in front of the existing dock, with a cap placed
on the slope underneath the dock. KPFF determined that an underwater toe wall would be
required at the face of the dock to retain the capped soil and prevent dock instability due to the

101 Stewart Street, Suite 400, Seattle, WA 98101 (206) 382-0600  Fax (206) 382-0500

Seattle Tacoma Portland San Francisco Sacramento Los Angeles Long Beach Irvine San Diego Phoenix St. Louis New York Chicago



Mr. Dan Berlin, Anchor QEA
March 26, 2014
Page 2

limited pile embedment. The steel sheet pile toe wall would be driven in front of the existing
dock structure, and would be approximately 250 feet long. This wall would stabilize the soill
under the dock, and allow for dredging of the waterway.

The risks for this option include potential instability of the dock piling due to the vibrations
caused by the toe wall installation which may require modifications to the dock to ensure its
stability (these costs have not been estimated). In addition, the dock fender system would likely
need to be replaced and extended farther into the waterway to allow for the toe wall installation.
Option 2 will cause fewer disruptions to ongoing site operations than Option 1.

We appreciate the opportunity to complete this work for Anchor QEA and the Port of
Bellingham. Please contact us at (206) 382-0600 if you have any questions or require any
additional information.

Sincerely,
Trevor Lighty, PE Bob Riley, PE, SE
Structural Engineer Principal

KPFF Consulting Engineers KPFF Consulting Engineers
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Summary of Structural Items

4/3/2014
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Preliminary Structural Cost Summary

Structural Item Total Cost
Dock Replacement with Concrete Dock (Option 1) S 2,600,000
Bulkhead Replacement (Option 1) S 3,000,000
New Sheet Pile Toe Wall (Option 2) S 1,800,000

Assumptions

Costs include 8.7% Tax and 30% Contingency

Dock Replacement with Concrete Dock

Assumes 5600 sq ft of timber dock removal and disposal and replacement with a
concrete deck and piles. Cost includes fender replacement.

Bulkhead Replacement

Costs assume steel sheet pile wall with 16 ft exposed height, 350 feet long with
one row of tiebacks.

Toe Wall

Costs assume wall that has 13 ft retained height and is 330 LF long and that the
fender system is replaced.
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4/3/2014
DRAFT
Dock Replacement with Concrete Dock (Option 1)
Item Quantity Unit Unit Cost Cost (20143)
1.00 Mobilization/Demobilization 1 LS
2.00 Demo Dock 5,600 SQFT $36 $200,000
2.01 Demolish and remove timber dock 5,600 SQFT $15 $84,000
2.02 $60,000
2.03 $56,000
3.00 Build New Pier 5,600 SQFT $232 $1,297,000
3.01 Concrete deck 5600 sqft 2 ft thick 415 cY $1,500 $622,222
3.02 Furnish Concrete Piles 54 piles 100 LF 5,400 LF $75 $405,000
3.03 Drive Piles Concrete Piles 54 EA $5,000 $270,000
4.00 New Fender System 160 LF $2,000 $320,000
4.01 New Fender System 160 LF $2,000 $320,000
Replacement Dock Subtotal Construction Cost S 1,817,000
Contingency (30%) S 545,000
Sales Tax (8.7%) S 205,000
Replacement Dock Estimate S 2,567,000
S 458 S/SQFT

Notes

1.00 Mobilization to be added by Anchor

2.01 From Whatcom waterway Chevron pier

2.02 From Whatcom waterway

2.03 From Whatcom waterway, from Anchor QEA

3.01 Unit Cost from Gulfport

3.02 Unit Cost from Gulfport, also confirmed with EBOW
3.03 Unit Cost from Gulfport, also confirmed with EBOW

4.01 $2,000 per LF from BST fender replacement
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DRAFT
Bulkhead Replacement (Option 1)
Item Quantity Unit Unit Cost Cost (2014$)
1.00 Mobilization/Demobilization 1 LS
2.00 Excavation/Demolition/Earthwork 84 cY $150 $13,000
2.01 Dispose of contaminated soil for drilling spoils (8" dia x 100" long) 84 cY $150 $12,601
3.00 |New Concrete 136 cY $1,200 $163,000
3.01 New 3'x3.5' cap beam 136 Ccy $1,200 $163,333
4.00 New Steel 467 TONS $2,287 $1,069,000
4.01 C15x50 Waler (2 members) plus +15% for connections 20 TONS $4,500 $90,563
4.02 Bearing plates at tieback (250lb per connection) 6 TONS $5,000 $31,875
4.03 Strands ((5).6" 7 wire strands x 100' long) plus hardware 51 EA $2,500 $127,500
4.04 AZ 38-700N Sheet Pile (60' tall) 390 TONS $2,100 $818,737
5.00 Drive Piles 77 EA $1,800 $138,000
5.01 Drive AZ 38-700N pairs 77 EA $1,800 $137,700
6.00 |Drill Anchors 51 EA $12,000 $612,000
6.01 Drill, grout, and test 100' tie back 51 EA $12,000 $612,000
7.00 CDF Fill 778 cY $100 $78,000
7.01 Between walls 778 cY $100 $77,778
Subtotal Bulkhead Construction Cost S 2,073,000
Contingency (30%) S 622,000
Sales Tax (8.7%) S 234,000
Bulkhead Estimate S 2,930,000
S 8,371

Notes

1.00 Mobilization to be added by Anchor

2.01 Quantity assumes 30% for bulking of drilled material
6.01 Based on discussion with DBM drilling contractors
7.01 Distance between walls is assumed to be 3' to 4'

S/LF
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I and J Waterway
4/3/2014 Length 330 ft
DRAFT
New Sheet Pile Toe Wall (Option 2)
Item Quantity Unit Unit Cost Cost (2014S$)
1.00 Mobilization/Demobilization 1 LS
2.00 New Steel 258 TONS $2,100 $542,000
2.01 AZ 36-700N Sheet Pile (45' tall) 258 TONS $2,100 $542,279
3.00 Drive Piles 72 EA $5,000 $360,000
3.01 Drive Sheet Piles 72 EA $5,000 $360,000
4.00 New Fender System 160 LF $2,104 $337,000
4.01 $12,600
4.02 $4,000
4.03 New Fender System 160 LF $2,000 $320,000
Subtotal Toe Wall Construction Cost S 1,239,000
Contingency (30%) S 372,000
Sales Tax (8.7%) S 140,000
Toe Wall Estimate S 1,751,000
S 5,306

Notes
1.00 Mobilization to be added by Anchor

3.01 From Gulfport bid tabs of $2200 a pair for 60 ft tall wall, $1750 from BS1

4.03 $2,000 per LF from BST fender replacement

S/LF
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PO Box 44840
Tacoma, WA 98448
253-537-9400
253-537-9401 Fax

E3RA

March 14, 2014
T13124

Anchor QEA, LLC
720 Olive Way, Suite 1900
Seattle, Washington 98101

Attention: Dan Berlin

Subject: Summary of Pile Testing Services
Bornstein Building
1001 Hilton Avenue
Bellingham, WA

Dear Mr. Berlin:

E3RA, Inc. (E3RA) is pleased to submit this report which summarizes the results of low strain impact
testing of the timber pile foundations located at 1001 Hilton Avenue in Bellingham, WA. Project records
indicate that the average timber pile length is 40 feet; however, it is not clear if all piles are about 40 feet
long or if the shore side timber piles are 30 feet long and the waterside timber piles are about 50 feet long.
The purpose of our testing is to better define the pile length and clarify the meaning of project records.

This effort was completed in general accordance with the scope of services included in our proposal for
this project and our contract with E3RA’s client, Anchor QEA, LLC (Anchor). Mr. Jon Boyce, acting on
behalf of Anchor, authorized the testing and professional test interpretation services. This report has been
prepared for the exclusive use of Anchor, and their consultants, for specific application to this project in
accordance with generally accepted engineering practice, no other expressed or implied warranty exists.

For the reasons summarized below, determination of unknown pile lengths using the low strain impact
testing selected by Anchor, and executed by E3RA, is very close to the limit of what can be tested using
available technologies. Interpretation of test results is very complex and highly subjective. Therefore,
our conclusions should be considered an indicator of likely pile length, but not as conclusive proof of pile
length or pile quality. Any conclusions based on this testing and the anticipated construction documents
should reflect this uncertainty. If a more accurate assessment of pile length is necessary, E3RA
recommends two or three of the tested piles be extracted and tested. This additional testing would allow
calibration of the test results, would result in a more accurate input parameters and less uncertainty in
estimated pile length.

Based on the limited information available at the beginning of the project, it was assumed that it would be
impossible to perform testing during high tide (due to limited clearance below the bottom of the dock and
the water surface) and two partial days of testing were anticipated. During testing, it was discovered that
testing could occur during high tide and significantly more test data was collected than anticipated at the
start of the project. During a conference call which occurred on December 19, 2013, all parties agreed the
project’s interests were best served if testing and interpretation were performed in a manner generally
consistent with ASTM 5882, but the detailed reporting requirements of ASTM 5882 be waived. This
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approach was intended to provide the project team the data they require for the originally agreed to fee;
therefore, this report is not intended to comply with the reporting requirements of ASTM 5882.

Description of Testing Apparatus and Summary of Test Method

Pile length testing was performed using a Pile Integrity Tester (PIT) manufactured by Pile Dynamics, Inc.
The PIT system satisfies the requirements of ASTM 5882. Pile length testing was performed in general
accordance with the test procedure described in ASTM 5882. Attachment A provides information
regarding the PIT system and the testing method. A copy of ASTM 5882, which was purchased by the
undersigned specifically for this project, is available for review in the E3RA office (as required by
ASTM’s copyright statement).

Background Information
The pile naming convention used for this project and other information considered by E3RA is provided
in Attachment B.

Summary of Data Collected

All of the data collected by E3RA is summarized Attachment C. In an effort to simplify review of the
data collected, data from which reliable estimates of pile length that were obtained are provided in
Attachment D.

Summary of Results

On November 26 and 27, 2013, E3RA tested 38 of the 70 piles at the site. The 32 piles not tested were
not accessible using the vessel provided by Anchor. In our opinion, use of a smaller vessel would provide
access to more piles, but would be less safe and is not recommended. Of the 38 piles tested, meaningful
results were obtained from 19 piles (59% of tested piles). E3RA’s opinion regarding the minimum likely
pile length for each pile is summarized in Table 1 at the end of this report.

Discussion of Results
The results of low strain impact testing methods are influenced by many factors, including but not limited
to:
e The actual length of the tested pile,
e The nature of the pile-to-pile cap connection,
e The nature and quantity of cross bracing connections,
e The diameter of the pile,
e Changes in pile diameter including the taper of the timber pile and the growth of barnacles on the
pile,
e The length of the pile above the mud line,
e The number of soil layers the pile penetrates,
e The stiffness of each soil layer the pile penetrates,
e The condition of the pile (e.g. rot or decay, damage during installation, damage during its service
life), and
e The wave speed of the compression wave. The speed of the compression wave might vary along
the length of the pile and is likely to vary from pile to pile.

Each of these items is likely to cause the original compression wave to reflect and create multiple second
and third order compression waves which will combine with each other and the original wave to create a
very complex test record and prevent reliable interpretation of pile length.

2
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Closure
We appreciate the opportunity to be of service to you on this project. If you have any questions regarding
this report or any aspects of the project, please feel free to contact our office.

Respectfully submitted,

E3RA, Inc.

Mark Rohrbach, PE. GE, P.Eng.
Associate Engineer

MAR:jb
TACO\Tacnew\\2013 JOB FILES\T13124 Anchor QEA - Bornstein Bldg Bellingham\Bellingham Pile Embedment Report.doc

Attachments:  Table 1 — Summary of Results from Timber Pile Length Testing
Attachment A — PIT System and Testing Method Information
Attachment B — Pile Naming Convention and Relevant Information
Attachment C — All Data Collected
Attachment D — Reliable Data Collected



Summary of results from timper pile length testing:
Bornstein Building located in Bellingham, WA

Pile Name Estimated Length Below Di.stance From Top of Estimated Pile Length Length from Im?act
Impact Block Pile to Impact Block Block to Mud Line
1A 36 6-in. 36.5-ft. 24.1-ft.
1B No Result 7-in. No Result 21.2-ft.
1C No Result 7-in. No Result 19.2-ft.
1D No Result 4-in. No Result 16.2-ft.
3A 36 11-in. 36.9-ft. 24.5-ft.
3B No Result 13-in. No Result 19.8-ft.
3C No Result 8-in. No Result 18.2-ft.
3D 38 17-in. 39.4-ft. 18.0-ft.
4aA 35 17-in. 36.4-ft. 24.2-ft.
4B No Result 8-in. No Result 20.0-ft.
4Cc No Result 9-in. No Result 18.1-ft.
4D No Result 12-in. No Result 15.9-ft.
8A No Result 11-in. No Result 23.7-ft.
8B 32 9-in. 32.7-ft. 20.2-ft.
8C No Result 9-in. No Result 17.4-ft.
8D No Result 8-in. No Result 15.4-ft.
9A No Result 8-in. No Result 23.7-ft.
9B 36 8-in. 36.7-ft. 20.7-ft.
9C 37.5 8-in. 38.2-ft. 16.7-ft.
9D No Result 8-in. No Result 15.0-ft.
11A 38 8-in. 38.7-ft. 23.2-ft.
11B No Result 10-in. No Result 20.6-ft.
11C 35 8-in. 35.7-ft. 17.2-ft.
11D 40 8-in. 40.7-ft. 14.4-ft.
12A 38 10-in. 38.8-ft. 23.3-ft.
128 37 9-in. 37.7-t. 20.2-ft.
12C 36 8-in. 36.7-ft. 16.6-ft.
12D 35.5 8-in. 36.1-ft. 14.8-ft.
13A 35 8-in. 35.7-ft. 23.2-ft.
138 36 6-in. 36.5-ft. 19.8-ft.
13C No Result 8-in. No Result 18.7-ft.
13D No Result 7-in. No Result 15.0-ft.
14A No Result 9-in. No Result 23.0-ft.
14B No Result 5-in. No Result 19.3-ft.
14C No Result 7-in. No Result 16.2-ft.
14D 37 8-in. 37.7-ft. 15.3-ft.
16A 38.4 10-in. 39.2-ft. 21.3-ft.
16B 39 9-in. 39.7-ft. 18.5-ft.

Average Length 37.4-ft.



Attachment A

PIT System and Testing Method Information
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Pile Integrity Tester Model Comparison:
PIT-X, PIT-X2, PIT-V and PIT-FV January 2011

The Pile Integrity Tester is available in 4 models, with one (PIT-X and PIT-V) or two (PIT-X2 and PIT-FV)
channels of data acquisition. All models come with a Fast Fourier Transform (FFT) feature, a license of
PIT-W Standard and a demonstration license of PIT-S.

This discussion is intended to help you select which model to purchase, as well as to decide if you should
acquire a license of PIT-W Professional Software (PIT-W Pro) and / or a permanent license of PIT-S.

PIT-X (wireless) and PIT-V (traditional)

PIT-X and PIT-V have identical functionality, except PIT-X is much smaller and reads data from a wireless
accelerometer, while PIT-V uses a traditional (cabled) accelerometer. It is possible to upgrade a PIT-V to
a PIT-FV. Upgrades involve hardware modifications and are performed at Pile Dynamics Inc.

PIT-X and PIT-V both have one data input channel, used to record the acceleration measured on the
pile. This is sufficient for many, and perhaps most, applications. The analysis of acceleration data is

usually performed in the time domain.

The PIT-W Standard software is sufficient for most time domain
analyses.

The PIT-W Professional software makes it possible to assess the
severity of a defect (B-Analysis) from acceleration measurements.

/ PIT-W Pro also estimates the profile (shape) of the foundation
PIT-x from acceleration measurements.

Profile estimates may also be obtained by performing simplified signal matching with the PIT-S software.
It is possible to perform a simple frequency domain analysis with PIT-X or PIT-V in the field, by
employing the FFT feature which is standard in all PIT models. This analysis may aid in determining

foundation depth or distance to a major defect.

PIT-X2 and PIT-FV

PIT-FV and PIT-X2 both have two data input channels. The first

input is always the acceleration measured on the foundation, and h
is required for all testing. The second input is either from an A
instrumented hammer (PIT-FV) or from a second T O\
accelerometer (PIT-FV or PIT-X2). The second input becomes \ b =
necessary when additional analyses are required, either by project

specification or for technical reasons. These analyses usually require

PIT-W Pro. Only PIT-FV has a channel that allows an

instrumented hammer as the second input. FIT-F¥ with Instrumented Hammer,
PITVY has a similar look

30725 Aurora Road ¢ Cleveland, Ohio 44139 USA ¢ +1-216-831-6131 ® Fax +1-216-831-0916
E-mail: info@pile.com ¢ www.pile.com
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Applications suitable for PIT-X2 or PIT-FV

1) PIT-X2 or PIT-FV with a second accelerometer must be used to measure two velocities
separated along the shaft by some known distance. This is useful in the case of piles under existing
structures, where it is necessary to separate downwards from upwards reflections (Figure 1). The two
velocity measurements are further analyzed by PIT-W Pro.
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Figure 1 top. Two velocity measurements taken with two accelerometers at two vertically separated locations on a
pile.

Figure 1 bottom. wave up velocity component (solid) calculated for the upper accelerometer location from both
accelerometer measurements.

2) Either PIT-X2 or PIT-FV with a second accelerometer are necessary to determine to
determine the length of existing foundations with accuracy better than plus or minus 12.5%6. This
is accomplished by accurately determining wave speed from the analysis, with PIT-W Pro, of two velocity
measurements.

3) PIT-X2 or PIT-FV with a second accelerometer permit the elimination of Rayleigh wave
components from the PIT records of relatively large piles. To accomplish this record enhancement,
both vertical and horizontal accelerations have to be measured at the pile top surface at the same
location. Subtracting the scaled horizontal motion component from the vertical one reduces the vertical
top motion to that corresponding to the compressive axial wave. Figure 2 shows that a remarkable
improvement of data quality can be achieved in this manner.

30725 Aurora Road ¢ Cleveland, Ohio 44139 USA ¢ +1-216-831-6131 * Fax +1-216-831-0916
E-mail: info@pile.com ® www.pile.com
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Figure 2: Vertical (Dash-dot) and horizontal (solid) pile top velocity measurements reduced to axial motion signal by
Raleigh wave analysis.

Applications that require PIT-FV

1) PIT-FV must be used if specifications require that the Mobility of the foundation be determined
according to the Transient Response Method. Mobility may also help the detection and location of
defects in some situations where velocity alone does not, such as floor slabs or other short thickness
members like tunnel liners (although there are minimum thickness restrictions).

Mobility is defined as

M(f) = % where V(f) is the velocity at a frequency f and F(f) is the force at a frequency f.

30725 Aurora Road ¢ Cleveland, Ohio 44139 USA ¢ +1-216-831-6131 ® Fax +1-216-831-0916
E-mail: info@pile.com ¢ www.pile.com
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The calculation of mobility requires an instrumented hammer to measure the force signal in addition
to the velocity signal. The Transient Response Analysis is performed with PIT-W Pro. Figure 3 shows the
Mobility plot from PIT-W Pro. The pile length may be determined from the frequency intervals of the
peak mobility values as in Figure 3, and the characteristic mobility of the shaft (SQRT(PQ)) is calculated
by the program; PDI suggests, however, checking the frequency based results with the standard time
domain approach.

Hom. Ampitude Pile No2-5:#7 L0 0.00
1493 Hz 160.0Hz 7 5016
12.8m 11.9m Fds: 213
p Stifn 1215
1Z@03%6
A 1/Z(P)3.720
v b - Sgrt(_Pl1_085
. \ VMX: 0456

FMX: 2389
-1z
0\ — /. 185.864 pm/s

[ mm o 0.032 kKN
0 175 350 525 700 Hz | viE 3720 12

Figure 3: Mobility plot with dynamic stiffness

2) PIT-FV with an instrumented hammer must be used if it is necessary to calculate the
Dynamic Stiffness, Z(fo).

Dynamic Stiffness is defined as

3
V(fo nfo
Z(fo) = 2rtfo - M(fo)
where

V(fo)

2nfo

is the displacement (velocity divided by frequency) at a low frequency fo; Z(fo) is a pseudostatic stiffness.
By comparing the stiffness of various shafts, it is possible to single out the one with the lowest stiffness.
This is the weakest shaft, and therefore might have a defect.

3) PIT-FV with an instrumented hammer helps to check the integrity of a foundation near
the top. This application does not require PIT-W Pro. In this application one compares the velocity
pulse width with the force pulse width. In sound foundations the force — time pulse typically has the
same width or is wider than the velocity - time pulse. If the velocity pulse is wider (as in Figure 4) then
this may indicate an impedance reduction close to the pile top which is not easily detected when only the

30725 Aurora Road ¢ Cleveland, Ohio 44139 USA ¢ +1-216-831-6131 ® Fax +1-216-831-0916
E-mail: info@pile.com ¢ www.pile.com
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velocity pulse is measured (since the reflection superimposes on the input, making the apparent velocity
longer). This procedure may help detect defects at depths smaller than the pulse width. Upper portion
defect detection may also be achieved by comparing the velocity pulse widths on all tested shafts.
Because a given hammer has a nominal pulse width, shafts with unusually wide velocity pulse widths are
likely to have defects near the top.

058 &
— Velocity attop
- — Force/Impedance at top

Figure 4: Velocity pulse (solid) wider than force pulse (dashed), pile with reduced impedance near top

4) PIT-FV with an instrumented hammer is recommended to evaluate the integrity of floor
slabs, bridge decks, columns or other structural components. In this case the hammer impact
generates a stress wave that arrives at a second accelerometer, allowing for the calculation of the wave
speed. The value of the wave speed is typically affected if the structural element is deficient. Dynamic
Stiffness and Mobility determination would be as useful in this case as in the case of tests on piles by the
Transient Response Method. The shortest pile length or slab thickness that can be tested for a given
structure is a function of the wave speed of the material of the structure and varies with the weight of
the hammer.

30725 Aurora Road ¢ Cleveland, Ohio 44139 USA ¢ +1-216-831-6131 * Fax +1-216-831-0916
E-mail: info@pile.com ® www.pile.com



PIT-W Professional

Software for In-Depth Analysis of Data Collected with the Pile Integrity Tester

PIT-W Professional maximizes the information you can F”’I/@{ggfttvgqt;ely
extract from data collected with the '

Pile Integrity Tester (PIT). PIT-W Pro is
particularly useful for

* Comparing records from several piles on
the same site

* Analyzing data from foundations of existing
structures

* Assessing unknown foundation length

e Evaluating the severity and location of anomalies
along the shaft

The PIT reveals
information on the
integrity of a shaft. In either model PIT-V or
PIT-FV, it is furnished with the Standard version
of the PIT-W software, that permits data
uploading and adjustment, analysis in the time
domain, record organizing and report
preparation.

PIT-W Pro enhances PIT-W
Standard with Advanced Features:

e Profile Analysis - generates a pile impedance
versus depth plot to help estimate the shape of
the foundation

Sampia /2812008 * R-Analysis - quantifies impedance changes to help
D:\...\Brochure\Sample. PIT PIT-W™ 2008 .
e R T assess the severity of defects

1l 1l 1l 2W: 2.00 m 1l 1l 1l | 2W: 1.82m}
| | | | I | | | | ]
|

Frequency Domain Analysis - calculates and
displays velocity spectra and peaks to assist in

IR Ve 11 : . .

! w/ 3 : AV defect detection and location. If force data is
TR, - PN - foonimy | available from PIT-FV, also calculates Mobility and
| po® i i

38:#25(5/29/1997) 15|

i 3 | i s | 3 | o M Dynamic Stiffness. Mobility may help the detection
P } N and location of defects in special situations where
Vol

velocity spectra alone does not. Dynamic stiffness

1
o~ |
1
1

i i
i i i
| | 10.00 |

| ! 120.00 m (3871 mis) | !

\ N : . . . .
010 s e is useful to single out potentially weak piles (when
gﬂm(wm, ; I ] several similar adjacent piles are tested).
l| H\ 3043m ; ; ; | L‘O DG‘\m; . .
ol | | 1 b e Two-Velocity Analysis - calculates wave speed
| - \/\_ ] /\ A using two velocity measurements (from PIT-FV)
==V It sl M\ and separates upward from downward traveling
L M z;’;*za“.”' "L ‘/41;2?;?;5;? SR L PP . .
velocities, aiding in the interpretation of data from
957 mu(vwzouz) l | 970, ma(emzoou; | | | | 10'] . 4.
! B {or st foundations of existing structures and/or

J\ : 3 ‘/\ foundations of unknown length.

===V, ; A e Multiple Column Plot - generates user customized
R IR = R summary sheets for easy record comparison.
Multiple Column Plot

Quality Assurance for Deep Foundations
Cleveland Ohio USA info@pile.com
tel: +1-216-831-6131  www.pile.com
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PIT-W Professional

Software for In-Depth Analysis of Data Collected with the Pile Integrity Tester

Features PIT-W STANDARD PIT-W PROFESSIONAL
PIT-V PIT data import . .
or Record filtering and averaging o o
PIT-FV Exponential amplification o .
data Re-analysis of saved data files o o
Customized tabular output o o
Customized report o o
Data transfer to other applications o o
Sl, Metric and English units ° °
On screen help ° °
Velocity plot display ° °
Time Domain Analysis o o
Frequency Domain Analysis (velocity) o
Profile Analysis o
R-Analysis ]
Multiple Column Plot °
PIT-FV DATA Force-Velocity Plot . .
REQUIRED Surface (Raleyigh) Wave Analysis . .
Frequency Domain Analysis (complete) .
Two-Velocity Analysis o
GRLEngnoors i cotentos 2208 || IR s B30
D \2008\Pie No 2 FA o  Erofle 2008 P Profle 2008 TWO-VelOCity AnaIySiS
cm/s S#7 Pie No 2 ° T T T T T T T T T T T T actat 131
wf A . A g
! ! ! ! ! ! v oo st I/ et oo
I e oot /
N
00 S T R T S SR Ve ) e o | o
(‘] i [ ; é i + “2‘ e L Fz 058 emis (0408 I Sors o (0099
Ease V: 185.864 ymis } o
: oo R e = T
High 11Z(F) 3720 ‘ ‘ p——
' e | e _|_wow | v osssems
080 GRL Engineers, Inc 712412008
VIF:3.720 12 sample; Pile: Pile No 1 Collected: 9/1/2000
Profile_2008
i Profile Analysis

[N I
Frequency Domain Analysis s —

Minimum System Requirements
e Windows Vista, XP or 2000

* 16 MB RAM

e 10 MB of free hard disk space P—
e CD-ROM drive

¢ VGA Monitor

e Mouse or compatible pointing device

e Compatible with PIT models 3-27-98 or later

12,18 m(3810 ms)

V 0203cms (0203)

Quality Assurance for Deep Foundations
Cleveland Ohio USA info@pile.com
tel: +1-216-831-6131  www.pile.com
Printed on recycled paper.
© 2008, Pile Dynamics, Inc. 4,

Specifications subject to change without notice.
Windows is a trademark of Microsoft corporation.
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TWO VELOCITY MEASUREMENTS

This document focuses on the two velocity measurement. The analysis, interpretation, and
background can be found in PIT-W Users Manuals for 2003 or 2008. Two velocity measurements
can help calculate wave speed and separate upward traveling velocity from downward traveling
velocity, the latter is useful for piles under existing structures.

The Sonic Pulse Echo Test can be applied to piles under existing structures where the pile top is
incorporated in the superstructure and the pile length is unknown. However, two complications need
to be addressed for proper evaluation of the velocity records: 1) The concrete stress wave speed is
generally unknown, which is an important variable to affect pile length determination; 2) For piles
tested below their head (when they are tied to a structure) or piles with non-uniformities, stress
waves not only travel downward but also upward where they are reflected by the structure or pile
top. These secondary reflections have to be identified so as not to be confused with reflections from
pile impedance changes and the pile toe. For this reason, two acceleration signals are taken
simultaneously along the pile shaft providing a means of determining the stress wave speed as well
as the necessary information for separating downward from upward traveling waves as shown in
Figure 1.

-4

to I

e ts t, 2L/c

/
|
|
!
]
'
]
]
]
'
]
]

Downwar&"-.Wave Upward Wave

\

Figure 1. lllustration of the two accelerometer locations and wave propagation

Accelerometer Mounting

Two accelerometers A; and A, are installed along the pile at depths z; and z, measured from pile
top or other reference point which should same for z; and z,. It is important to get accurate distance
between A; and A,. Velocities resulting from an impact applied somewhere above A, are measured
by both A; and A,. A; should be connected to 1%t channel on PIT Collector and A, should be
connected to 2,4 channel on PIT Collector as shown in Figure 2. Side mount accelerometers are
recommended and can be glued to the side of concrete piles. Under wet condition or unclear surface,
anchors can be used to screw the gage to side of concrete piles. For timber pile, the side mount
gages can be directly screwed to the side of piles. Please make sure:



1. The cables connected to the accelerometers should point to opposite direction of impact. In
case of vertical pile and hammer hitting downward, the cables should point vertically up;
2. A; should be closer to impact location.

If no side mount gages are available, top mount gages can be used. Figure 3 demonstrates
examples of gage mounting.

To 1% channel

I To 2™ channel

PIT Collector

Figure 2. Connection

= =

Screw to e ﬁ) Create a notch to glue
. concrete &7 9540 gages.
W anchor or
o glueto
piles

AR B 2) Attach a block to the
Y TNE gy L side and glue gage on
the block.

Use of top mounting gages: 1)
is preferred if top mounting is
the only choice.

Use of side mounting gages

Figure 3. Gage mounting



Impact Technique

Figure 4 demonstrates several choices of impact spots. Due to the complexity of existing structure, it
is recommended that testers try both top hit and side hit. The way to attach impact block and the
material of impact block will definitely affect the signal quality. If an impact block is the only choice,
same material of pile is preferred for the impact block.

o i3 TF -.,\'.,r-l. (L
hﬁ. Y

-
ol

{1 < 20 degree b L\
.~ Attach impact
> Hammer tip size | - - block

e
: .
N ]
‘ : r
.
J

N 'S

Directly impacting above pile
generally gives better signal if
the connection between pile top
and structure is good.

Side impact: Notch is preferred; If pile diameter
is small (e.g. < 3 ft or 0.9 m), impact may be
applied 90 degree away from gage.

Figure 4. Impact spot choices

To Determine Wave Speed

The accuracy of wave speed determination depends on accuracy of the measurements of the
distance between two gage and the At (time for wave travel from A; to A,). Following is a list of
factors that affect the accuracy of At:

1. The data quality will affect all types of PIT analyses and, in particular, the wave speed
determination. In Two Velocity Analysis low quality data might cause a difficulty in
assessing the arrival times of downward and/or upward traveling waves;

2. Increasing the distance between two accelerometers and/or the sampling frequency
generally improves the accuracy of At determination. (Note: For pre-2003 model of PIT
Collectors, the sampling frequency varies depending on the pile length entered by the user.
The shorter the pile, the higher the sampling frequency that the PIT Collector employs. For



2003 and later model of PIT Collectors, the user can select the maximum sampling
frequency. For details, please read the PIT Collector Users Manual by Pile Dynamics, Inc.)
Assuming material wave speed is 4000 m/s (13100 ft/s), if sample frequency of 150,000 hz
and gages are 5 ft (1.5 m) apart, the accuracy could be within 2%.

Attach gage as far as possible: > 5 ft (1.5 m) is recommended;

Measure the distance between gage accurately;

Select highest sampling frequency: 150,000 hz for current PIT collector;

Enter distance between gages as pile length to make sure the collector use the highest
sampling frequency.

To Separate Downward and Upward Traveling Velocities

Since the mathematical manipulation is performed between two velocity records acquired from two
accelerometers at different locations, it is very important to make sure that correct calibrations are
used for both accelerometers. Unlike one velocity measurements, where the velocity magnitude is
immaterial, the absolute velocity is used in Two Velocity Analysis. Calibration values are therefore
important and should be checked, for example, by repeating the measurements with reversed
accelerometer locations. However, for final wave up calculation it is important to make sure that the
1% sensor (A; or 1% channel) is the one closest to the impact location.

Figure 5 shows possible layouts for the type of test. Please note:

1)
2)
3)

4)

The distances recommended in Figure 5 are based on rule of thumb;

The cross section of pile between A, and A, should be uniform;

Too small a distance between A; and A, makes it difficult to separate velocity curves
recorded by two gages;

Too large a distance between A, and A; is not necessary for this purpose and may not be
feasible in many cases.



>1ft (0.3 m)
or enough to
apply impact

25 to 4 ft
(0.75t0 1.2 m)

25 to 4 ft
(0.75t0 1.2 m)

e

Directly impacting above pile Side impact.

Figure 5. Examples of V+V Test Layouts to Separate Downward and Upward Travelling
Velocities



Attachment B

Pile Naming Convention and Relevant Information
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Sediment Core Log Sheet 1 of 1

1J13-VC-101
Project: 1&J Waterway RI/FS Location: Bornstein Seafoods, Bellingham, WA Tube Length (ft): 8
Project #: 090007-01.02 Water Elevation (ft): 5.6 Penetration Depth (ft): 8
Client: Port of Bellingham Water Depth (ft): 10.8 Sample Quality: Good
Collection Date: 20 August 2013 Calculated Mudline Elevation (ft):  -5.2 Field Recovery (%): 58 %
Contractor: RSS Northing/LAT: 644336.26 Easting/LONG: 1239977.68 Process Date: 20 August 2013
Vessel: R/V Carolyn Dow Horiz. Datum: WA SP N, NAD 83, ft Vert. Datum: MLLW Process Method: Cut Tube
Operator: Eric Parker Method/Tube ID: Vibracore/3.75" round Logged By: AC
£ 5
= c
- £ Sediment Description
2 3 Samples and descriptions are in Recovered Depths.
% g Classification Scheme: USCS
Q o
& & Sample
—0
1 Soft, wet, black, f-m-sandy, SILT. Moderate shell fragments and substantial organic matter (fish scales and
T sticks). Slight H2S-like odor.
T @ 0.2": Grades to moist.
- 1113-VC-101-0-2
1 @ 1.0": Grades to medium stiff.
—2
1 @ 2.6": 3 cm subangular c-gravel
[ P e e J13-VC-101-2-3.9  [[= == === =" T T T T T oo oo m oo ——— o]
4 @ 2.9": Grades to medium dense, moist, dark gray, slightly silty, f-m SAND, trace c-gravel, trace cobbles
T (subrounded up to 6 cm). Sand grains are multicolored. Occassional wood fragments. Moderate pockets of
+ stiff, moist, gray, CLAY.
__4 \
1 End of core @ 3.9
—5
—6
——7
M . . 0.4 . o : g
‘z ?}Ff HOR Footnote (1): Attempt 1 of 2; 0-4' easy coring, 4-5' some resistance, 5-8' easy Calculated Recovery
1605 Cornwall Avenue Footnote (2): Estimated coordinates, sampling location 11 ft from pier face. Recovery Length/Penetration Depth:
Bellingham, WA

360-733-4311

Footnote (3): Moist, gray, stiff CLAY present in shoe. 4.6 ft/8 ft = 58%




Sediment Core Log

1J13-VC-102

Sheet1of 1

Project: 1&) Waterway RI/FS

Location: Bornstein Seafoods, Bellingham, WA

Tube Length (ft): 8

Project #: 090007-01.02

Water Elevation (ft): 4.4

Penetration Depth (ft): 8

Client: Port of Bellingham

Water Depth (ft): 11.2

Sample Quality: Good

Collection Date: 20 August 2013

Calculated Mudline Elevation (ft): -6.8

Field Recovery (%): 80 %

Contractor: RSS

Northing/LAT: 644244.9

Easting/LONG: 1239881.59

Process Date: 20 August 2013

Vessel: R/V Carolyn Dow

Horiz. Datum: WA SP N, NAD 83, ft

Vert. Datum: MLLW

Process Method: Cut Tube

Operator: Eric Parker

Method/Tube ID: Vibracore/3.75" round

Logged By: AC

g | 3
= 2
8 £ Sediment Description
2 3 Samples and descriptions are in Recovered Depths.
% g Classification Scheme: USCS
Q o
& & Sample
0
Soft, wet, black, f-m-sandy, SILT. Moderate shell fragments, occasional wood fragments. Slight H2S-like odor.
@ 0.6": 3" wood fragment
1 1J13-VC-102-0-2 @ 0.8": Grades to stiff, moist, dark gray, slightly f-sandy, SILT, trace shell fragments.
2
@ 2.6": Grades to moderate organic fibers (brown, decomposed).
3 1J13-VC-102-2-4
4
1J13-VC-102-4-5.4
5 @ 4.9": Grades to medium dense, moist, dark gray, slightly silty, f-m SAND. Sand grains are multicolored and
are white, black, red and beige. Moderate shell fragments (bivalve).
End of core @ 5.4’
6
7
N . o .
‘z ANCHOR Footnote (1): Attempt 1 of 1; 0-8' easy drive Calculated Recovery

1605 Cornwall Avenue

Footnote (2): Estimated coordinates, sampling location 12 ft from pier face.

Recovery Length/Penetration Depth:

Bellingham, WA
360-733-4311

Footnote (3): Moist, gray, stiff CLAY present in shoe.

6.4 ft/8 ft = 80%
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Attachment C

All Data Collected



Pile Dynamics, Inc. 12/29/2013
PIT Raw data

C:\...\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT PIT-W 2009-2.DEMO
i Pile: 1A -1: # 887
100.00 in/s : : : : : :
| ‘ | | | | | SIDE SMALL
! ! ! ! | | 11/26/2013 12:01:34 PM
50.00 LJ( S R A Y ERE R
A
| | | | | |
0.00} - _L__L__L__L__L_
‘ N
|
500 LID =31 (D=12.5
-50.00 / ( "DA

‘ 32 OO ft (12819 ft/S) ‘ : V 9.718in/s (3.184)
T I

—— T T T T T lemm == = V2 3.208in/s (1.013)
30 35 40 45 50 55 ft

i Pile: 1A-1: # 886
40.00 In/s | | | | | | | | | | |
‘ | | | | | | ‘ | | | | | SIDE SMALL
| | | ! ! ! ! ! ! ! ! 11/26/2013 12:01:29 PM
20_00____‘___\___\___\___l___l___l_ e e e b e e L e m L - Lo AL 1ft
A A A an
| | | | | | | | | | |
0.00 1\__L\L—_\,_[\-i l,’}\ T ST
| | | | ~TTTN | N -~ |-
| | | | | | \ | | |
‘ ‘ ‘ : |\ NN\rs00 b= 025 A
-20.00 1 T T T ! ‘ 35.00 ft (12819 fiis) : : V 6.331in/s (3.519)
L S — e T T T T T T e e = V2 0.225 in/s (0.164)
0 5 10 15 20 25 30 35 40 45 50 55 ft
in/s Pile: 1A -1: # 885
16.00
SIDE SMALL
11/26/2013 12:01:24 PM
8.00 Al: 11t
A2:  4ft

0.00;

-8.00 32.00 1 (12819 ft/s) V 3.451in/s (2.047)
T T T \ —_——=V2 2.226in/s (1.621)
35 40
i Pile: 1A -1: # 884
20.00 m/S | | | | | | | | | | |
o | sibEsman
! ! ! ! ! ! ! ! ! ! ! 11/26/2013 12:02:33 PM
10_00____‘___\___x___x___x___x___x_ e b e e b e b el - Lo AL 1ft
| NN IV DR
| | | | | | A | |
| | | | | | | |
0.00}
|
\ 1 1 1\ /N /™
| | X 5.00 L/D=31,(D=125 in) \
-10.00 ‘ ‘ ‘ - l ‘ ?2.09ft\(12€‘519‘ft/s)‘ ‘ ‘ vV 3.11lin/s (1.464)
‘ ‘ ‘ ‘ — — =V2 0.660in/s (0.305
0 5 10 15 20 25 30 35 40 45 50 55 ft in/s (0.305)
in/s Pile: 1A -1: # 883
2000 | | | | | | |
| | ‘ | | | | | SIDE SMALL
; ; ; ; ; ; ; 11/26/2013 12:02:30 PM
10.00+ = = — - __1_‘;. L e e b e el m k- L] AL 1ft
| | | | | | .
‘ ‘ ‘ ‘ ‘ L A2 aft
| | \ Ko | |
| | | |
0.00; - Y - i\\— /4 A= —,\+ -
| | |
\\/ ,1 I AN A
\j | % 5.00 LD=31 (D=125 )" |
-10.00 ‘ } ‘ 32.00 ft (12819 ft/s) | } VvV 6.307in/s (3.703)
' ‘ ‘ ‘ T 1T T T T T

‘ ‘ ‘ ‘ ‘ ‘ — — =V2 0.238in/s (0.106)
0 5 10 15 20 25 30 35 40 45 50 55 ft



Pile Dynamics, Inc. 12/29/2013
PIT Raw data

C:\...\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT PIT-W 2009-2.DEMO
i Pile: 1A -1: # 882
1600 In/s | | | | | | | | | | |
‘ | | | | | | ‘ | | | | ‘ SIDE SMALL
| | | | | | | | | | | 11/26/2013 12:02:27 PM
8.00____‘___\___\___\_ L — b — L e L m b el m L] AL 1ft
! ! ! ! ‘ ! ‘ ‘ ‘ ‘ ‘ A2:  4ft
\ | | | | |
‘ ‘ ‘ ‘ YIRS A l
| | | | |
0.00{ - v - / -\— J‘_\#_LF__I_\_""/_\"'_
v N \\ | | | | |
] NAW I'N T A\
| | | | X 5.00 L/Df31 (|2=12.5 in) |
-8.00 i ‘ ‘ } : ‘ 32.00 ft (12819 ft/s) | } V 3.304in/s (1.463)
T ——— T T T T T T T T T T T e = V2 0.426 in/s (0.235)
0 5 10 15 20 25 30 35 40 45 50 55 ft
i Pile: 1A -1: # 881
600 In/s | | | | | | | | | | |
‘ | | | | | | ‘ | | | | | SIDE SMALL
! | | | | | | | | | | 11/26/2013 12:03:02 PM
3_00____‘ ______ - - J___J_j,_L__J___J_ - L Al: 1ft
I\ AN Rt
l l l A ‘

0.00}

\ /
X 5.00 L/D=31 (D=12.5 in)

‘ 32.00 ft (12819 ft/s) ‘ : V 1.410in/s (1.136)
R B e —

‘ ‘ ‘ ‘ ‘ F—— ] lem == =V2 0.812in/s (0.501)
0 5 10 15 20 25 30 35 40 45 50 55 ft

-3.00 T

in/s Pile: 1A-1: # 880
5.00 | | | | | | | |
‘ | | | | | | ‘ | ‘ SIDE SMALL
| | | ! ! ! ! ! 11/26/2013 12:02:57 PM
2_50____‘___\___\___\_ - - J___J_j_i_ - - L | AL 1ft
| ! ! ‘ ! ! ! A2 4t
| I\ AN |
0.00} 1 ‘ - 7 AN L
NN T ,
| | | X 5.00 L/D=31 (D=12.5in)
-2.50 , : )
1 |
T T

l
|

‘ : V 1.420in/s (1.150)
|

‘ 32.00 ft (12819 ft/s) |
‘ ’ UL lem = = V2 0.438in/s (0.287)
20 25 30 35 40 45 50 55 ft

10.00

| SIDE SMALL
; 11/26/2013 12:02:52 PM
5.00 o AL 1t
| A2: 4ft
|
|

|
|
|
|
-d - -
|
|
|

h)

\_ . .

N A Y

\
| i“ | | |

\ ‘/ TAYIA 2N
! ! x5.00 UD=31 (D=125in) |

‘ ‘32.0‘0 ft‘(12€‘519 ‘ft/s)‘ !
0 5 10 15 20 25 30 35 40 45 50 55 ft

o

0.00

- --—-
|
|
F----
|
|
[
|

N

-5.00

V 2.167 in/s (1.664)
— — =V2 0.746in/s (0.427)

60.00 : : : : :
| | | | || SIDE SMALL
! ! ! ! ! 11/26/2013 12:05:04 PM
30.00 T Y HR R AV 1ft
| | | | | .
‘ ‘ ‘ ‘ L A2 aft
\\ | | | |
0.00, M A oLl
| | | | |
| | | Ve |
x5.00 L/D=31 (D=12.5 in)\%
-30.00 32.00 ft (12819 ft/s) | } VvV 10.695in/s (7.818)
L L R — — =V2 1132in/s (0.104)

" " " " " . T
0 é 10 15 20 25 30 35 40 45 50 55 ft



Pile Dynamics, Inc.

PIT Raw data

C:\...\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT

12/29/2013

PIT-W 2009-2.DEMO

i Pile: 1A-1:# 877
50.00 in/s : : :
‘ | | | SIDE SMALL
; ; ; 11/26/2013 12:05:01 PM
25,00____‘___ Ll =L | AL 1ft
| | | A2 4ft
| | |
0.00} .- J. -
\ |
|
’s 00 % 5.00 L/D= 31@ 125|n)\/
-25. 32 OO t (12819 ft/S) : : V 9.930in/s (7.314)
\ \

30.00

20 25 30

35 40 45 50 55 ft

lemm wmm = V2 0.390 in/s (0.073)

15.00

0.00

| |
| |
| |
| |
- - - k-
|
|
|

P

\\[F\

SIDE SMALL
11/26/2013 12:04:57 PM
Al: 1ft

A2: 4 ft

V 3.002in/s (2.390)

SO\
| V \/\ -
l\-/"v/ | x 5.00 L/D=31 (D=12.5in)
-15.00 T T T T
‘ ‘ 32.00 ft (12819 ft/s) | ‘
" T T T T T T l T | l
0 20 25 30 35 40 45 50 55 ft
in/s Pile: 1A -1: # 875
30.00 : : : :
‘ | | | \ |
| | | \
P i
| |
|

|
15.00--——‘——-; -

|

|

|

— — =V2 0.123in/s (0.044)

SIDE SMALL
11/26/2013 12:06:05 PM
Al: 1ft

A2: 4 ft

V 3.538in/s (2.883)

|
|
0.00|
N2 T | *
| | | ‘\
o0 VA S X5.00 L/D=31 (D=12.5in) |
o l : ‘ 32.00 ft (12819 ft/s) | }
. » T T T T T T T l T I
0 20 25 30 35 40 45 50 55 ft
i Pile: 1A-1:# 874
20.00 in/s ‘ ‘ | ‘

0.00}

|
10.00————‘———;
|
|
|

N

X 5.00 L/D=31 (D=12.5 in)

|
|
-10.00 : ‘ 32.00 ft (12819 f1s)
0 20 25 30 35 40 45 50 55 ft
in/s Pile: 1A -1:# 873
20.00 | | | LA [ A | | |
‘ | | | ‘ \\ | | | |
| | | l | / \\ | | |
| | | | | | |
10_00____‘___ _\___1___1_{_1___ — e b e Ll
| | | | | | | |
| | | / | | | | |
| | | \/ |
I |
0.00| - \! \
|
[\ I I I I I
\/ | x 5.00 L/D=31 (D=12.5 in)
-10.00

32.00 ft (12819 ft/s) |

|
|
: :
|
L R ey B R B
35 40 45 50 55 ft

lemm «mm = V2 0.570in/s (0.102)

SIDE SMALL
11/26/2013 12:06:01 PM
Al: 1ft

A2: 4 ft

V 1.193in/s (0.871)
= e =\/2 0.007 in/s (0.063)

SIDE SMALL
11/26/2013 12:05:58 PM
Al: 1ft

A2: 4 ft

V 1.428 in/s (1.015)
= == = V2 0.031in/s (0.059)



12/29/2013

PIT-W 2009-2.DEMO

Pile: 1B - 1: # 45

.\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT
in/s

Pile Dynamics, Inc.

PIT Raw data

C:\..

-0.018 in/s (0.027)
-0.017 in/s (0.001)
-0.059 in/s (-0.046)
-0.005 in/s (0.004)

V 0.181in/s (0.036)
V 0.232in/s (0.108)
V 0.101in/s (0.031)
V 0.113in/s (-0.004)
V 0.217 in/s (0.086)
V2 0.017 in/s (0.013)

1/26/2013 12:18:04 PM

IDE SMALL
11/26/2013 12:17:51 PM
1ft
4 ft

11/26/2013 12:18:02 PM
1ft
4 ft
IDE SMALL
11/26/2013 12:17:54 PM
: 1ft
4 ft

11/26/2013 12:18:06 PM
1ft
4 ft

SIDE SMALL
SIDE SMALL
SIDE SMALL

1
Al:
Al
S
S

R b S

1

] S B ! ] S B V-2 Sl o R T 4 b S NP

- e B - e B <G R e R > e e

] S ] SRR Bl -4l R N S Dl ) S SR

1 -4 - 1 -4 e - 4-—-—- - s e

] CCoIaIC ] HHHHUHHH“WVHHHH i i Sl

1 1 I T T T I - I D

= 1 A N = 1 (o2 I B S = 1 N T T T - L

F < D e I - R s Bl - - B s B

FEN s |- FEN |- - 8y P ER s =3 ety St

- S s R~ > - R S T[] el e > B I

. Al . I — 3T I N Sl I S

] mHH“HH ] mHHuHHd‘ o mHH“HH ie mHH“HH“H

FES T e e e B i, & Sl =t Y < (i N

L L | S| b\\\\\.\\\ ETNEN m\\\\\.\\\\V\‘ﬂ. Q- & .5
(o [a)) [T WD\. ol - - [a) [ =0

R |

®
N |
S

o

\\\\wawwquiu

S i €=

-4 -y

|
|
|
|
N
|
|
|
|
ws

[ B - x
ey

5.00 ft (12819 ft/s)
5.00 ft (12819 ft/s)
5.00 ft (12819 ft/s)

T I I T T T TIT I ITITITITITIT T ITTITITITITITITITITITITITITITITIT TN e s s \/2

5.00 ft (12819 ft/s)

x 5.00 L/ID

|
|
|
|
-t
|
|
T
T ‘\‘\‘\‘\‘U\‘U\‘U\‘\‘\‘UUUUUUUUUUM‘UUUUUUU\‘\‘\‘\‘\‘UUUUUM‘UUUU\__-V2
T T T T T T T TITITTTTITITITITITITITITITITITITITITITITITI TN e e \/2

|
|
|
|
I
I
|
|
|

X

8910123456718 202222202233 B33483@B3AA U246 ABSGEB545 ft

5'00ft(12819ftls)\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

I
7

by
6

|
|
|
|
-l
|
|
|
|
T
||

e LTI T T T TITTTITITTTITITITITITITITITITITITITITITITITITITI TN e e s \/2
T
.

1
2345678910123456 1320222220 223BB3383@BBAC U2A3141361 A1BGHBD4H5 ft
[
I
I
I
-
I
I
I
|

|

|

|

|
N

|

|

|

|
<

[}

|

|

|

T

|
|
1
L
|
|
|
|
[T] :
—
12345678910123456 1820222220 22B3BB33L3BBBACAU2AJ456 A1BGEED4H5 ft
puuwulll
1234567891012345671820222220223BB3BBI3BBBAA U246 A(BGEEBH5 ft

1
1

12345

012345678910123496 18 20P22220 22 3B B3BABE BRIA U2 456 AAGGEEEE5 11

0
0
0

in/s
in/s
in/s
in/s

0

7.59
0.00
-3.80
5.70
0.00
-2.85
3.04
-0.00
-1.52
7.59
0.00
-3.80
7.59
0.00}
-3.80



12/29/2013

PIT-W 2009-2.DEMO

SIDE SMALL
11/26/2013 12:17:49 PM
1ft
4 ft

V 0.076 in/s (0.046)
-0.010 in/s (0.004)

Pile: 1B - 1: # 40

in/s

IDE SMALL
11/26/2013 12:17:39 PM
: 1ft
4 ft

S|

vV 0.260 in/s (0.090)
-0.001 in/s (0.013)

11/26/2013 12:17:37 PM

SIDE SMALL

Pile: 1B-1:# 39

X 5.00 /D=4,
5.00 ft (12810 Tu/s)

| e
L
||

Ay
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Pile Dynamics, Inc.
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.\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT
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Pile Dynamics, Inc.

PIT Raw data
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PIT-W 2009-2.DEMO

Pile: 1B - 1: # 25

.\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT
in/s

Pile Dynamics, Inc.

PIT Raw data
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Pile: 1B - 1: # 20

.\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT
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Pile Dynamics, Inc.

PIT Raw data
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Pile Dynamics, Inc.
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Pile Dynamics, Inc. 12/29/2013
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T N A T
o0 | | | N x5.00 L/D=26 (D=12.5in) | | '
15. T T T : ‘ 27.00 ft (12810 fU/s) | : : V 1.308in/s (0.866)
T ——— T ] T T T T 1 T 1 Temm = = V2 6.460in/s (2.639)
0 5 10 15 20 25 30 35 40 45 50 55 ft
i Pile: 1C-1:#84
16.00 inis | | | | | | | | | | |
| sibEsman
: : ! : : : : : J“ ~ : : 11/26/2013 12:23:37 PM
8_00____‘___\___\___/I__\l___l_%_l___l___i__/_i___\.__;_ Al: 1ft
R N A AN N (O
| | | | | | | | | |
| | | | | | | |
0.00 =
o~ | ]
| | | | | |
| | | | | |
8 OO | | | | | | .
-8. T _ T T : ‘ 27.00 ft (12819 fu/s) : : : V 0.864 in/s (0.587)
' ' ' ' T [ T [ T I T I T T I e e = \/2  4.233in/s (1.899
0 5 10 15 20 25 30 35 40 45 50 55 ft in/s (1.899)
in/s Pile: 1C-1:#83
16.00 | | | | | | | | \A | |
‘ | | Y | ‘ | | | /\ | | SIDE SMALL
! ! ‘( ! ! ! ! ! ! \ ! ! 11/26/2013 12:23:34 PM
| | \\ | | | | -/ | | |
8_00____‘___\___\___/\___x__l_%_l___l___l_ _J___\L__J__ Al: 1ft
| | | | | | | | | I | .
| | / | | \ | | | | / | \\ | AZ: 4ft
! l l ‘ l l : l l N
0.001 — - [ - —— - - R -
ﬁ‘ | | | | | |
~o0 N A
I I I | \ X 5.00 L/D=26 (D=12.5 in) | |
-8.00 T T T T T T
L | |
" |




Pile Dynamics, Inc. 12/29/2013
PIT Raw data

-20.00

‘ 27.00 ft (12819 ft/s) | V. 2.974in/s (2.051)
1 T T T 1

, ‘ ’ ‘ [ e = = V2 8.234in/s (3.107)
0 5 10 15 20 25 30 35 40 45 50 55 ft

C:\...\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT PIT-W 2009-2.DEMO
in/s Pile: 1C-1: # 82
3000 | | | | | | | | | | | SIDE SMALL
| | | | | | | | | | |
: : : : : : : : : : : 11/26/2013 12:23:30 PM
15.00____‘___\___\___L___\___\_%_\___A___J___ S L oL AL 1ft
I O R N Pt
| | / | \\ | | | | | |
| | | | | |
0.00| ; ‘ = = - N o
|
| = | | | | P pu—, -( | | | =
0 : : : O\ x5.00 L/D=26 (D=12.5in) | }
-15. T T T : ‘ 27.00 Tt (12810 fUs) | : : V 1.246 in/s (0.844)
' T—— y ' y U U T f T f T I T | T T I lemm == = V2 5.421in/s (2.297)
0 5 10 15 20 25 30 35 40 45 50 55 ft
in/s Pile:1C-1:#81
16.00 ‘ | | | | | ‘ | | | | | | SIDE SMALL
| | | | | | | | | | |
! ! ! ! ! ! ! Z~\ ! 11/26/2013 12:23:20 PM
| | / \ | | | | | | | | .
8_00____‘___\___\___L__*__\_%-\___L__J__/_J__\J___J__ Al: 1ft
| | | | | | | | | | .
| | / | | \ | | | | / | \ | A2 4ft
000 l A l l l : ! l N
" -~ ] | | | / T T
R P4 | | \ | | | i | | |
| | | Y X5.00 LD=36 (D=12.5in) | |
-8.00 ‘ ‘ ‘ } ‘ 27.00 ft (12819 ft/s) | } } VvV 0.761in/s (0.490)
p— P ——— T T ] T 1 T 1 e e = V2 3.927 in/s (1.691)
0 5 10 15 20 25 30 35 40 45 50 55 ft
in/s Pile: 1C-1:# 80
16.00 | | | | | | | | \ | |
I I -~ I I I I e I I SIDE SMALL
: : /: \ : : : : : / : \ : : 11/26/2013 12:23:17 PM
8_00____‘___\___\__/_\__\_l___l_%_l___L__l___J__\J___J__ Al: 1ft
| | | | | | | | | .
| | | | | | | | | AZ: 4ft
| | | | | | | | |
| | | | | | |
0.00; = - =
| | | !
~ o | | \ | |
6.00 | | | L\ X 5.00_L/D=26 (D=12.5in) | |
O T T J : ‘ 27.00 ft (12819 ft/s) : : : V 0.556 in/s (0.381)
T — T T T T T T T T T T T T T e = V2 8.418 in/s (3.846)
0 5 10 15 20 25 30 35 40 45 50 55 ft
in/s Pile: 1C-1:# 79
16.00 ‘ | | | | | ‘ | | | | | | SIDE SMALL
| | | | | | | | | | |
: : : : : : : : } : : 11/26/2013 12:23:14 PM
800k = = = |= = = et U TN L____| AL 1ft
| | | L) | | | | 7\ \ | A2: 4 ft
| | /\ | \ | | | | | | .
| | / | | | | | I / | N\ |
0.00 e N~ N
: TN D — NN ) —_ —
S~ l -\ =7 l ‘ ‘
1 1 1 .\ | x500 UD=26 (D=125in) | }
-8.00 T _ T T i ‘ 57.00 ft (12810 fUs) | : : V 0.350in/s (0.195)
' ' ' ' T T T T T T T Temm emm = V2 2,558 /s (1.086
o 5 10 15 20 25 30 35 40 45 50 55 ft in/s (1.088)
in/s Pile: 1C-1:#78
40.00 ‘ | | | | | ‘ | | | | | | SIDE SMALL
| | | | | | | | | | |
: : : : : : : : : : : 11/26/2013 12:23:00 PM
20_00____‘___\___\___ﬁ\__\___\_%_\___1___1___1___1___1__ Al 1ft
~— .
N T IN e e
| | | | | | | | | |
™ D RN WA N
| |
—:- I I I \ I -~
1 1 l Ly X 5.00 L/D=26 (0=12.51n) | }
‘ ‘ ‘ l l l
" |
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PIT Raw data

C:\...\T13124 - Bellingham Pile Embedment\PIT-data Final.PIT PIT-W 2009-2.DEMO
in/s Pile: 1C-1:# 77
20.00 ‘ | | | | | ‘ | | | | | | SIDE SMALL
| | | | | | | | | | |
: : | — : : : : : /‘ N\ : : 11/26/2013 12:22:57 PM
10.00kF = = = |= = = \___\___/\__\_l___l_ _l___L__J__/J__\J___J__ Al: 1ft
| | / | | | | | | | | | A2 4ft
| | | | | | | | :
: : | \ | | | | / | \\ |
000 —l L, LoD
| | |
-~
S~ l o\ : e ‘. l l
0.00 | | | | \ Xx5.00 L/D‘=26 (D=12.5in) | |
-10. T T T : ‘ 27.00 ft (12819 fu/s) : : : V 0.688in/s (0.435)
— " 1T T T T T I — e e \/2 3.942in/s (1.624)
0 5 10 15 20 25 30 35 40 45 50 55 ft
in/s Pile:1C-1:#76
20.00 ‘ | | | | | ‘ | | | | | | SIDE SMALL
| | | | | | | | | | |
! ! ! ! ! ! ! ! * ! ! 11/26/2013 12:22:54 PM
| | | | | | | | | |
10_00____‘___\___\___C_\\___\_%_\___A___J__/J__\_J___J__ Al:  1ft
| | | | | | | | | | | .
| | /\ \ | | | | / | \\ | AZ: 4ft
000 l A N\ l ‘ ! l Ne
" o~ ] | { - / ] -
[l WP I I \ I Y R 4 I I |
| | | | \ x5.00 UD=26 (D=12.5in) | |
-10.00 ‘ ‘ ‘ } ‘ 27.00 ft (12819 ft/s) | } } vV 0.773in/s (0.495)
! ' U U f I I T I T I T T I lemm == = V2 4.351in/s (1.884)
0 5 10 15 20 25