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PREFACE

This report was prepared by the King County Water and Land Resources
Division (KCWLRD). It documents the results of the 1996 environmental
monitoring of the Pier 53-55 Sediment Cap and Enhanced Natural Recovery Area
Remediation Project. Monitoring in 1996 was part of monitoring in a scheduled 10-
year program that began in 1992. Project construction information, project
background, and 1992 monitoring results appear in the report, Pier 53-55 Sediment
Cap and Enhanced Natural Recovery Area Remediation Project (EB/DRP, 1993), and
1993 monitoring results appear in the report Pier 53-55 Sediment Cap and
Enhanced Natural Recovery Area Remediation Project 1993 Data (EB/DRP, 1995).

This project is conducted under the administration of the Elliott
Bay/Duwamish Restoration Program Panel. The Panel is-composed of represen-
tatives from the National Oceanic and Atmospheric Administration, the U.S. Fish
‘and Wildlife Service, the Muckleshoot Indian Tribe, the Suquamish Tribe, the
Washington State Department of Ecology, the City of Seattle, and KCWLRD. The
Panel's goals are to identify, prioritize, and implement sediment remediation and
habitat development projects, along with associated source control measures, and
real estate acquisition for habitat purposes in Elliott Bay and the. Duwamish River.
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EXECUTIVE SUMMARY

In 1996, monitoring activities were conducted at the Pier 53-55 remediation
area as part of a 10-year monitoring program. The area comprises 4.5 acres of
contaminated bottom sediment in Seattle's Elliott Bay that were capped with clean
sand in March 1992. The capped sediments are located offshore of Piers 53, 54, and
55 in downtown Seattle (Figure 1). The cap is designed to be 3 feet thick over the
2.9 acres farthest offshore and 1 foot thick over 1.6 acres nearshore. The thinner
part of the cap is known as the enhanced natural recovery area (ENR).

The purpose of the monitoring program is to determine how stable the cap is,
how well it is functioning to isolate the contaminated sediments, whether the
cleanup continues to meet state sediment standards, and how the cap is biologically
repopulated. It is also a means to evaluate the rate of possible recontamination.
Bottom stakes were installed to measure cap thickness and stability, and sampling
stations were established to monitor both chemistry and taxonomy (Figure 2).

METHODS AND RESULTS

Cap Thickness and Settlement

Cap thickness and settlement were measured directly using 13 measuring
stakes and settling plate assemblies that were installed in the target capping area
before the cap was placed (not shown on Figure 2). Divers measured both cap
thickness and settlement at each of the 13 stakes soon after capping in 1992, a year
later in 1993, and again in 1996 to determine whether the cap is eroding and the
amount the seafloor is settling.

Cap thickness and settlement measurements taken in 1996 showed that the
cap and ENR are stable and not eroding or sinking into the native bottom mud.
Most of the changes in cap thickness that occurred between 1993 and 1996 were in
the range of a few hundredths of a foot (Table 2-1). Four measured changes were
equal to or slightly greater than 0.1 of a foot (3 cm). Cap thickness measurements
were not available on the 3-foot cap at Stakes 5 and 8 and on the ENR at Stake 13
because. the stakes were missing or broken.

The overlying burden of 22,000 cubic yards (16,700 m3) of sand caused some
seafloor settlement as anticipated. In the 3-foot cap area, settlement ranged from
0.17 foot (5.2 cm) to 0.85 foot (10.7 cm). Settlement in the ENR ranged from
0.26 foot (7.9 cm) to 0.03 foot (0.9 cm). The ENR settled less than the 3-foot cap
probably because of the smaller amount of overburden. The minimal amount of
settlement shows that the cap is stable and not sinking into the native bottom

muds.
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Executive Summary

Figure 1. Location of Remediation Area

Core Chemistry

Cores were taken at three stations on the 3-foot cap and ENR (C1, C4, and
C5). Each core extended completely through the cap and into the underlying
contaminated sediments by at least 1 foot. The cores were divided into 6-inch-long
sections. For each core, one section from within the cap just above the cap/under-cap
interface were analyzed for organic, metal, and conventional parameters.

Analysis of the 1996 core samples showed that no chemicals have migrated
up into the cap from the underlying contaminated sediments. Only one organic
compound was detected at one station (C1). Most metals found in the cap were in
concentrations near detection limits.

Surface Sediment Chemistry

Seven surface sampling stations were monitored on the 3-foot cap and ENK
(VG1 through VG7). The top 2 cm of sediment from three grab samples were
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Executive Summary
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Figure 2. Sampling Stations

composited from each sampling station. The composite samples were analyzed for
organic, metal, and conventional parameters. Additionally, samples representing

the. 0 to 10 cm depth were collected and analyzed.

Several new contaminants appeared on the Pier 53-55 remediation area for
the first time in 1996. These contaminants included PCBs, pesticides, a chlorinated
benzene, phthalates, and phenols. 4-Methylphenol was detected at every station in
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Executive Summary

the Pier 53-55 remediation area and it exceeded the CSL at VG5 in the 2-cm-deep
primary and replicate samples. It also exceeded the CSL in the 10-cm-deep sample
at VG5. Phenol was detected at every station. It exceeded the CSL at VG5 in the 2-
cm sample and exceeded the SQS at VG3, VG6, and the 2-cm replicate at VG5.
Phenol also exceeded the SQS in the 10-cm sample at VG5.

A likely source of both phenols was not found during this study. Further study
and an investigation of phenol and possibly phthalate sources along the waterfront
are needed to understand the new contamination detected on the Pier 53-55
remediation area.

Benthic Recolonization

Benthic taxonomy samples were taken at four surface sampling stations
across the remediation area. Two stations were in the ENR (VG3 and VG4), and
two stations were in the 3-foot cap (VG1 and VG2). Five replicate samples were
taken from cach station. The samples were analyzed for the number of individual
organisms, for the number of species, and for biomass (weight). Additionally in
1996, a benthic taxonomic reference station was sampled. The reference station was
located just offshore of Richmond Beach and the results were compared to the
taxonomic results from the Pier 53-55 remediation area. Reference stations are
used to represent background or undisturbed conditions for comparison to the
stations in the areas being studied.

The 1996 data showed that the number of polychaete individuals were lower
while the numbers of mollusks and crustaceans were higher than in 1993.
Polychaetes decreased at all stations, ranging from 47 to 86 percent. Mollusks
increased at all stations, ranging from 82 to 224 percent and crustaceans increased
at all stations, ranging from 26 to 200 percent. '

The increase in the numbers of mollusks and crustaceans show that the
recolonization process of the cap is continuing and that the benthic community is
changing over time. The changes in the benthic community appear to be linked to a
change toward a finer grain-size on the surface of the remediation area. This
particle-size shift was expected because the sand cap was placed on top of the
native, mostly fine-grain muds. Eventually the sedimentation process present along
the Seattle waterfront will completely cover the cap with fine-grain muds.

Another factor in the change in community structure was the increase in
chemical contamination. Chemical results in 1993 showed that the cap had been re-
contaminated with high levels of PAHs and mercury from construction activities at
the nearby ferry terminal. At that time, however, the benthic community did not
appear to show any adverse affects. It is possible that sampling was conducted too
soon after the recontamination occurred in 1993 for the benthic community to show
chronic effects. During the time between 1993 and 1996, the high PAH
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Executive Summary

concentrations have. declined significantly but new contamination is now present.
The source of this new contamination is not yet known. In 1993 the Ampharetid
Asabellides lineata was dominant in the benthic community and in 1996 it was
completely absent. Ampharetids have been used as an indicator species that are
“sensitive or intolerant to toxic stress” (Metro 1987). Also, the Infaunal Trophic
Index identifies Ampharetids as species that are common in control regions (Thom
et al. 1979). Between the grain-size shift and continued recontamination of the

remediation area, Ampharetids have decreased from 1,314 total individuals in 1993
to 57 in 1996.

A comparison of samples taken in 1996 to samples taken in March 1992
before the remediation area was capped showed that the post-cap benthic
community is becoming more like the pre-cap community. The results showed that
Axinopsida serricata was the top most dominant species at all pre-cap stations and
was the top most dominant species at three of the four stations in 1996. Other
infauna that were dominant in both studies include E carcharodonta, Prionospio
jubata (formerly P. steenstrupi)) Lumbrineridae, Macoma, and Parvilucina
tenuisculpta. A. serricata, P. jubata and E. carcharodonta have been dominant in all
post-cap samples except the baseline samples, which were taken only a few months
after capping.

CONCLUSIONS

Conclusions from the 1996 monitoring of the Pier 53-55 remediation area are
as follows:

+ The 3-foot cap and ENR are stable. They are not eroding or sinking
into the native bottom muds.

- Contaminants are not migrating from the underlying sediments up
into the 3-foot cap or ENR. Results show few chemicals were
detected from within the.3-foot cap and ENR. When chemicals were
detected, the concentrations were near the detection limits.

+ High levels of PAHs found in 1993 have decreased. However, the
surface of the 3-foot cap and ENR have been recontaminated by
4-methylphenol and phenol, as indicated by chemical analyses of
2-cm-deep and 10-cm-deep surface samples. These samples showed
that the southeast corner of the remediation area exceeded state.
sediment standards. The source of the new contamination was not
readily apparent and further study will be needed.

. The 1996 benthic taxonomy data indicated that the number of
polychaete individuals was lower while the numbers of mollusks
and crustaceans were higher than in 1993. This shift in species
dominance shows that the recolonization process of the cap 1is

pier 53-55 Capping Project Xi



Executive Summary

continuing and that the benthic community is changing over time.
These. changes in the benthic community appear to be linked to a
greater percentage of fine-grain sediments in the remediation area.
This particle-size shift was expected because the sand cap was
placed on top of the native, mostly fine-grain muds. Another
possible factor in the change in community structure has been the
increase in chemical contamination. In 1993, the ampharetid

- Asabellides lineata was dominant in the benthic community,
however, in 1996 it was completely absent. Ampharetids have been
used as an indicator species that are “sensitive or intolerant to toxic
stress” (Metro 1987). Additionally, a comparison of samples taken
in 1996 to samples taken in March 1992 before the remediation
area was capped showed that the post-cap benthic community 1s
becoming more like the pre-cap community.

The next monitoring of the Pier 53-55 remediation area is scheduled for
August 2002.
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SECTION 1
INTRODUCTION

In March 1992, contractors for the U.S. Army Corps of Engineers placed
22,000 cubic yards of clean sand offshore of Piers 53, 54, and 55 in Elliott Bay on
Seattle's downtown waterfront, capping 4.5 acres of chemically contaminated
bottom sediments. This action, known as the Pier 53 project, was the culmination of
over 4 years of study and planning by many agencies, including the City of Seattle
Department of Engineering, the King County Water and L.and Resources Division
(KCWLRD) (formerly the Municipality of Metropolitan Seattle or Metro), the U.S.
Army Corps of Engineers (the Corps), the Washington State. Department of Ecology
(Ecology), the Washington State Department of Natural Resources (DNR), the
Washington State Department of Fisheries, and the U.S. Environmental Protection
Agency (EPA).

The purpose of this report is to document the methods, results, and
conclusions of monitoring conducted on the Pier 53 project site in 1996 as part of the
monitoring program established for the project. For further background information,
see Pier 53-55 Sediment Cap and Enhanced Natural Recovery Area Remediation
Project (EB/DRP, 1993a) and Pier 53-55 Sediment Cap and Enhanced Natural
Recovery Area Remediation Project 1993 data (EB/DRP 1995a).

PROJECT SITE

The project site is an east-west-trending rectangular and trapezoidal area
located offshore of Piers 53, 54, and 55 (Figure 1-1). The site is west and slightly
north of the intersection of Madison Street and Alaskan Way in downtown Seattle. -
The project consists of a 3-foot-thick sediment cap covering the 2.9 acres farthest
offshore and an experimental 1-foot-thick enhanced natural recovery area (ENR)
covering the 1.6 acres nearshore.

PROJECT BACKGROUND

Planning for a remediation project along the Seattle waterfront began as part of
Metro's Toxic Sediment Remediation Program, which was formed to coordinate and
plan multi-agency efforts to clean up contaminated sediment in Elliott Bay and the
lower Duwamish Estuary. An interagency committee was formed to provide
guidance for this program. The Denny Way sediment cap—located north of Seattle's
downtown waterfront—sponsored by Metro, and constructed in 1990, was the first
project completed under the Toxic Sediment Remediation Program.

Pier 53-55 Capping Project 1-1



Introduction

Figure 1-1. Location of the Pier 53 Remediation Area

The first major step in planning a new sediment remediation project along
the Seattle waterfront was to contract Parametrix, Inc., to develop a risk
assessment of potential remediation sites and to prioritize a list of 49 potential
sites. The list was later expanded to include sites in the Duwamish River for a total
of 68 sites. The sites were ranked on the basis of the number and types of chemicals
present and the maximum concentration of these chemicals. Of the initial 49 sites,
the two highest ranked sites were Seacrest Park, located south of the Seacrest
‘Marina on the West Seattle side of Elliott Bay, and the Pier 53 site. A preliminary
remediation plan was developed for these two sites as part of the Parametrix report
(Parametrix, 1992).

Planning for remediation was suspended when the National Oceanic and
Atmospheric Administration (NOAA) filed a lawsuit against the City of Seattle and
Metro in 1990. The lawsuit alleged damages to natural resources resulting from
hazardous substances released in and around Elliott Bay and the Duwamish River
from combined sewer overflows (CSOs) and storm drains. It was settled out of court
in 1991. The negotiated settlement among NOAA, the U.S. Fish and Wildlife
Service, the Muckleshoot Indian Tribe, the Suquamish Tribe, Ecology, the City of

1-2 Pier 53-55 Capping Project

S0

J\/\/\//\/\

TN e

/‘\ v \

({



Introduction

Seattle, and Metro created a fund designated for sediment cleanup and habitat
restoration in Elliott Bay and the lower Duwamish River. It also created a panel,
the Elliott Bay/Duwamish Restoration Program Panel (the Panel), to administer the
fund. The settlement stipulated that money for the fund would come from the City
of Seattle and Metro.

After the lawsuit was settled, planning for a remediation project in Elliott
Bay was revived. The Pier 53 site was chosen when the City of Seattle expressed a
willingness to take the lead in implementing a capping project at the site and the
Corps was willing to provide capping sand from routine maintenance dredging in the
Duwamish River.

No effort was made to reassemble the initial interagency committee. Instead,
the City of Seattle and Metro decided to develop plans and coordinate agencies
during the permit process. The Corps was committed to complete dredging in the
Duwamish River by the end of March 1992 and would dispose. of the sand at the
open water disposal site in Elliott Bay if no beneficial capping project was possible.
Because. of this dredging schedule, the time frame for acquiring the necessary
permits and the review period for the permitting agencies were very short. All
permitting agencies were cooperative, and all permits were obtained.

After the Pier 53 sediment cap was installed, the project was presented to the.
Panel. The Panel reviewed the project and, after deciding it met certain criteria,
declared that the project was eligible for reimbursement from the restoration fund.
The management of the Pier 53 project then proceeded under the direction of the
restoration panel with the City of Seattle as project sponsor. Metro and now
KCWLRD agreed to conduct the monitoring program, which was established during
the permitting process.

MONITORING PROGRAM

It was determined that environmental monitoring for the Pier 53 project
should consist of short-term activities needed to place the cap and long-term
activities needed to document the effectiveness of the cap. The long-term activities
would include intensive sampling and observation during the first 2 years after
capping, followed by less frequent monitoring thereafter. A 10-year monitoring plan
was adopted and is currently under way (City of Seattle.and Metro, 1992). The next
and final Pier 53 monitoring study will be conducted in August 2002 (Appendix A).

Monitoring Plan

The monitoring plan (Appendix A) lists seven objectives and provides an
outline for the periodic monitoring report. The objectives are as follows:

« Provide pre-cap taxonomic data.

Pier 53-55 Capping Project 1-3
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* Guide and document the.cap placement and thickness.

+ Document how well the 3-foot cap and ENR function to isolate
contaminated sediments from migrating upward into the cap.

« Determine whether offsite chemicals migrate and accumulate on the
surface of the 3-foot cap and ENR.

+ Determine the amount and type of benthic recolonization that
occurs in the remediation area and whether benthic recolonization
differs between the 3-foot cap and ENR.

+ Review and evaluate the 1monitoring data to determine whether the
cap is functioning as expected and whether further actions are
warranted in the capped area.

+  Provide data that may inform and assist the Panel and other agency
teams in developing future cleanup plans for Elliott Bay.

To meet these objectives, the monitoring plan required the establishment of
bottom stakes for measuring cap thickness, surface sediment stations for taking
samples for chemical and taxonomical analysis, and core sediment stations for
taking samples for chemical analysis (Figure 1-2). Sediment chemistry data
collected during monitoring were to be normalized for total organic carbon and
compared to the state Sediment Management Standards (SMS) (Ecology, 1991) to
determine whether the site continues to meet the state cleanup criteria. The SMS
include the Cleanup Screening Levels (CSL) and the more conservative Sediment
Quality Standards (SQS).

Status Report on the Monitoring Program

Monitoring activities have been conducted in 1992, 1993, and 1996 at the Pier
53 site, both before and after the cap was placed.

The first monitoring activities took place in 1992 with the collection of pre-cap
benthic taxonomy and sediment chemistry samples. Monitoring was conducted
again in 1992 soon after capping to establish baseline conditions, in 1993 (1 year
after capping), and in 1996 (4 years after capping). Monitoring data included cap
placement, thickness, and settlement; benthic taxonomy; surface sediment
chemistry; and core chemistry. A video camera survey of the cap was conducted in
1992 and 1993 and a sediment-profile camera survey was conducted in 1992. The
report containing 1992 data results and discussions was issued as a draft and as a
preliminary review draft to the Panel and to other regulatory agencies before being
finalized in 1993 (EB/DRP, 1993a). The report containing 1993 data was issued as
a draft and finalized in 1995 (EB/DRP, 19953).
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Figure 1-2. Sampling Stations

The pre-cap chemical analysis showed the expected high concentrations of
organic and metallic contaminants at the Pier 53 site. Pre-cap sediment samples
exceeded the CSL for mercury, cadmium, and silver. Pre-cap bioassays showed that
the sediments were toxic. The pre-cap benthic taxonomy showed that the benthic
community was composed of species most likely to inhabit a disturbed environment,
however, it was not clear if this was related to the contamination present at the site.
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Baseline cap thickness measurements and a sediment-profile camera survey
taken after cap placement in 1992 showed that the cap placement proceeded as
planned except for a small amount of sand that drifted offsite. The amount of sand
used in the 3-foot cap and ENR was similar to the amount projected except for the
area farthest offshore and in deeper water, which required more sand. The method
of applying the capping sand directly and slowly from the barge worked well, and, by
using available equipment, the project costs were kept to a minimum. All maps of
the Pier 53 project that appear in this report include rectangles that represent the
barge tracks—the areas where individual barge loads were deposited.

Post-cap baseline core samples taken in 1992 showed the expected high
chemical concentrations in the under-cap samples and either undetected or low
concentrations in the within-cap samples. The cap surface samples showed the cap
to be clean and that the chemical concentrations were similar over the entire cap.
As expected, the within-cap core and cap-surface chemistry levels were well below
the state sediment standards. The. post-cap baseline benthic taxonomy survey
taken in 1992 showed that recolonization was beginning but that numbers and
biomass were low. The video camera survey showed that benthic recolonization was
beginning at the edges of the cap.

Scheduled monitoring continued in 1993. Thickness measurements showed
that the cap remained stable and was not eroding. However, thickness
measurements showed an additional 0.5 foot (15 cm) of sediment had accumulated
on the southeast corner of the cap. The extra sediment was probably deposited
during construction activities at the adjacent downtown ferry terminal. Settlement
measurements showed that the seafloor under the cap remained stable and the cap
was not sinking into the native bottom mud.

- Core samples taken in 1993 showed that the cap continued to isolate the
underlying contaminated sediments. Samples showed a dramatic contrast between
the high concentrations in the underlying sediments and the low or undetected
concentrations in the cap and ENR. Chemical results from the under-cap samples
showed wide variability.

Surface samples taken in 1993 showed that the cap had become re-
contaminated. Chemical analyses of 2-cm deep surface samples showed that the
southeast corner of the remediation area exceeded state sediment standards.
Chemical concentrations and visual observations showed a strong correlation
between the recontamination and construction activities at the adjacent downtown
ferry terminal.

Despite the recontamination, benthic taxonomy samples indicated that the
number of individuals, the number of species, and biomass were greater in 1993
than in the 1992 baseline study. The number of species and individuals was also
higher in 1993 than before the cap was placed, although biomass was lower. These
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Introduction

increases show that improved sediment quality has had a positive effect on the
benthic community. However, the benthic sampling stations were not located near
the areas of highest recontamination, and, consequently, biological effects of the con-
tamination could not be determined.

Modifications to the Monitoring Plan

Experience gained from monitoring at the Pier 53 project and at the Denny
Way sediment cap has shown that not all of the scheduled activities listed in the
monitoring plan for the Pier 53 project (Appendix A) were necessary to meet the
objectives outlined in the plan. Difficulties with certain sampling methods and the
usefulness of the collected data made it necessary to continually re-evaluate the
effectiveness and costs of the original monitoring plan. The following is a discussion
of modifications to the plan.

Core samples

Baseline monitoring and monitoring in 1993 at Pier 53 showed very low or
undetected results for all chemicals that were analyzed for within the cap. Based on
this, only the first 6-inch sections above the cap/under-cap interface in each core
sample were. analyzed in 1996 for organics, metals, and conventional parameters.
The second 6-inch section taken from the ENR and the second, third, and fourth
6-inch sections taken from the 3-foot cap all were archived.

Chemical results from the under-cap samples in past years at Pier 53 (1992,
1993) and at the Denny Way cap (1990, 1991, 1992) have been widely variable.
Coring through the cap sand and into the underlying mud has apparently resulted in
inconsistent sample capture from the underlying mud. Because of this, the under-
cap samples have been archived.

Because previous core samples showed no migration of contamination from.
the underlying sediments up into the cap, the decision was made to reduce the
number of core stations sampled from five to three. The three cores stations that
were sampled were C1, C4, and C5. C1 was sampled because it was located in the
area of the greatest pre-cap contamination. C4 and C5 were sampled because they
were located in the thinner ENR. Cores were planned on the 3-foot cap at C2 and C3
but would have been sampled only if there were substantial erosion in those areas.
Stake measurements during monitoring showed that there was no erosion and
therefore, C2 and C3 were not sampled.

Surface samples

In 1996, samples were collected at all seven on-cap surface stations from the
0- to 2-cm depth as in all previous years. The 0- to 2-cm samples are taken to
characterize the most recent contamination. Previous studies at the Pier 53-55 cap
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(Hart Crowser, 1994 and EB/DRP 1995a) have shown significant differences
between the results of samples taken from the 0- to 2-cm depth and the 0- to 10-cm
depth, however. The different results were possibly caused by cleaner cap sand in
the deeper 10-cm sample diluting higher concentration of recently deposited contam-
inants in the top 2 cm.

To document the differences between the different sample depths and because
the standard sampling depth for comparisons with the SMS is 10 c¢m, 2- to 10-cm-
deep samples were also collected at stations VG3, VG4, and VG5. During data
Interpretation, the results of these samples were proportionally combined with the
results from the top 2 cm at these stations to reflect the chemical concentrations in
the top 10-cm biologically active zone.

Benthic taxonomy

Two years of benthic taxonomy samples have been collected from the cap. The
results of these samples have shown that the benthic community has recolonized the
cap and has increased since the 1992 baseline study. For 1996, the decision was
made. to collect a benthic taxonomy reference sample to enable comparisons of the
cap to a reference community that represents normal and stable conditions. This
comparison would help determine how long it takes for a stable benthic community
to re-establish itself after capping.

REMOTS sediment-profile survey

After capping, the REMOTS sediment-profile survey was used to determine
how far capping sand drifted offsite during construction. The REMOTS study was
also used for an initial assessment of the benthic community during the first stages
of recolonization. Further information is not needed on capping sand location,
however, and benthic recolonization is being evaluated using benthic taxonomy
studies. Therefore, no further REMOTS surveys will be conducted during this
monitoring program.

Video camera survey

Video camera surveys were not required by the monitoring plan but were
determined to provide useful information about the cap. Two years of video camera
surveys have been conducted on the cap. The video surveys were able to show the
actual surface of the cap. Video surveys have also shown a surface organic layer that
increased since capping, marine plants and organisms, and a buildup of litter and
other debris. The information is not easily quantifiable, however, and other
methods of determining the organic content of the sediments and of evaluating the
benthic community are being used. Therefore, no further video camera surveys will

be conducted.
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SECTION 2
CAP THICKNESS AND SETTLEMENT

Once the Pier 53 cap was installed, the monitoring plan required periodic
measurement of cap thickness and seafloor settlement. These measurements
document changes that could compromise the integrity of the cap and its ability to
isolate contaminated sediments. This section describes the cap measuring stakes

and settling plate assemblies, documents cap thickness and settlement in 1996,
and compares these results to the 1992 baseline and 1993 measurements.

METHODS

Before the cap was placed in 1992, Metro directed contract divers to install 13
bottom stakes and settling plate assemblies in the capping target area (Figure 2-1).
The stakes and assemblies measure cap thickness and seafloor settlement after cap
placement. The stakes were 13- to 18-foot long (3.9 to 5.4 m), l-inch-diameter
(2.5 cm) steel pipes, pounded 8 to 13 feet (2.4 to 3.9 m) into the bottom, with 4.81 to
4.9 feet (1.46 to 1.48 m) left exposed. Settling plate assemblies were then fitted
over each steel stake.

Settling plate assemblies were made of a 16-inch-diameter (40 cm) plate
sitting horizontally on the pre-cap seafloor, attached to a vertical 4-inch-diameter
(10 cm) PVC cylinder long enough to remain exposed after the cap was placed
(Figure 2-2). The settling plate assembly was designed to slide down the stake as
the contaminated sediments were compressed under the weight of the overlying cap.
A metal clamp fastened to the steel stake marked the position of the PVC cylinder
- before capping. The distance between the bottom edge of the metal clamp and the
top of the PVC cylinder was a direct measurement of seafloor settlement after
capping. '

Cap thickness was determined by measuring the length of PVC cylinder
exposed above the cap surface, and then subtracting the total length of the cylinder
measured before capping. (The net change in water depth can be obtained by
subtracting the settlement from the cap thickness.)

Using a surveyor's rod, divers measured both cap thickness and seafloor
settlement at each of the 13 stakes soon after capping in 1992, in 1993, and in 1996.

RESULTS

Cap thickness and settlement measurements taken in 1996 showed that the
cap and ENR are stable and not eroding or sinking into the native bottom mud.
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Figure 2-1. Barge Tracks and Measuring Stakes Locations

Cap Thickness

Most of the changes in cap thickness that occurred between 1993 and 1996
were in the range of a few hundredths of a foot (Table 2-1). Four measured changes
were equal to or slightly greater than 0.1 foot (3 cm). Cap thickness measurements
were not available on the 3-foot cap at Stakes 5 and 8 and on the ENR at Stake 13

because the stakes were missing or broken.
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Figure 2-2. Measuring Stake Assembly

Comparing 1996 measurements to 1992 baseline measurements showed only
three stakes with measured changes equal to or greater than 0.1 of a foot. All three
of these stakes were located on the southern portion of the cap and all accumulated

sediment, ranging from 0.7 foot (21 cm at Stake 1) to 0.1 foot (at Stake 2).

In the ENR (Stakes 6, 9, 11, and 12), three stakes showed that the cap was
thicker compared to 1993, ranging from 0.06 foot (1.8 cm) to 0.17 foot (5.2 cm) and
one stake showed that the cap was thinner by 0.06 foot (1.8 cm). Comparing the
1996 measurements to the 1992 baseline measurements showed that all changes on
the ENR were less than 0.1 foot ranging from 0.08 foot (2.4 cm) increase at Stakes 6
and 9 to no change at Stake 12.

Seafloor Settiement

The overlying burden of 22,000 cubic yards (16,700 m3) of sand caused some
seafloor settlement as anticipated. In the 3-foot cap area, settlement ranged from
0.17 foot (5.2 cm) at Stake 7 to 0.35 foot (10.7 cm) at Stake 1 (Table 2-2).
Settlement in the ENR ranged from 0.26 foot (7.9 cm) at Stake 9.to 0.03 foot
(0.9 cm) at Stake 12. The ENR settled less than the 3-foot eap probably because of
the smaller amount of overburden. The minimal amount of settlement shows that
the cap is stable and not sinking into the native bottom muds.
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Cap Thickness and Settlement

TABLE 2-1. Cap Thicknesses at Measuring Stakes (in Feet)
Stake|1992 Cap Thicknesg 1993 Cap Thicknesg 1996 Cap ThicknesyChange From 19931Change From 1992
1 2.9 3.44 3.6 +0.16 +0.7
2 2.6 2.72 2.7 - 0.02 + 0.1
3 2.8 2.82 2.92 + 0.0 +0.12
4 3.5 3.56 3.58 + 0.02 + 0.08
Missing Stake and | Missing Stake and | Missing Stake and | Missing Stake and
5 3 Assembly Assembly Assembly Assembly
6 2.1 2.2 2.18 - 0.02 + 0.08
7 2.5, 2.5 2.44 - 0.06 -0.06
Broken Stake and | Broken Stake and | Broken Stake and
8 2.5 2.54 Assembly Assembly Assembly
9 1.5 1.52 1.58 + 0.06 + 0.08
10* 1.9 1.86 1.8 - 0.06 - 041
11 0.9 0.78 0.95 +0.17 +0.05
12 1 0.88 1 +0.12 0
Missing Stake and | Missing Stake and | Missing Stake and
13 0.8 0.83 Assembly Assembly Assembly

* Stake 10 is located on the edge of the cap.

Settlement measurements were not available at four sites along the southern
and western boundaries of the 3-foot cap and one site on the ENR because the
measuring stakes were damaged or missing (Table 2-2).

DISCUSSION

With the exception of Stake 1, all of the changes in cap thickness were less
than a few tenths of a foot and most were approximately a few hundredths of a foot.
All stakes in the ENR showed very little, if any, change. All changes were minor and
show that the 3-foot cap and ENR are stable and isolating the underlying
sediments.

All of the stakes along the southern boundary of the cap showed at least
minor increases in cap thickness. The substantial increase at Stake 1 since capping
was likely caused by construction activities at the ferry terminal between 1992
baseline monitoring and monitoring in 1993. Increases in cap thickness since 1993
are likely from sediment that is stirred up by prop-wash from large car-ferries and
then settles on to the cap. During docking of the ferries, a reverse propeller thrust is
used to brake the momentum of the ferry prior to contacting the dock. This reverse
thrust is directed onshore into a shallow nearshore area. A similar thrust is also
used during ferry departure. It is possible that these onshore thrusts suspend
bottom sediment that travels a short distance and then re-settles on the bottom.
The southwest corner of the.cap is in an area where some of the suspended sediment
would likely settle.
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TABLE 2-2. Seafloor Settlement
Stake| 1992 Settlement | 1993 Settlement | 1996 Settilement
1 No Settiement 0.3 0.35
2 No Settlement |Missing Steel Tube |Missing Steel Stake
3 No Settlement |Missing Clamp Missing Clamp
4 No Settlement 0.3 0.28
Missing Stake and | Missing Stake and
5 No Settlement Assembly Assembly
6 0.12 0.2 0.23
7 No Settlement , 0.16 0.17
Broken Stake and Broken Stake and
8 0.12 Assembly Assembly
9 No Settlement 0.2 0.26
10 0.18 0.04 0.25
11 0.2 0.04 0.05
12 0.15 0.04 0.03
Missing Stake and
13 0.1 0.02 Assembly

During 1996 monitoring, divers reported that Stake 8 had been broken off at
the cap surface. Also, divers were unable to find Stake 13 despite a lengthy attempt
and excellent visibility. The divers reported that a significant amount of large wood
debris covered the bottom in the area of Stake 13, however, leaving the possibility
that either the stake was destroyed or that the diver could not locate it among the
debris. .

These two stakes are in addition to three stakes that were partially damaged
or completely missing during monitoring in 1993. Two of these stakes, however,
were only partially damaged and were still accurate for cap thickness
measurements but did not allow for cap settlement measurements.

The Stake damage possibly reflects construction and commercial activities in
the Pier 53-55 area. At the Denny Way cap, one of the six measuring stakes was
bent during capping but no other damage has occurred in the 6-years since capping
(Metro 1994, Wilson and Romberg 1996). The Denny Way cap is located just
offshore of Myrtle Edwards park where almost no commercial activity occurs,
although public boaters anchor on the cap during several public events per year.
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SECTION 3
CORE CHEMISTRY

In August 1996, the monitoring team collected core samples from the 3-foot
cap and ENR. The samples were collected and analyzed to determine whether
contaminants are migrating from under-cap sediments upward into the cap. Core
samples were analyzed for trace metal, organic, and conventional parameters. This
section describes the core sampling methods and compares the results of the
chemical analysis to the SMS and to the 1992 baseline and 1993 results.

METHODS

The monitoring plan defined five core sampling stations (C1 through C5), as
shown in Figure 3-1. Two stations are in the ENR (C4 and C5), and three stations
are.in the 3-foot cap (Cl, C2, and C3) to allow comparisons between the two areas.
The stations are located in water depths of 55 to 60 feet (16.6 to 18 m) and in areas
where the bottom slope is less steep than farther inshore. C1 is located in the
southeast corner of the site where some of the highest chemical levels were
previously observed and where sampling is more likely to detect the possible upward
migration of contaminants into the cap. All five stations are situated at least
30 feet (9 m) away from the surface sampling stations so that any potential release
of contaminated sediment from core sampling activities would not affect surface
samples.

Because core samples taken during 1992 baseline and 1993 monitoring at
Pier 53 showed no migration of contamination from the underlying sediments up
into the.cap, the decision was made to reduce the number of core stations sampled
from five to three. The three cores stations that were sampled were C1, C4, and C5.
Cl1 was sampled because it was located in the area of the greatest pre-cap
contamination. C4 and C5 were sampled because they were located in the thinner
ENR area. Cores were planned on the 3-foot cap at C2 and C3 but would have been
sampled only if there were substantial erosion in those areas. Stake measurements
during monitoring showed that there was no erosion and so C2 and C3 were not
sampled.

Sample Collection

During 1996 monitoring, two cores were collected from each of the three
stations that were sampled. The longest core was analyzed first, while the second
served as a backup in case there was a problem with the first core.
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Figure 3-1. Core Sampling Stations

The monitoring team consisted of a diver, a diving support crew and boat, and
King County's RV Liberty and crew. Station location was determined using a
differential global positioning system (DGPS) onboard the RV Liberty. In addition, a
shore-based surveyor ensured consistency between previously surveyed station
locations, which used a range azimuth laser positioning system, and DGPS
positions. The RV Liberty crew began by setting marker buoys at each coring
station. After the buoys were set, the RV Liberty crew anchored at a coring station
and tied the diver support boat alongside. The diver carried a 6-foot-long (1.8 m), 4-
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inch-diameter (10 cm), thin-walled aluminum coring tube down to the core station
and inserted it into the bottom, keeping it vertical. While in the water, the diver
was in constant contact with the support boat via closed-circuit radio. A 0.5-inch
(1.25 cm) nylon rope was attached from a boat winch to the coring tube for later
retrieval of the core. The crew, using another winch, lowered a pneumatic
jackhammer to the diver. The diver then jackhammered the core tube through the
cap and into the sediments below. The diver required about 10 minutes to drive the
core tube.5 feet (1.5 m) into the bottom, leaving about 1 foot (30 cm) of the core tube
above the bottom. Each core extended completely through the cap and into the
underlying contaminated sediments by at least 1 foot. Once the core tube was deep
enough, the diver removed the jackhammer and inserted a rubber screw plug into the
top of the tube. The winch operator, using the nylon rope attached to the coring tube,
slowly pulled the core out of the bottom sediments. Once the core was free of the
bottom, the diver inserted a second rubber screw plug into the bottom of the tube to
completely encapsulate the sample.

The core samples were then brought onboard where the top plug was removed,
excess water was siphoned off, and the length of the core was measured. Each core
tube was labeled with a permanent marker to show station number and the length
of the core sample. The cores were transported to King County's laboratory and
stored in a walk-in freezer.

Sample Analysis

Shortly before the cores were processed, they were removed from the freezer
and thawed. When the cores were thawed, the aluminum tubes were cut down the
sides lengthwise. Half of the tube was removed and the other half was left to hold
the core.

The cores were then divided into 6-inch-long (15 cm) sections for analysis, as
shown in Figure 3-2. In the cores taken from the 3-foot cap area, one 6-inch section
was taken below the interface. of the cap with the contaminated sediment and four
6-inch sections were taken from above the interface (within the cap). In cores taken
from the ENR area, one 6-inch section was taken from below the interface and two
6-inch sections were taken from within the cap. Before the sections were cut, a
1-inch-thick (2.5 cm) band of cap sediment above the interface was discarded to
remove any contaminated sediment that may have been mixed into the cap during
placement. The outsides of the 6-inch sections were scraped away, and the interior
of the core was scooped out and placed into a stainless steel bowl. The material in
each bowl was stirred before a sample was taken for analysis.

Analyses of the core sections in 1992 and 1993 showed no migration or mixing
of contaminants into the cap. Concentrations in the 6-inch section below the
cap/under-cap interface differed greatly between years and were possibly a sampling
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artifact. Therefore, in 1996 only the first 6-inch section of each core directly above
the cap/under-cap interface (“first 6-inch section”) was analyzed. If migration were
to occur, the chemicals would be found in this section first. Samples from the under-
cap and other within-cap sections were collected but were. archived.

King County's Environmental Laboratory analyzed the samples for trace
metals, base neutral acid extractable (BNA) organics, pesticides, polychlorinated
biphenyls (PCBs), total organic carbon (TOC), and total solids. BNAs include low
and high molecular weight polycyclic aromatic hydrocarbons (LPAHs and HPAHs).
The lab used the EPA and Puget Sound Environmental Program approved
procedures for sediment analysis. (Quality assurance procedures are discussed in
Appendix B.) AmTest, Inc., analyzed the samples for particle size distribution.
Certain BNA organics and PCBs were normalized with respect to total organic
carbon for comparison to the SQS and CSL. These values were reported as
milligrams per kilogram (mg/kg) organic carbon.
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RESULTS

Data tables and figures appear at the end of this section. Data tables show
detected chemicals on a dry-weight basis (Table 3-1), comparisons to the SMS
(Table 3-2), and particle size distribution (Table 3-3). A complete list and
explanation of qualifiers also appears in Appendix B.

Analysis of the three 1996 core samples indicated that chemicals from the
underlying sediments have not migrated up into the 3-foot cap or ENR. The
samples showed a stark contrast between the chemical concentrations of the surface
sediments and low or undetectable concentrations within the cap. Of the 98 organic
compounds analyzed for, only bis(2-ethylhexyl)phthalate was detected at one
station. All other organic chemicals were undetected. For metals, mercury,
cadmium, and silver were undetected. Lead and arsenic were detected slightly
above detection limits.

Particle size distribution data showed that the sediment within the cap
remained mostly sand (Table 3-3). Samples ranged from 92.6 to 96.9 percent sands
and gravels. These data further support the chemical results that show little or no
mixing of the clean capping sand with the under-cap sediments is occurring.

Comparing 1996 results to results from the first 6-inch sections taken from
cores during the 1992 baseline study showed some similarities and in some cases
the 1996 data showed lower results. In the first 6-inch section at C1, 9 organic
chemicals were detected at or near the detection limit in the 1992 baseline study.
At C1 in 1996, one organic chemical was detected. At C5, no organic chemicals were
detected in either the 1992 baseline or the 1996 studies. At C4, no organic
chemicals were detected in 1996, however, several were detected at elevated levels
in the 1992 baseline study. These chemicals found in 1992 were attributed to clay
lumps from the Duwamish river that were dredged along with the capping sands
(EB/DRP 1993a).
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TABLE 3-1. Core Stations: Detected Chemicals
Station Locator PS3C1 PS3C4 PS3C5
Date Sampled Augq 14, 96 Aug 14, 96 Aug 15, 96
Sample Number 19316-1 L9316-2 19316-3
% Solids 77.7 93.7 80.5
% TOC dry 0.353 0.16 ~0.297
BNA Organics (ug/kg dry weight) Qual  Value Qual __ Value| Qual Value
LPAHs
Naphthalene <MDLGC 55 | <MDLG 46 [<MDL,G 53
Acenaphthene <MDL 14 <MDL_ 12 [<MDLC 14
Acenaphthylene <MDL __ 21 <MDL 17 |<MDL,G 20
Anthracene <MDL,G 21 <MDL,G 17 [<MDL,G 20
Fluorene <MDL,G 21 <MDLG 17 {<MDL,G 20
Phenanthrene <MDLG 21 <MDL,G 17 I<MDLG 20
2-Methyinaphthalene <MDL 55 <MDL 46 |<MDL,G 53
Total LPAHs 208 172 200
HPAHs
Fluoranthene <RDL,C 22 <MDLG 17 |<MDL,G 20
Pyrene <RDL,G 3 <MDLG 17 |<MDL,G 20
Benzo(a)anthracene <MDL,G 21 <MDL,G 17 |<MDL,G 20
Chrysene <MDL_ 21 <MDL 17 <MDL,G 20
3enzo(b)fluoranthene <MDL 55 <MDL 46 ({<MDL,G 53
Benzo(k)fluoranthene <MDLG 55 '<MDLG 46 [<MDL,G 53
Renzofa)pyrene <MDL,C 25 <MDLC 29 |-MDL,C 34
ndeno(1,2,3-Cd)Pyrene <MDLGC 35 [ <MDLG 29 |<MDL,G 34
Dibenzo(a,h)anthracene <MDL 55 <MDL_ 46 (<MDL,G 53
Benzo(g,h,i)perylene <MDLG 35 | <MDLG 29 |<MDLG 34
Total HPAHs 365 293 341
Other BNA
1,4-Dichlorobenzene <MDL G 0.89 | <MDL G 0.74 [<MDL,C 0.86
Di-N-Octyl Phthalate <MDL 21 <MDL 17 {<MDL,G 20
Benzyl Butyl Phthalate <MDL 21 <MDL 17 {<MDL,G 20
Bis(2-Ethylhexyl)Phthalate 35.1 <MDL 17 |<MDL,G 20
Dibenzofuran <MDL 35 <MDL 29 |<MDL,G 34
-~ 4-Methylphenol <MDL 35 <MDL 29 [<MDL,G 34
Pheno <MDL 140 <MDL__ 120 [<MDL,G 140
Benzoic Acid <MDL__ 140 <MDL 120 {<MDL,C 140
Carbazole <MDL__ 35 <MDL 29 i<MDLGC 34
Coprostanol <MDLE 140 | <MDLE 206 IMDLG,E 140
Pesticides and PCBs (ug/kq dry weight)
4,4'-DDD <MDL 1.7 <MDL 1.4 <MDL 1.6
Endosulfan | <MDL_ 1.7 <MDL 1.4 <MDL 1.6
Aroclor 1254 <MDL 17 <MDL 14 <MDL 16 |
Aroclor 1260 <MDL 17 <MDL 14 <MDL 16 |
Total PCBs <MDL 17 <MDL 14 <MDL__ 16
Metals (mg/kqg dry welght)
Mercury <MDL 0.024 <MDL 0.02 <MDL 0.025
Aluminum L 10800 L 9380 L 9020
Arsenic <RDL 3.3 <RDL 2.9 <RDL 5.5
Benyllium <RDL 0.24 <RDL 0.22 <RDL  0.22
Cadmium <MDL__ 0.19 <MDL _0.16 <MDL_0.19
Chromium 11.9 11.8 12.9
Copper 1.5 10.6 10.5
Iron 17400 16500 18000
Load ~RDL__ 4.6 ~-RDL__ 44 ZRDL__ 4.3 |
Magnesium 3800 3700 3900
Nickel 12 11.6 1.2
Silver <MDL 0.27 <MDL _0.21 <MDL_0.25
Zinc 457 474 455
<MDL - Undetected at the method detection limit E - Estimate

<RDL - Detected below reporting detection limits
B - Biank contamination
For further information on data qualifiers see Appendix 8.

G - Low standard reference material recovery
L - High standard reference material recovery
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TABLE 4-2. Comparison to Sediment Standards
Station Locator P53C1 P53C4 P53C5
Date Sampled Aug 14, 96 Aug 14, 96 Aug 15, 96 Sediment
Sample Number L9316-1 19316-2 19316-3 Management
% Solids 77.7 93.7 80.5 Standards
T.0.C. dry in % 0.353 0.16 0.297
Organics Qual __ Vaiue Qual _ Value Qual _ Value| $QS CSL
LPAHs (mg/kg TOC)
Naphthalene <MDL,G 7.31 <MDL,G_2.09 | <MDL,G  5.38 99 170
Anthracene “<MDLG _2.79 <MDLG_0.77 1 <MDL,G 2031 220 1200
Acenaphthene <MDL  1.86 <MDL _0.55 <MDL,C__1.42 16 57
Phenanthrene <MDL, G 2.79 <MDL,GC_0.77 <MDL,G 2.03 100 480
Fluorene <MDL,C__2.79 <MDL,C 0.77 <MDL,G 2.03 23 79
Acenaphthylene <MDL _2.79 <MDL 0.77 <MDL,G 203 66 66
2-Methyinaphthalene <MDL__7.31 <MDL__2.09 <MDL,G _5.38 38 64
Total LPAHs 27.7 7.82 20.3 | 370 780
HPAHs (mg/kg TOC)
Fluoranthene <RDLG_2.93 | <MDLG_0.77 | <MDL,GC 203 | 160 1200
Pyrene <RDLG 4.12 <MDL,G 0.77 | <MDL,G _2.03 | 1000 1400
Benzo(a)anthracene <MDL,C _2.79 <MDL,G_0.77 “MDL,C  2.03 110 970
Chrysene <MDL 2.79 |. <MDL 0.77 <MDL,G 203 110 460
Total benzo fluoranthenes <MDL,C_7.31 <MDL,GC_2.09 <MDLG 5.38 | 230 450
Benzo(a)pyrene <MDL,G _4.65 <MDL,GC 1.32 <MDL,G 345 99 210
Indeno(1,2,3-Cd)Pyrene <MDL,GC __4.65 ~MDL G 1.32 <MDL,G 345 34 88
Dibenzo(a,h)anthracene <MDL _7.31 <MDL 2.09 <MDL,G _5.38 12 33
Benzo(qg,h,i)perylene <MDL,G_4.65 <MDL,GC 1.32 <MDL,G 345 31 78
Total HPAHs 41.2 11.2 292 | 960 | 5300
Other (mg/kg TOO)
1,2,4-Trichlorobenzene <MDL,G_0.12 <MDL,C_0.03 <MDL,G_0.09 | 0.81 18
1,2-Dichlorobenzene <MDL,G_0.12 <MDL,G_ 0.03 <MDL,G 0.0 2.3 2.3
7 ,4-Dichlorobenzene <MDL,G_0.12 <MDL,G  0.03 <MDL,G_ 0.09 3.1 9
Hexachlorobenzene <MDL G _0.12 <MDLG 0.03 <MDLGC_0.09 1 0.38 2.3
Diethyl Phthalate <MDL__4.65 <MDL__1.32 <MDLG 345 61 110
| Dimethyl Phthalate <MDL__1.86 <MDL _0.55 <MDL,G 142 53 53
Di-N-Butyl Phthalate <MDL 4.65 <MDL  1.32 <MDL,G 345 220 1700
Benzyl Butyl Phthalate <MDL_ 2.79 <MDL _0.77 <MDL,G_ 2.03 4.9 64
Bis(z-Ethy!hexyl)Phthalate 4.67 <MDL 0.77 <MDL,G 203 47 78
Di-N-Octyl Phthalate <MDL _2.79 <MDL_ 0.77 <MDL,G_2.02 13 4500
Dibenzofuran <MDL__4.65 <MDL 1.32 <MDL,G 345 15 58
Hexachlorobutadiene <MDL,G_4.65 <MDL,G_1.32 <MDL,G 345 3.9 6.2
N-Nitrosodiphenylamine <MDL_4.65 <MDL 1.32 <MDL,G 345 11 11
Total PCBs <MDL_2.26 | <MDL__0.64 | <MDL_1.62 | 12 [ 65
Other (ug/kg dry weight)
Phenol <MDL__ 140 <MDL_ 120 | <MDLG 140 | 420 1200
2-Methyiphenol <MDL 35 <MDL 29 | <MDL G 34 63 63
| a-Methylphenol <MDL__ 35 <MDL__ 29 | <MDL,GC 34 670 670
\ 2 4-Dimethyiphenol *+  <MDL__ 35 <MDL 29 =~ <MDLG 34 20 20
Pentachlorophenol <MDLG 35 | <MDL,C 29 <MDLGC 34 360 690
{"Benzyl Alcohol l <MDL_35 | <MDL__ 29 <MDL,GC__ 34 57 73
Benzoic Acid | <MDL__ 140 | <MDL 120 <MDL,G 140 650 650
Metals (mg/kg dry weight) )
Mercury | <MDL_0.02 | <MDL_ 0.02 | MDL 0.03 | 041 | 0.59 |
Arsenic <RDL 3.3 | <RDL_ 2.9 | <RDL 5.5 | 57 | 93 |}
| Cadmium <MDL_0.19 <MDL_0.16 <MDL_0.1% 5.1 6.7
| Chromium 11.9 11.8 12.9 | 260 270
| Copper 1.5 10.6 10.5 | 390 | 390
I Lead <RDL 4.6 <RDL 4.4 <RDL 4.3 450 530
{ Silver <MDL_ 0.27 <MDL  0.21 <MDL _ 0.25 6.1 6.1 |
[Zinc 452 47.4 455 410 960 |
* . Exceeds SQS ZRDL - Detected below quantification limits

*+ _ Exceeds CSL <MDL - Undetected at the method detection limit
Note: For further information on data qualifiers see QA Report in Appendix B
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TABLE 3-3. Core Stations: Particle Size Distribution
Station Locator P53C1 P53C4 P53C5
Date Sampled Aug 14, 96 Aug 14, 96 Aug 15,96
Sample Number L9316-1 19316-2 19316-3
% Solids 77.7 93.7 80.5
Phi Size (%) Qual Value Qual Value Qual Value
sands and Gravels
p-2.00(less than) * 0.4 0.4 1.1
p-2.00 * 0.1 0.1 0.1
p-1.00 * 0.6 1.3 1.1
p+0.00 * 3.3 5.2 5.5
p+1.00 * 35 36.8 38
p+2.00 * 46.5 48.3 46.6
p+3.00 * 5.9 4.5 3.5
p+4.00 * 0.8 0.3 0.4
Total % Sands and Gravels 92.6 96.9 96.3
Slits and Clays
p+5.00 * 1.8 0.3 <MDL 0.1
p+6.00 * <MDL 0.1 <MDL 0.1 <MDL 0.1
p+7.00 * 1.4 0.3 <MDL 0.1
p+8.00 * 2.1 2 0.5
p+9.00 * 0.7 0.3 0.1
p+10.0 * 0.3 <MDL 0.1 <MDL 0.1
p+10.0(more than) * 1.1 <MDL 0.1 3.1
Total % Silts and Clays 7.5 3.2 4.1

<RDL - Detected below quantification limits

* indicates wet weight used for this parameter

For further information on data qualifiers
see Appendix B.

<MDL - Undetected at the method detection limit
E - Estimate based on high relative percent difference in
duplicate, high relative standard deviation in triplicate,

or high or low surrogate recoveries

Pier 53-55 Capping Project



SECTION 4
SURFACE SEDIMENT CHEMISTRY

In August 1996, the monitoring team collected surface sediment samples
from the 3-foot cap and the ENR. The samples were analyzed for trace metal,
organic, and conventional parameters. This section describes the surface sampling
methods, reports the results of the surface sample analysis, and compares the
results to the state sediment standards.

METHODS

Within the remediation area, the monitoring plan defines seven surface
sampling stations (VG1 through VG7). These stations provide spatial coverage
across the cap and ENR (Figure 4-1). VG3, VG4, and VG6 were placed along the
centerline of the long axis of the rectangular-shaped ENR. VG5 was placed in the
southeast corner of the remediation area on the shallower inshore end of the 3-foot
cap. VG1, VG2, and VG7 provide sampling coverage of the 3-foot cap in deeper
water.

Sediment chemistry samples were also collected from the seven stations in
the remediation area during 1992 baseline and 1993 monitoring.

Sample Collection

In 1996, samples were collected at all on-cap surface stations from the 0- to
2-cm depth as in all previous years of study. A replicate sample was taken at VG5.
Also, samples were collected at certain stations to characterize the top 10 cm of
sediment. This is because previous studies at the Pier 53-55 cap (Hart Crowser,
1994 and EB/DRP 1995a) have shown significant differences between the results of
samples taken from the O- to 2-cm depth and the 0- to 10-cm depth. The different
results were likely caused by cleaner cap sand in the deeper 10-cm sample diluting
higher concentration of recently deposited contaminants in the top 2 cm.

To document the differences between the sample depths, 2- to 10-cm deep
samples were collected at stations VG3, VG4, and VG5. During data interpretation,
the results of these samples were. proportionally combined with the results from the
top 2 cm at these stations to reflect the chemical concentrations in the top 10-cm
biologically-active zone.

Subtidal samples were collected with a 0.1-m2 van Veen grab sampler
operated from King County's R V Liberty. Three individual grab samples' were taken
at each station. A stainless steel "cookie cutter" sampler and stainless steel
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Figure 4-1. Surface Sampling Stations

spatula were used to remove a 2-cm-deep subsample from the top of each grab
sample. The three subsamples were composited in a stainless-steel bowl. After the
2 cm subsample had been removed from the grab sample, an additional subsample
representing the 2- to 10-cm depth at the above mentioned stations were removed
using a stainless steel spoon. The 2- to 10-cm subsamples were composited in
separate stainless-steel bowls.
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The van Veen grab sampler was rinsed between each deployment and was
decontaminated before use at the next sampling station. To decontaminate the
sampler it was scrubbed with a brush and a phosphate-free detergent/water solution
followed by several rinses on board the vessel. Dedicated stainless steel bowls,
spoons, cookie cutters, and spatulas were used for each sample station. All
stainless steel equipment was cleaned prior to sampling using a phosphate-free
detergent/water solution followed by several rinses with deionized water and a final

rinse with acetone. The equipment was wrapped in aluminum foil for storage prior
to use.

Sample Analysis

The King County Environmental Laboratory analyzed the samples for trace
metals, BNAs, pesticides, PCBs, volatile compounds, total solids, and TOC.
AmTest, Inc., analyzed the samples for particle size distribution. For complete
results see Appendix C; for QA procedures see Appendix B.

RESULTS

Chemical Analysis

In all, 32 organic compounds were detected on the sediment cap and ENR. As
in 1993, the highest number of compounds and the highest concentrations were
found at VG5 in the southwest corner of the remediation area. Moving alongshore to
the north and offshore to the west, the number of compounds detected and their
concentrations consistently decreased with distance from VG5. The lowest number
of detected compounds and the lowest concentrations were found at the station
farthest offshore (VGT); the second lowest number of compounds and concentrations
were found at the station farthest north (VG4) (Figures 4-2 through 4-5).

Chemical concentrations from the 3-foot cap and ENR exceeded the SQS eight
times and the CSL three times. All three CSL exceedances occurred at VG5 where
phenol and 4-methylphenol exceeded the CSL in the primary sample and
4-methylphenol exceeded the CSL in the replicate sample (Tables 4-1 and 4-2).

Both 2-cm-deep samples and 10-cm-deep samples were collected from
stations VG3, VG4, and VG5 and their results were compared. Six parameters were
chosen for the comparison: total LPAHs, total HPAHs, mercury, BEHP,
4-methylphenol, and phenol.

At VG3 and VG4 most parameter concentrations were approximately
50 percent lower in the 10-cm sample than in the 2-cm sample. The six parameters
at VG3 averaged 44 percent lower in the 10-cm sample and at VG4 the parameters
averaged 58 percent lower in the 10-cm sample.
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The differences were smaller between the 2- and 10-cm samples at VG5 in
both the primary and replicate samples. In the primary sample, all six parameters
were lower in the 10-cm sample by an average of 30 percent. In the replicate.
sample, most parameters were higher in the 10-cm sample. However, all six

parameters in both the 2-cm and 10-cm samples were within 20 percent of each
other.

Lower concentrations were expected in the 10-cm samples because clean cap
sand would be incorporated into the deeper sample. At VG5, the differences may
have been less because this area has received more new sediment than at other
stations. Measuring stakes showed that between 1992 and 1993 over 0.5 foot
(15.5 cm) of new sediment accumulated in the area around VG5 and that another
0.2 foot (6.5 cm) accumulated between 1993 and 1996. All of the 2-cm and 10-cm
samples at VG5 were composed of this newly deposited sediment, which may
explain the homogeneity of the 2-cm and 10-cm samples.

Conventionals Analysis

Grain size analysis showed a shift in particle size on the 3-foot cap and ENR
between 1993 to 1996. In 1996, most stations showed a higher percentage of fines
ranging from 13.8 to 41.9 percent fines compared to a range of 8.4 to
18.9 percent fines found in 1993.

This overall increase in fines on the cap was expected because the cap is
mostly in a depositional area where fine particles are able to settle out. Eventually
sedimentation will make the surface of the cap more like the fine-grain native
bottom muds.

VG7 is the only station that decreased in the percentage of fines. Results
showed that fines decreased from 9.1 percent in 1993 to 6.1 percent in 1996. VGT7 is
in the south western corner of the cap adjacent to the ferry terminal, which suggests
that the grain size makeup of this station is being affected by ferry traffic. In
particular, ferries sitting at idle in the terminal berths probably cause this area to
be scoured regularly. However, measuring stakes in this area do not show that the
cap is eroding. Currents generated by the ferries in this area are probably just
enough to keep fine-grain particles from settling.

In the southeast corner of the remediation area, VG5 showed the highest
percentage of fines with 41.9 percent. VG5 is apparently located where fine material
stirred up by ferry traffic settles. This area is far enough away from ferry turbulence
that could wash away the fine sediment layer. Bottom contours also show that VG5
is at the end of an elongated valley-like depression. This would cause suspended
sediments in the ferry dock area to funnel down toward VG5. A measuring stake in
this area showed an increase in cap thickness each time the stakes were measured
since capping. Additionally, observations during monitoring revealed a layer of fine-
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grain mud a few-inches thick on top of the capping sand during sampling at VG5. It

1s likely that this area of the 3-foot cap will continually receive more sediment than
any other in the remediation area.

DISCUSSION

In general, chemical levels were lower in 1996 than the extremely high levels
of the contaminants found on the Pier 53 remediation area in 1993. The
contaminants found in high concentrations in 1993 included LPAHs, HPAHSs, and
mercury. However, several new contaminants appeared on the Pier 53 remediation
area for the first time in 1996. These contaminants included PCBs, pesticides, a
chlorinated benzene, phthalates, and phenols.

Concentrations of PAHs and mercury decreased in 1996 from 1993. All
stations showed a dramatic decrease in total LPAH concentrations and all but two
stations decreased in total HPAH concentrations. In 1993, total LPAHSs and several
individual LPAHs, total HPAHs and several individual HPAHs, and mercury all
exceeded the CSL at VG5. In addition, several individual LPAHs and HPAHs
exceeded the SQS. In 1996, chrysene was the only PAH parameter to exceed the
SQS at VG5, and mercury only exceeded the SQS. At VG1, VG2, and VG6 total
LPAHs decreased by several times. Total HPAHs decreased by over three times at

VG5 and they decreased by half at VG2 and VG6. Mercury decreased by a third at
VGb5.

The cause of the decreases are unclear but the possibilities include
sedimentation, mixing, and/or dispersion that would reduce concentrations.
Approximately 3 inches of new sediment was deposited in the VG5 area. Even if
this new sediment was moderately contaminated, the extremely high concentrations
that were seen in 1993 would have been reduced by dilution. Also, because the
concentrations were quite high compared to the surrounding areas, it is possible
that the high concentrations would disperse to reach an equilibrium with the
surrounding areas. Another possibility is that benthic invertebrates living beneath
the surface of the cap brought clean capping sand to the surface. This process,
known as bioturbation, can also dilute chemical concentrations. In addition, PAHs
can biodegrade, however, they do so slowly and it is not likely that biodegradation
contributed greatly to the reduction in PAH level. Mercury also decreased and
because mercury is not biodegradable. it is unlikely that biodegradation played a
large role in the apparent decrease in concentrations. While PAHs persist in a
marine environment, they can be redistributed or diluted by many mechanisms 1n a
dynamic marine environment.

PCBs, Pesticides, Chlorinated Benzenes, and Phthalates

In 1996, PCBs were found on the remediation area for the first time but the
levels were quite low. At the four stations where PCBs were found, the
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concentrations were near the detection limits and well below the SQS. Because

PCBs were not detected in the remediation area prior to 1996 future trends of PCBs
should continue to be monitored.

In 1996, 1,4 dichlorobenzene was found in the 2-cm primary sample at VG5
just above the detection limit. This chemical is well below the SQS and is not a
chemical of concern in this study. In 1996 the KC Environmental Laboratory
analyzed BNA extracts by selected ion monitoring to attain lower detection limits
for all chlorinated benzenes. It is possible that 1,4 dichlorobenzene was detected in
1996 because of the lower detection limits achieved by selected ion monitoring.

Pesticides were found on the remediation area for the first time in 1996.
Endosulfan and 4,4 DDD—a DDT derivative—were found at levels near the
detection limits at a few stations and at slightly higher levels (12 to 6 pghkg dry
weight) at VG5 and VG6. State sediment standards do not exist for pesticides.

Three phthalates were found on the remediation area for the. first time in
1996. Di-n-octyl phthalate was found in concentrations near the detection limit and
was therefore not a concern during this study. Benzyl butyl phthalate was also
found in concentrations near the detection limit, but still exceeded the SQS at one
station. Bis(2-ethylhexyl)phthalate. (BEHP) appeared on the remediation area in
concentrations several times higher than the detection limits at most stations.
BEHP also exceeded the SQS at VG4.

Recently BEHP has become a concern along the Seattle waterfront (Wilson
and Romberg 1996, EB/DRP unpublished data 1996). In 1996, in addition to the
Pier 53 sampling, sediment samples were taken along the waterfront in the area
between the ferry terminal and the aquarium (see Figure 1-1 in Section 1) as part of
the Seattle Waterfront Cleanup Study (EB/DRP unpublished data 1996). This
study is being sponsored by the Panel and managed by the City of Seattle. Samples
were collected just inshore of the Pier 53 remediation area in shallower water.
These samples showed high concentrations of BEHP. In most cases the levels were
many times higher than on the Pier 53 remediation area. This suggests that
redistribution of contaminants from inshore may have caused the sudden
appearance of BEHP on the remediation area. Cores from the Waterfront Cleanup
Study showed high levels of BEHP in the 0- to 2-foot sections but none in the deeper
sections, suggesting that the contamination is of a recent origin.

Phenols

4-Methylphenol and phenol were detected on the remediation area for the first
time in 1996 and were found at every station. 4-Methylphenol exceeded the CSL at
VG5 in the 2-cm-deep-primary and replicate samples and in the 10-cm-deep sample.
Phenol exceeded the. CSL at VG5 in the 2-cm sample. Tt exceeded the SQS at VG3,
VG6, the 2-cm replicate at VG5, and the 10-cm sample at VG5.
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In 1993, 4-methylphenol and phenol were not detected in the Pier 53
remediation area or to the south of the remediation area. Chemists in the KC
environmental organics lab reviewed the quality assurance procedures of both the
1993 and 1996 Pier 53 analyses and confirmed that both data sets passed QAl
review. In 1993, four out of eleven of the surface samples were diluted by a factor of
ten. It is common practice that when, as in the case of these four samples, the
sediment matrix includes high concentrations of oil or tar, the sample is diluted by a
factor specified by the chemist (e.g. two or ten). The chemists reviewed the
possibility that this process could have. diluted out 4-methylphenol and phenol
concentrations to below detection limits. It was thought that while this may have
been possible.for these four samples, other samples were diluted only by a factor of
two and some weren’t diluted at all and yet 4-methylphenol and phenol were never
detected in any sample. Because neither chemical was detected in any of the 1993
samples, dilution that would cause matrix interference and mask the presence of
these phenols was ruled out as a possibility. Detection limits were similar for both
data sets and extractions met QA criteria. Another possibility to explain the
differences between the 1993 and 1996 samples was that 4-methylphenol and
phenol contamination were introduced into the 1996 samples after sampling had
taken place. However, samples from the Denny Way sediment cap were run at the
same time and no phenols were detected in the Denny Way analyses. As a result of
this follow-up review, the chemists concluded that in 1993 4-methylphenol and
phenol were not environmental contaminants at the Pier 53 remediation area but
were present in 1996.

Three other data sets were evaluated to provide more information about the
appearance of 4-methylphenol and phenol. Samples were taken under Piers 54 and
55 in 1992 as part of the investigation of baseline environmental conditions that
existed just after placing the Pier 53 cap (EB/DRP 1993a). Analysis of these
samples did not detect either 4-methylphenol or phenol. Additionally, no other
phenols or phthalates were detected at that time.

In July 1994, samples were collected on the Pier 53 cap as part of a
Washington State. Department of Transportation (W SDOT) investigation of
contamination at the north end of the downtown Seattle ferry terminal and the
recontamination of the Pier 53 remediation area (Appendix D). The
recontamination of the remediation area in 1993 appeared to be caused by
construction activities at the ferry terminal. The samples were collected by Hart-
Crowser, Inc. and sample splits were analyzed at the King County Environmental
Laboratory. Samples taken on the cap at VG1l, VG3, VG5, and VG6 had no
detectable levels of 4-methylphenol and phenol. These data from 1994 confirm the
results of the 1993 sampling and suggest further recontamination of the
remediation area has taken place since July 1994.

Between October 1993 and October 1994 The Elliott Bay Waterfront
Recontamination Study (EB/DRP 1995b) was conducted along the central Seattle
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waterfront. As part of the study, sediment traps were deployed for the year of study
in the Pier 53-55 area. The sampling year was divided into four quarters for
reporting purposes. The first quarter was from October to December 1993, the
second quarter was from January to April 1994, the third quarter was from May to
July 1994, and the fourth quarter was from August to October 1994. Of the six
sediment trap stations that were located in the Pier 53-55 area, four of them showed
exceedances of the CSL for 4-methylphenol in the fourth quarter from August to
October 1994. At these four stations in the other three quarters, 4-methylphenol
was only detected twice at levels near the detection limit. At the remaining two
station, one exceeded the CSL for 4-methylphenol in the first quarter (October to
December 1993) and the other station exceeded the CSL for 4-methylphenol in the
third quarter (May to July 1994). Phenol was also detected in the sediment traps
but not as often as 4-methylphenol, although it did exceed the CSL in a few
instances during the study. The waterfront recontamination study reported that a
possible reason for the variability in the sediment trap samples was seasonal
fluctuations of boat and ferry traffic along the waterfront that would stir up existing
contamination which would then be captured in the sediment traps. But because
previous studies failed to show 4-methylphenol contamination, these results could
be showing a new contamination source along the waterfront.

Sediment samples collected as part of the waterfront cleanup study in the
summer of 1996, mentioned above, showed high concentrations of 4-methylphenol
under the. piers inshore of the Pier 53 remediation area. However, 4-methylphenol
was undetected in the slips between the piers. This could possibly indicate that
propeller wash from boating activities washed the chemical contamination from the
boat slips to underneath the piers where it then settled. An analysis of particle size
for the waterfront cleanup study samples does not support this scenario, however.
Fine material was randomly distributed under the piers as well as in the slips. This
suggests that the slips were not necessarily erosional and under the piers were not
necessarily depositional. Because 4-methylphenol concentrations did not correlate
to grain size it is not likely that propeller wash scoured away the
4-methylphenol concentrations in the slips and deposit them under the piers.

In addition to the seasonal trends of 4-methylphenol in the waterfront
recontamination study, the waterfront cleanup study showed strong seasonal
variations in 4-methylphenol concentrations. Because. of logistical difficulties and
other considerations, approximately half of the waterfront cleanup samples
analyzed for chemistry were collected in July and half were collected in September
1996. All of the samples collected in July showed that neither 4-methylphenol nor
phenol were detected, while all of the samples collected in September showed
moderate to high levels of both phenols. Coincidentally, samples collected from
within the slips were collected in July and samples collected from under the piers
were collected in September. This suggests the following: the phenols are not likely
existing contamination being redistributed; phenols detected along the waterfront
are shortlived in the environment; a source of phenols is ongoing and possibly
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seasonal; and once the source is found and controlled, the environmental chemical
concentrations should quickly return to pre-contamination conditions.

Studies of the degradation rates of phenols suggest that they degrade rapidly
(days) but may persist in anaerobic sediment conditions. Total degradation of
4-methylphenol in a freshwater lake was shown to occur in only 6 days. The half-life
of 4-methylphenol in marine waters was shown to be less than 4 days. In a study of
anaerobic lake sediment, degradation did not begin during the 29 weeks of the study
(Howard 1991).

Studies also found that 4-methylphenol does not adsorb to soil/sediment.
One study modeled adsorption and found that less than 1% would be sorbed to
sediments (Howard 1991). This lack of adsorption to sediment may explain why no
correlation exists between particle size and 4-methylphenol along the waterfront.
The study also found a correlation between higher adsorption rates and lower total
organic carbon. An analysis of the total organic carbon in the waterfront cleanup
study samples, however, showed no correlation between organic carbon and
concentrations of 4-methylphenol.

Howard (1991) also mentioned that the highest levels and the most frequent
detections of 4-methylphenol were in the effluent discharges from the timber
products industry. It is possible that the 4-methylphenol 1s associated with wood
products that have been cast off from the piers throughout Seattle’s history, from
wood that drifts to and accumulates along the waterfront, or from wood or wood
products used in the construction and repair of the. piers along the waterfront.
Samples taken at VG5, VG6, and VG1 contained small wood chips and wood debris.
These stations showed some of the highest levels of 4-methylphenol in the Pier 53
study.

Unfortunately during the waterfront cleanup study, no single station or group
of stations were sampled both in July and September 1996 to confirm that phenols
first appeared in the sediment at this time and that they degrade quickly along the
waterfront or that a seasonal source of phenols is the culprit. Sampling variability
and sediment transport along the waterfront remain possible reasons for the
resulting pattern of the detection of phenols during the waterfront cleanup study.
Further study and an investigation of phenol and possibly phthalate sources along
the waterfront are needed to understand the new contamination detected on the Pier

53 remediation area.
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NOTE: Unit of measure is pg/kg dry weight.

Figure 4-4. Spatial Concentrations of 4-Methylphenol
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TABLE 4-1. Surface Stations: Detected Chemicals
| Station Locator P53VG1 PS53VG2 P53VG3 P53VG4
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96
Sample Number 1L9209-1 L9209-2 19209-3 19209-4
% Solids 65.7 60.4 58.4 72.4
% TOC dry 0.752 2.2 0.985 0.775
BNAU?;Hanlcs (ug/kq dry weight) Qual _ value Qual _ value Qual  Value Qual Value
s
Naphthalene <MDLG 65 [<MDLG 71 [<MDLGC 74 |[<MDL,C 59
Acenaphthene 37.3 36.8 41.6 ) 34.5
Acenaphthylene <MDL 24 <RDL 28 <MDL 27 <MDL 22
Anthracene G 163 G 224 G 247 G 209
Fluorene G 63.6 G 68.5 G 67 G 66.7
Phenanthrene G 332 G 359 G 375 G 267
2-Methyinaphthalene <MDLG 65 [<MDLG 71 |<MDLG 74 |<MDL,G 59
Total LPAHs 749.9 858.3 905.6 772
HPAHs
Fluoranthene G 559 G 632 G 616 G 446
Pyrene G 553 G 642 G 726 G 442
Benzo(a)anthracene G 346 G 510 G 481 G 309
Chrysene 522 863 801 490
Benzo(b)fluoranthene 473 853 800 508
Benzo(k)fluoranthene G 221 G 306 G 329 G 195
Benzo(a)pyrene G 370 G 594 G SR7 G 359
Indeno(1,2,3-Cd)Pyrene G 199 G 285 G 296 G 171
Dibenzo(a,h)anthracene <MDL 65 <RDL 79 <RDL 77 <MDL 59
Benzo(g,h,i)perylene G 196 G 263 G 289 G 159
Total HPAHs 3504 5027 5002 3138
Other BNA
1,4-Dichlorobenzene <MDLG 1.1 [<MDLGCG 1.1 [<MDLG 1.2 {<MDLG 0.95
Di-N-Octyl Phthalate <MDL 24 <MDL 26 <MDL_ 27 <MDL 22
Benzyl Butyl Phthalate 41.4 <RDL 35 <RDL 41 <RDL 26
Bis(2-Ethylhexyl)Phthalate 143 263 289 372
Dibenzofuran <MDL 41 <MDL 45 <MDL 46 <MDL 37
4-Methylphenol G 440 G 556 G 574 G 291
Phenol G 306 G 402 G 481 G 405
Benzoic Acid <MDLL 170 «MDLL 180 | «MDLL 190 | <MDL L 150
Carbazole <MDL 41 <RDL 51 <RDL 57 <RDL 57
Coprostanol 400 384 <RDL 190 <MDL 150
Pesticides and PCBs (ug/kq dry welght)
4,4'-DDD <MDL 2 <MDL 2.2 <MDL 2.2 <MDL 1.8
Endosulfan | <MDL 2 <RDL 3.8 <RDL 4.3 <MDL 1.8
Aroclor 1254 <MDL 20 <MDL 22 <MDL 22 <MDL 18
Aroclor 1260 <MDL 20 <RDL 36 <RDL 26 <MDL 18
Total PCBs <MDL 20 <RDL 36 <RDL 26 <MDL 18
| Volatiles (ug/kg dry weight)
Acetone <RDLB 72 BH 99.7 BH 98.5 RDL,B,H 69
Metals (mg/kq dry weight)
Mercury <RDL 0.14 <RDL 0.16 <RDL _ 0.21 <RDL 0.087
Aluminum L 13400 L 15100 L 16100 L 12600
Arsenic <RDL 5.8 <RDL 7.6 <RDL 5.5 <RDL 5.5
Beryllium <RDL 0.18 <RDL 0.22 <RDL 0.21 <RDL  0.15
Cadmium <MDL _ 0.23 <RDL .0.33 <MDL _0.26 <MDL __ 0.21
Chromium 17.8 21.2 22.3 17.7
Copper 24.7 334 36.3 24.9
iron G 21600 G_23700 G 23600 G 22100
Lead 174 243 264 16
Magnesium__ 5510 5810 6180 4930
Nickel 17.2 171 18.5 1S8.5
Silver <MDL 0.3 <MDL 0.33 <MDL 0.34 <MDL 0.28
Zinc 63.9 73.3 78.4 63.8

€ - Estimate
G - Low standard reference material recovery
L - High standard reference material recovery

<MDL - Undetected at the method detection fimit
<RDL - Detected below reporting detection limits
B - Blank contamination

For further information on data qualifiers see Appendix B.
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Surface Sediment Chemistry

TABLE 4-1. Surface Stations: Detected Chemicals (continued)

Station Locator P53VG5 P53VG5 (Rep) P53VGé P53VG7
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96
Sample Number 19209-5 19209-11 19209-6 19209-7
% Solids 52.7 61.7 57.2 75.4
% 10C dry . 2.6 1.38 2.69 0.463
SNAL ‘(,)Ar Hanlcs (na/kg dry weight) Qual___Value| Qual Value Qual _Value| Qual Value
S
Naphthalene G 393 G 214 |<MDLG 75 |<MDL,G 57
Acenaphthene 273 134 60 <MDL 15
Acenaphthylene 111 61.4 <RDL__ 35 <MDL 21
Anthracene G_ 930 G 525 G 351 | <RDL,G 24
Fluorene G 385 G 193 G 113 {<MDLG 21
Phenanthrene G 1390 G 715 G 605 G B4.5
Z2-Methyinaphthalene ZRDLC 110 | <MDL.G 70 |<MDL,G 75 [<MDL,G 57
Total LPAHs 3592 1912 1314 279.5
HPAHs
Fiuoranthene G 2790 G 1750 G 965 G 153
Pyrene G 4420 G 2790 G 1070 G 139
Benzo(a)anthracene C_ 2200 G 1160 G 741 C 733
Chrysene 3230 1520 1100 122
Benzo(b)fluoranthene 3430 1730 1120 110
Benzo(k)fluoranthene G 1220 G 718 G 484 |<MDL,G 57
Benzo(a)pyrene C_ 2350 G_1220 G 767 | <RDLG 69
ndeno(1,2,3-Cd)Pyrene G_ 829 G 452 G 360 | <RDLG 44
Dibenzo(a h)anthracene 230 <RDL 120 <RDL 100 <MDL 57
Benzo(q,h,i)perylene C_ 6N G 303 G 323 | <RDLG 36
Total HPAHs 21390 11763 7030 860.3
Other BNA
1 4-Dichlorobenzene € 668 | <MDLG 1.1 |<MDLG 1 2 |<MDL,G 0.92
Di-N-Octy! Phthalate <RDL 32 <MDL___ 26 <MDL 28 <MDL 21
Benzyl Butyl Phthalate <RDL___38 <MDL 26 51.7 <RDL 25
| Bis(2-Ethylhexyl)Phthalate 349 259 281 56.9
Dibenzofuran 262 129 <RDL 4 <MDL 36
4-Methyiphenol G 2160 G_ 985 G423 G 106
Phenol G 1630 G 692 G 453 | <RDL,G__ 160
Benzoic Acid RDLL 270 | <mMbLL 180 | <MDLL 190 | <MDLL 150
Carbazole 207 125 <RDL_ 89 <MDL__ 36
Coprostanol 822 517 <RDL 190 <MDL 150
Pesticides and PCBs (ug/kg dry weight)
4.4.DDD <MDL__2.5 4.72 <MDL 2.3 <MDL 1.7
Endosulfan | 12 7.07 5.94 <MDL 1.7
Aroclor 1254 71.9 <RDL 36 <MDL 23 <MDL 17
Aroclor 1260 79.5 <RDL 36 <RDL 35 <MDL 17
Total PCBs | 79.5 <RDL 36 <RDL 35 <MDL 17
'Voiatles (ug/kg dry weight) |
| ’Acetone BH 168 BH 119 BN 118 RFROLBH 46
"Metals (ma/kg dry welght)
Mercury 0.467 <RDL 0.28 <RDL 0.19 <RDL  0.041
Aluminum L 15600 14200 L 14800 L 9430
Arsenic [ <RDL 12 <RDL__ 11 <RDL 8.9 | <RDL 5.3 |
Beryilium { <RDL  0.23 <RDL _ 0.23 <RDL 021 | <RDL _0.13
{ Cadmium | <RDL__0.5%9 <RDL 0.44 <RDL 028 | <MDL 0.2
{"Chromium | 30 22.9 21.3 11.¢
{ Coppert | 62.8 45.7 40.7 15.
[ron C 26400 G 25000 G 24300 G 21200
| Lead 98.9 45.5 30.9 <RDL___ 8.9
{ Magnesium 6600 5980 5930 4070
Nickel 25 204 17.2 12.8
[Silver T <RDL_ 1.2 | <RDL 0.7 ] <MDL 533 | <MDL 027
[4inc | 119 ! 94.7 | 783 | 493 |

DL - Undetected at the method detection limit
<RDL - Detected below reporting detection limits
B - Blank contamination

For further information on data qualifiers see Appendix B.

€ - Estimate
G - Low standard reference material recovery
L - High standard reference material recovery
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Surface Sediment Chemistry

TABLE 4-1. Surface Stations: Detected Chemicals (continued)
Station Locator VG3 10cm VG4 10cm VG5 10cm VG5 (Rep) 10cm
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12,96
% Solids 69.1 75.2 59.4 61.2
% TOC dry 0.466 0.366 2.56 232
Bthau;?anla (ug/kg dry weight) Qual Value Qual Value Qual  Value Qual _ Value
S
Naphthalene <MDL,G 63 <MDL,G 57 G 279 G 243
Acenaphthene 20.3 18.1 182 154
Acenaphthylene <MDL 23 <MDL 21 73.6 63.7
Anthracene G 108 G 852 G 636 G 555
Fluorene [¢ 31 G 3041 G 244 G 206
Phenanthrene G 183 G 135 G 909 G 774
2-Methyinaphthalene <MDL,G 63 <MDL,G 57 <RDLG 78 [ <MDLG 70
Total LPAHs 491 404 2400 2070
HPAHSs
Fluoranthene G 315 G 239 G 1960 G 1750
Pyrene G 356 G 232 G 4050 G 3730
Benzo(a)anthracene G 243 [¢] 172 G 1500 G 1290
Chrysene 394 273 2170 1830
Benzo(b)fiuoranthene 393 274 2370 2030
Benzo(k)fluoranthene G 167 [¢ 119 G 1030 G 933
Benzo(a)pyrene G 285 G 201 G 1700 G 1480
Indeno(1,2,3-Cd)Pyrene G 149 G 102 G 600 G 525
Dibenzo(a,h)anthracene <RDL 63 57.4 166 144
Benzo(qg,h,i)perylene [ E} G 973 G 413 G 336
Total HPAHs 2500 1770 16000 14000
Other BNA
1,4-Dichlorobenzene <MDL,G 1 <MDL, G 0.92 G 222 |[<MDLG 1.1
Di-N-Octyi Phthalate <MDL 23 <MDL 21 <RDL 27 <MDL 26
Benzyl Butyl Phthalate <MDL 26 <RDL 22 <RDL 28 <MDL 26
Bis(2-Ethylhexyl)Phthalate 133 133 324 306
Dibenzofuran <MDL 40 <MDL 36 166 139
4-Methyiphenol G 484 132 G 1250 G 1010
Phenol G 277 193 G 838 G 650
Benzoic Acid <MDLL 160 <MDL 140 <RDLL 200 | <MDLL 180
Carbazole <RDL 42 <RDL 40 137 121
Coprostanol <RDL 170 <RDL 140 532 4717
Pesticides and PCBs (ug/kg dry welght)
4,4'-DDD <MDL 1.9 <MDL 1.7 4.84 5.29
Endosulfan | <RDL 2.3 <MDL 1.7 7.83 6.85
Aroclor 1254 <MDL 19 <MDL 17 53.7 46.5
Aroclor 1260 <RDL 20 <MDL 17 65.7 57
Total PCBs <RDL 20 <MDL 17 65.7 104
Volatiles (ug/kg dry weight)
Acctone BH 733 [«RDLRH 63 R 88.8 B 79
Metals (mg/kg dry weight)
Mercury <RDL _0.092 <RDL _0.057 0.361 0.323
Aluminum 12600 L. 10700 L 14100 L 13800
Arsenic <RD 4.3 <RDL 4.3 <RDL 8.3 <RDL 8.1
Beryllium <RDL 0.16 <RDL _ 0.16 <RDL 0.21 <RDL 0.21
Cadmium <MDL _ 0.22 <MDL _ 0.21 <RDL _ 0.51 <RDL  0.48
Chromium 20 15.1 24.6 23.1
Copper 21.4 16.9 49 45.5
lron C 20600 C 19300 G 23400 G 23200
Lead 21.9 10.9 62.1 514
Magnesium 4840 4430 5700 5580
Nickel 14.3 13.7 21.1 20.2
Siiver | <MDL 0.29 <MDL  0.28 <RDL 0.8 <RDL  0.67
Zinc ! 60.2 51.7 97.2 92.3
<MDL - Undetected at the method detection limit £ - Estimate

<RDL - Detected below reporting detection limits G - Low standard reference material recovery
B - Blank contamination 1. - High standard reference material recovery
Nete: O to 2 and 2 to 10em results were proportionally combined to givelOcm results.  For further information on data qualifiers see Appendix 8.

4-16 Pier 53-55 Capping Project



Surface Sediment Chemistry

TABLE 4-2. Comparison to Sediment Standards
Station Locator P53VC1 PS3VC2 P5S3VC3 P53VC4
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96 Sediment
Sample Number 19209-1 19209-2 19209-3 192094 Management
% Solids 60.4 584 72.4 Standards
T.0.C. dry in % 2.2 0.985 0.775
Organics Value Qual  Value Qual  Valu€ Qual  Value| SQS CSL
LPAHs (mg/kg TOC)
Naphthalene 8.64 <MDL,G 3.2 <MDLG 7.5 <MDL,C 7.61 99 170
Anthracene 21.7 G 10 G 25 G 27 220 1200
Acenaphthene 4.96 1.7 4.2 4.45 16 57
Phenanthrene 44.1 G 16 G 38 G 3451 100 480
Fluorene 8.46 G 3.1 G 6.8 G 8.61 23 79
Acenaphthylene 3.19 <RDL 1.3 <MDL 2.7 <MDL 2.84| 66 66
2-Methvinaphthalene 8.64 <MDL.C 3.2 <MDL.G_ 7.5 <MDL.C_7.61 38 64
Total LPAHSs 99.7 39 92 92.5| 370 780
HPAHs (mg/kg TOC)
Fluoranthene G 743 G 29 G_ 63 G 57.5] 160 1200
Pyrene G 735 G 29 G 74 G 57 11000} 1400
Benzo(a)anthracene G 46 G 23 G 49 G 399 110 270
Chrysene 69.4 39 81 63.21 110 460
Total benzo fluoranthenes G 923 G 53 G 115 G 90.71 230 450
Benzo(a)pyrene G 49.2 G 27 G 60 G 46.3| 99 210
ndeno(1,2,3-Cd)Pyrene - G 26.5 C 13 C 30 C 221 24 88
Dibenzo(a,h)anthracene L 8.64 <RDL 3.6 <RDL 7.8 <MDL 7.61 12 33
Benzo(g,h,i)perylene G 26.1 G 12 G 29 G 20.5 31 78
Total HPAHs 466 229 508 405 | 960 5300
Other (mg/kg TOC)
1,2 ,4-Trichlorobenzene <M 0.15 <MDL,G 0.1 <MDL,G 0.1 <MDL,C 0.12} 0.81 1.8
1,2-Dichlorobenzene <M 0.15 <MDL,C 0.1 <MDL,G 0.1 <MDL,G 0.12] 2.3 2.3
1,4-Dichlorobenzene <M 0.15 <MDL,G_ 0.1 <MDL,G 0.1 <MDL,G 0.12] 3.1 9
 Hexachlorobenzene <M 0.15 <MDL,G 0.1 <MDL,G 0.1 <MDL,G 0.12] 0.38 2.3
Diethyl Phthalate 5.45 <MDL 2 <MDL 4.7 <MDL 4.77 61 110
Dimethyl Phthalate 2.26 <MDL 0.8 <MDL 1.9 <MDL 1.94| 53 53
Di-N-Butyl Phthalate 5.45 <MDL 2 <MDL 4.7 <MDL 4.77 ] 220 1700
Benzyl Butyl Phthalate 5.51 <RDL 1.6 <RDL 4.2 <RDL 3.351 4.9 64
Bis(2-Ethylhexyl)Phthalate 19 12 29 * 48 47 78
Di-N-Octyl Phthalate 3.19 <MDL 1.2 <MDL 2.7 <MDL 2.84| 58 4500
Dibenzofuran 5.45 <MDL 2 <MDL 4.7 <MDL 4.77| 15 58
Hexachlorobutadiene 5.45 <MDLG 2 <MDL,C 4.7 * <MDL,G 4.77] 3.9 6.2
N-Nitrosodiphenylamine 5.45 <MDL 2 <MDL 4.7 <MDL 4.77 11 11
Total PCBs 2.66 <RDL 1.6 <RDL 2.6 <MDL 2.32| 12 65 -
Other (ug/kq dry weight)
Phenol 306 G 402 G481 G 405 | 420 1200
2-Methyiphenol 41 <MDL,G 45 <MDL,C 46 <MDL,G 37 63 63
4-Methylphenol 440 G 556 C 874 G 29 £70 670
2,4-Dimethyiphenoi ** <MDL,G 41 * <MDLG 45 <MDL,C 46 |** <MDL,G 37 29 29
Pentachlorophenol 41 <MDLEGC 45 <MDL,EC 46 :MDL,EG 37 360 690
Benzyl Alcohol 41 <MDL,G 45 <MDL,G_ 46 <MDL,G 37 57 73
Benzoic Acid 170 <MDL,L 180 <MDL,L 190 <MDL,L 150 | 650 650
Metals (mg/kg dry weight)
Mercury 0.14 <RDL 0.2 <RDL 0.2 <RDL 0.09 ] 0.41 0.59
Arsenhic 5.8 <RDL 7.6 <RDL_ 5.5 <RDL 5.5 57 93
Cadmium 0.23 <RDL 0.3 <MDL 0.3 <MDL 0.21[ 5.1 6.7
Chromium 17.8 21 22 17.7] 260 270
Copper 24.7 33 36 2491 390 390
Lead 17.4 24 26 16 450 530
Silver 0.3 <MDL 0.3 <MDL 0.3 <MDL 0.28 | 6.1 6.1
Zinc 63.9 73 78 63.8] 410 960
* . Exceeds SQS <RDL - Detected below quantification limits
** _Exceeds CSL <MDL - Undetected at the method detection limit
Note: For further information on data qualifiers see QA Report in Appendix B
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Surface Sediment Chemistry

TABLE 4-2. Comparison to Sediment Standards (continued)

Station Locator P53VG5S ~_P53VGS5 (Rep) P53VGé P53vG7
Date Sampied Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12,96 Sediment
Sample Number 19209-5 L9209-11 L9209-6 L9209-7 Management
% Solids 52.7 61.7 57.2 754 Standards
T.0.C.dryin % 2.6 1.38 2.69 0.463

Organics Qual  Value Qual  Value Qual  Value Qual  Valuel 5QS CSL
LPAHs (mg/kq TOO)

Naphthalene G 15.1 G 16 <MDL,C 2.8 <MDL,G 1231 99 170
Anthracene G 35.8 G 38 G 13 <RDL,GC_5.181 220 1200
Acenaphthene 10.5 9.7 2.2 <MDL 3.24| 16 57
Phenanthrene G 53.5 [ G 22 G 1831 100 480
Fluorene G 14.8 G 14 G 4.2 <MDL,C 4.54[ 23 79
Acenaphthylene 4.27 4.4 <RDL 1.3 <MDL 4.54| 66 66
2-Methyinaphthalene <RDL,G 4.23 <MDL,C 5.1 <MDL G 2.8 <MDL,C 123 38 64
Total LPAHSs 138 139 49 604 370 780
HPAHs (mg/kg TOC)

Fluoranthene G 107 G 127 G 36 G _ 33 160 1200
Pyrene G 170 G 202 G 40 G 30 11000 1400
Benzo(a)anthracene G 84.6 C 84 G 28 G 158 110 270
Chrysene * 124 | * 110 141 26.3] 110 460
Total benzo fiuoranthenes G 179 G 177 G 60 G 36.1| 230 450
Benzo(a)pyrene G 90.4 C 88 G 29 <RDL,G 14.9| 99 210
Indeno(1,2,3-Cd)Pyrene G 319 G 33 G 13 <RDL.G 9.5 34 88
Dibenzo(a,h)anthracene 8.85 <RDL 8.7 <RDL 3.7 * <MDL 123§ 12 33

| Benzo(g,h,i)perylene G 26.6 G 22 G 12 <RDL,G 7.78 ] 31 78
Total HPAHs 823 852 261 186 | 960 5300
Other (mg/kg TOC)

1,2,4-Trichlorobenzene <MDL,G 0.05 <MDL,CG 0.1 <MDLG O <MDL,GC 0.2 | 0.81 1.8
1,2-Dichlorobenzene <MDL,G_0.05 <MDL,G 0.1 <MDLG 0 <MDLGC 0.2 | 23 2.3
1,4-Dichlorobenzene G 0.26 <MDL,C 0.1 <MDL,GC © <MDL,C 0.2 3.1 9
Hexachlorobenzene <MDL,G 0.05 <MDL,G 0.1 <MDL,C O <MDL,CG 0.2 | 0.38 2.3
Diethyl Phthalate <MDL 1.96 <MDL 3.2 <MDL 1.7 <MDL 7.78 61 110
Dimethyl Phthalate <MDL 0.81 <MDL 1.3 <MDL 0.7 <MDL 3.24| 53 53
Di-N-Butyl Phthalate <MDL 1.96 <MDL 3.2 <MDL 1.7 <MDL 7.78 | 220 1700

| Benzyl Butyl Phthalate <RDL _1.46 <MDL 1.9 1.9 * <RDL 54 | 4.9 64
Ris(2-Fthylhexyl)Phthalate 13.4 19 10 12.3 47 78
Di-N-Octyl Phthalate <RDL 1.23 <MDL 1.9 <MDL 1 <MDL 4.54{ 58 4500
Dibenzofuran 0.1 9.3 <RDL 2 <MDL 7.78| 15 58
Hexachlorobutadiene <MDL,G 1.96 <MDL,C 3.2 <MDLC 1.7 ]** <MDL,G 7.78] 3.9 6.2
N-Nitrosodiphenylamine <MDL 1.96 <MDL 3.2 <MDL 1.7 <MDL 7.78 [ 11 11
Total PCBs 5.82 <RDL 3.3 <RDL 1.3 <MDL 3.67] 12 65
Other (ug/kg dry weight)

Phenol * * G 1630 * C 692 * G 453 <RDL,G 160 | 420 1200
2-Methyiphenol <MDL,G 51 <MDL,GC 44 <MDL,G 47 <MDL,G "36 63 63
4-Methylphenol * * G 2160|* * C 085 C 423 C 106 670 670
2,4-Dimethyiphenol v+ <MDL,G 51 [** <MDLGC 44 [** <MDLG 47 i** <MDLG 36 29 29
Pentachloropheno! <MDL,EC 51 <MDL,EC 44 <MDL,EC 47 :MDLEGC 36 360 690
Benzyl Alcohol <MDL,G 51 <MDL,G 44 <MDL,GC 47 <MDL,G 36 57 73
Benzoic Acid <RDL,L 270 <MDL,L 180 <MDLL 190 <MDLL 150 | 650 | 650
Metals (mg/kg dry weight)

Mercury * 0.47 <RDL 0.3 <RDL 0.2 <RDL 0.04 | 0.41 0.59
Arsenic <RDL 12 <RDL 11 <RDL 8.9 <RDL 5.3 57 93
Cadmium <RDL_0.59 <RDL 0.4 <RDL 0.3 <MDL 0.2 | 5.1 6.7
Chromium 30 23 21 11.8 | 260 270
Copper. 62.8 46 41 15.8] 390 390
Lead 98.9 46 31 <RDL 8.9 | 450 530
Silver <RDL 1.2 <RDL 0.6 <MDL 0.3 <MDL 0.27] 6.1 6.1
Zinc 119 95 78 49.31 410 960
* - Exceeds SQS <RDL - Detected below quantification limits
** _Exceeds CSL <MDL - Undetected at the method detection limit

Note: For further information on data qualifiers see QA Report in Appendix B

4-18 Pier 53-55 Capping Project



Surface Sediment Chemistry

TABLE 4-2. Comparison to Sediment Standards (continued)

Station Locator VG3 10cm VG4 10cm VG5 10cm VGS (Rep) 10cm
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96 Management
% Solids 69.1 75.2 594 61.2 Standards
T.0.C. dry in % 0.466 0.366 2.56 232
Organics Qual Value Qual Value Qual Value Qual Value| SQS CSL
LPAHs (mg/kg TOC) :
Naphthalene <MDL,G 13.5 <MDL,GC 16 [GK G 10.5] 99 170
Acenaphthene 4.36 4.9 7.1 6.64 | 220 1200
Acenaphthylene <MDL 4.94 <MDL_ 5.7 2.9 275 16 57
Anthracene G 23.2 G 23 [P G 239] 100 480
Fluorene G 6.65 G 8. G 9.5 G 8.88 23 79
Phenanthrene G 393 G 37 G _ 36 G 334 66 66
2-Methyinaphthalene <MDL,C 13.5 <MDL,C 16 <RDL,C 3 <MDL,GC 3.02 38 64
Total LPAHs 108 110 94 89 370 780
HPAHs (mg/kg TOC)
Fluoranthene G _67.6 G 65 G 77 G 7541 160 1200
Pyrene G 764 G 63 G 158 G 161 { 1000 1400
Benzo(a)anthracene G 521 [R.Y [ G 55.61 110 270
Chrysene 84.5 75 85 7891 110 460
Total benzo fluoranthenes G 120 G 107 G 133 G 1281 230 450
Benzo(a)pyrene G 61.2 G 55 G 66 G 638 99 210
Indeno(1,2,3-Cd)Pyrene G 32 G 28 G 23 G 226| 34 88
Dibenzo(a,h)anthracene * <RDL 13.5] * 16 6.5 6.21 12 33
Benzo(q,h,i)peryiene G 28.1 G 27 G 16 G 1451 3N 78
Total HPAHs 536 483 623 606 | 960 5300
Other (mg/kg TOC)
1,2,4-Trichlorobenzene <MDL,G 0.22 <MDL,G_ 0.3 <MDL G 0O <MDL,G 0.05] 0.81 1.8
1,2-Dichlorébenzene <MDL,C 0.22 <MDL,CG 0.3 <MDLG 0 <MDL,G 0.05| 2.3 2.3
1,4-Dichlorobenzene <MDL,G 0.22 <MDL,G 0.3 G 0.1 <MDLG 0.05] 3.1 9
Hexachlorobenzene <MDL,G 0.22 <MDL,G 0.3 <MDL,GC O <MDL,C 0.05| 0.38 2.3
Diethyl Phthalate ~MDL_ 858 <MDL 9.9 <MDL__1.8 <MDL 1.9 61 110
Dimethyl Phthalate <MDL 3.39 <MDL 3.9 <MDL 0.7 <MDL 0.78] 53 53
Di-N-Butyl Phthalate <MDL 8.5 <MDL 9.9 <MDL 1.8 <MDL 1.9 220 1700
Benzyl Butyl Phthalate * <RDL 5541 * <RDL 6 <RDL 1.1 <MDL 1.12] 4.9 64
Bis(2-Ethylhexyl)Phthalate 28.6 36 13 13.2 47 78
Di-N-Octyl Phthalate <MDL_4.94 <MDL_ 5.8 <RDL_ 1.1 <MDL 1.12]| 58 4500
Dibenzofuran <MDL 8.5 <MDL 9.9 6.5 6.01 15 58
Hexachlorobutadiene *+ cMDLG 85 [** <MDLG 9.9 <MDL,GC 1.8 <MDL,G 1.9 3.9 6.2
N-Nitrosodiphenylamine <MDL 8.5 <MDL 9.9 <MDL 1.8 <MDL 1.9 N 1
Total PCBs <RDL 4.21 <MDL 4.7 4.7 <RDL 446 12 65
Other (ug/kg dry welght)
Phenol C 277 G 193 * G 838 * G 6501 420 1200
2-Methyiphenol <MDL,G 39.6 <MDL,G 36 <MDL,G 45 <MDL,GC 44 .| 63 63
4-Methyiphenol G 484 G 132 |** C 1248\ * * C 1013| 670 670
2,4-Dimethylphenol ** MDLGC 39.6[(** <MDLG 36 * <MDLGC 45 [** <MDLG 44 29 29
Pentachlorophenol <MDL,E,C 39.6 <MDL,EC 36 <MDLEG 45 MDLEGC 44 360 690
Benzyl Alcohol <MDL,GC 39.6 <MDL,G 36 <MDL,G 45 <MDL,G 44 57 73
Benzoic Acid <MDL,L 158 <MDL,L 142 <RDL,L 198 <MDLL 180! 650 650
Metals (mg/kg dry weight)
Mercury <RDL 0.09 <RDL 0.1 0.4 0.321 041 0.59
Arsenic <RDL 4.3 <RDL 4.3 <RDL 8.3 <RDL 8.1 57 93
Cadmium <MDL 0.22 <MDL 0.2 <RDL 0.5 <RDL 048 5.1 6.7
Chromium 20 15 25 2311 260 270
Copper 214 17 49 4551 390 390
Lead 21.9 11 62 514 ] 450 | 530
Silver <MDL 0.29 <MDL 0.3 <RDL 0.8 <RDL 0.67| 6.1 6.1
Zinc 60.2 52 97 92.3| 410 960
*_ Exceeds SQS <RDL - Detected below quantification limits
*+ _ Exceeds CSL <MDL - Undetected at the method detection limit
Note: For further information on data qualifiers see QA Report in Appendix B
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TABLE 4-3. Surface Samples: Particle Size Distribution

Station Locator P53VG1 P53VG2 P53VvG3 P53VG4
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96
Sample Number 1L9209-1 19209-2 L9209-3 L9209-4
% Solids 65.7 60.4 58.4 72.4
Phi Size (%) Qual Value Qual Value Qual Value Qual Value
Sands and Gravels
p-2.00(less than) * 0.6 0.6 1.1 0.7
p-2.00 * 0.1 <MDL 0.1 0.2 0.1
p-1.00 * 1 0.9 0.5 1.5
p+0.00 * 2.3 3.9 0.9 4.2
p+1.00 * 18.7 20.1 10.8 28.7
p+2.00 * 49.9 33.9 451 42.6
p+3.00 * 11.9 14.6 12.1 5.8
p+4.00 * 2 3.3 3.1 1.6
Total % Sands 86.5 774 73.8 85.2
Siits and Clays
p+5.00 * <MDL 0.1 3.9 7.6 3.2
p+6.00 * 2 2.8 2.8 1.9
p+7.00 * 3.9 5.2 3.6 1.7
p+8.00 * 2.4 4.7 5.3 3.3
p+9.00 * 1.4 1.8 1.9 1.5
p+10.0 * 0.7 0.8 0.8 0.7
p+10.0(more than) * 3.3 3.6 4.3 2.4
Total % Silts and Clays 13.8 22.8 26.3 14.7
<RDL - Detected below quantification limits <MDL - Undetected at the method detection limit
* indicates wet weight used for this parameter E - Estimate based on high relative percent difference in duplicate,
For further information on data qualifiers high relative standard deviation in triplicate, or high or low
see Appendix B. surrogate recoveries

TABLE 4-3. Surface Samples: Particle Size Distribution (continued)
Station Locator P53VG5 P53VGS5 (Rep) P53VGé P53VG7
Date Sampled Aug 12, 96 Aug 12, 96 Aug 12, 96 Aug 12, 96
Sample Number L9209-5 1L9209-11 1L9209-6 1L9209-7
% Solids 52.7 61.7 57.2 75.4
Phi Size (%) Qual Value Qual Value Qual Value Qual Value
Sands and Gravels
p-2.00(less than) * 0.2 0.5 0.8 0.3
p-2.00 * 0.4 0.5 <MDL 0.1 0.1
p-1.00 * 0.4 0.8 0.5 1.9
p+0.00 * 1.1 2.9 1.2 6.9
p+1.00 * 9.3 22.5 11.5 36.7
p+2.00 * 31.1 41.4 35.8 41.6
p+3.00 * 11 7.7 16.1 5.6
p+4.00 * 4.6 2.5 4.6 0.9
Total % Sands 58.1 78.8 70.6 94
Silts and Clays
p+5.00 * 4.8 1.9 6.4 1.4
p+6.00 * 5.2 2.8 3.1 <MDL 0.1
p+7.00 * 7.7 2 4.3 0.4
p+8.00 * g7 45 6.1 | 1.9
p+9.00 * 4.5 3 3.5 0.3
p+10.0 * 2.3 1.6 1.7 <MDL 0.1
p+10.0(more than) * 9.2 5.6 4.4 1.9
Total % Silts and Clays 41.9 214 29.5 6.1
<RDL - Detected below quantification limits <MDL - Undetected at the method detection fimit
* indicates wet weight used for this parameter E - Estimate based on high relative percent difference in duplicate,
For further information on data qualifiers high relative standard deviation in triplicate, or high or low
see Appendix B. surrogate recoveries
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TABLE 4-3. Surface Samples: Particle Size Distribution (continued)

Station Locator

P53VG3 (2 to 10cm)

P53VC4 (2 to 10cm)

PS3VCS (2 to 10em)

<RDL - Detected below quantification fimits

* indicates wet weight used for this parameter
For further information on data qualifiers

see Appendix B.

Date Sampled Auq 12, 96 Aug 12, 96 Aug 12, 96
Sample Number L9209-8 1L9209-9 19209-10
% Solids 71.8 75.9 61.1

Phi Size (%) Qual Value Qual Value Qual Value
Sands and Gravels

p-2.00(less than) * 0.4 0.2 0.3
p-2.00 * <MDL 0.1 <MDL 0.1 <MDL 0.1
p-1.00 * 1 1.4 0.6
p+0.00 * 2 5.7 1.7
p+1.00 * 21.1 36.5 20.2
p+2.00 * 53 44.3 36.1
p+3.00 * 103 4 9.6
p+4.00 * 1.3 0.7 3
Total % Sands 89.2 92.9 71.6
Slits and Clays

p+5.00 * 56 2.1 3.9
p+6.00 * <MDL 0.1 0.5 6.2
p+7.00 * <MDL 0.1 0.9 3.7
p+8.00 * 2.2 2.1 5
p+9.00 * 0.9 0.3 2.5
p+10.0 * 0.3 <MDL 0.1 1.2
p+10.0(more than) * 1.8 1.2 5.8
Total % Silts and Clays 1 7.2 28 3

<MDL - Undetected at the method detection limit

E - Estimate based on high relative percent

difference in duplicate, high relative standard
deviation in triplicate, or high or low surrogate recoveries
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SECTION §
BENTHIC RECOLONIZATION

In August 1996, the monitoring team collected benthic taxonomy samples
from the Pier 53 remediation area and from a reference station near Richmond
Beach. This section describes the methods used and reports the results of the
sampling. It also compares the results of the benthic taxonomy study with results
from previous taxonomic sampling of the Pier 53 remediation area.

METHODS

The monitoring plan defined four benthic taxonomy sampling stations
situated to provide spatial coverage across the remediation area (Figure 5-1). Two
stations are in the ENR (VG3 and VG4), and two stations are in the 3-foot cap area
(VG1 and VG2). All four stations are at water depths of 51 to 59 feet, in areas
where the bottom slope is less steep than it is inshore, and situated near the center
of the cap to minimize. interference from offsite benthic organisms that could skew
the test results.

In 1996, a benthic taxonomic reference station was sampled for the first time
for comparisons with the Pier 53 benthic stations. The reference station was located
just offshore of Richmond Beach. Reference stations are used to represent
background or undisturbed conditions for comparison to the stations in the areas
being studied. Also, reference stations allow a comparison to the SMS.

The reference station was chosen from several potential reference stations
that were studied as part of the Puget Sound Ambient Monitoring Programs Marine
Sediment Monitoring (Tetra Tech 1990). These potential reference stations were
analyzed for chemical and physical parameters, sediment toxicity, benthic
community, and anthropogenic alteration. If a station was deemed acceptable 1n all
of these categories it was listed as a potential reference station.

A reference station for Pier 53 was chosen from this list with the further
criteria that sediment grain size, water depth, total organic carbon content of the
sediment, and the general geographic area were similar to the Pier 53 remediation
area. Based on this, the Richmond Beach station was determined to be the most
suitable as a reference.

During sampling at Richmond Beach, a field test of the sediment at the
station was conducted to estimate percent fines to further aid in determining the
suitability of the station as a reference for the Pier 53 remediation area. The
percent fines were estimated by a wet sieving process using a 63um standard sieve.
A known amount of sediment was washed through the sieve using water from a hose.
All of the sediment that did not wash through the screen was measured and an
estimate of the percentage of the fines that did wash through the screen was made.
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Figure 5-1. Benthic Taxonomy Stations

Benthic taxonomy samples were collected using a 0.1-m2 van Veen grab
sampler operated from the RV Liberty. Five replicate samples were taken at each
station. Samples were screened onboard by Fukuyama and Hironaka Inc. When a
sample was collected and brought onboard, the sampler was set into a screening
tray. The sediment sample thickness was measured to ensure a minimum depth
penetration of 10 cm. If a sample was acceptable, it was emptied into the screening
tray where fine material was carefully washed through the 1-mm mesh screen with
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water from a hose. Each sample was screened to remove as much sediment and
debris as possible. Material retained in the screen was put into a jar and labeled
with the station name and replicate number, preserved with buffered formalin, and
transferred at least a week later from formalin to alcohol. Taxonomic analysis was
conducted by Marine Taxonomic Services.

Some. taxonomic names have changed since the last time the remediation
area was sampled in 1993. Recent studies have shown that some individual
species, which were originally identified in other parts of the world (e.g. the Atlantic
Ocean) and thought to be occur worldwide, have now been determined to be two or
more different species (Howard Jones 1997 personal communication). When
comparing 1996 data to previous studies, the new name is used and the old one 1s
noted.

Locating a suitable reference station for the Pier 53 area has proven difficult.
Studies have determined that the makeup of a benthic community i1s mostly
dependent on grain size (Tetra Tech 1990) but geographic location also plays a role.
The native bottom in the Pier 53 area is composed of mostly fine-grain muds. The
cap, however, is composed of mostly medium-grain sands. Larval recruitment onto
the cap is most likely to come first from nearby fine-grain areas surrounding the cap.
Over time, the sandy conditions on the cap would favor organisms that are suited to
sandy areas. Atthe.same time, deposition is continually making the cap grain size
finer. An environment where sand is the predominant grain size means that
currents are eroding the finer particles that would otherwise settle on the bottom.
These.currents, in addition to coarser grain size, have an effect on the type of benthic
community that would develop in the area. The Pier 53 area is unique in that it
contains coarse sediments in a depositional area where there are no strong currents
or other attributes associated with a coarse-grain area. The continual dynamics of
the shifting of grain size on the cap made it difficult to duplicate exact conditions for
a reference station.

RESULTS

Benthic community analysis showed that the recolonization process of the cap
is continuing and that the benthic community 1s changing over time. The abundance
of mollusks and crustaceans increased while the abundance of polychaetes declined.
Certain species that were dominant in previous studies are no longer dominant and
have been replaced by other species. The changes in the benthic community appear
to be linked to a shift toward finer particles in the grain-size makeup of the cap. It
also appears that chemical concentrations on the cap may be having an effect on the
benthic community.

Abundance and Diversity

A total of 13,922 individual organisms were collected from the four stations
within the Pier 53 remediation area in 1996. And a total of 217 species were
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counted. Mollusks were highest in abundance with 6,383 individuals, while
polychaetes were the most diverse with 123 species (Tables 5-1 and 5-2).

Spatially, VG4, the taxonomic station in the far northern end of the
remediation area and on the ENR, showed the greatest abundance with 4,291

TABLE 5-1. Number of Individuals per Station
Total of 5§ Replicates x 0.1 m?

‘ Remediation

Group VG1 VG2 VG3 VG4 Area Totals | Reference
Polychaete| 1169 617 1076 898 3760 327
Mollusk 1113 1361 1746 2163 6383 : 224
Crustacean 1168 442 802 1193 3605 1473
Other 57 36 44 37 174 42
Total 3507 2456 3668 4291 13922 2066

TABLE 5-2. Number of Species per Station
Total of § Replicates x 0.1 m?

Remediation
Group VG1 VG2 VG3 VG4 Area Totals | Reference
Polychaete| 80 69 70 69 123 63
Mollusk 29 24 25 27 38 36
Crustacean 29 20 23 29 41 46
Other 10 8 8 8 15 11
Total 148 121 126 133 217 156

individuals. VG1, which is farthest south and on the 3-foot cap, showed the greatest
diversity with 148 species. Both VG1 and VG4 showed increases in the number of
individuals. while VG2 and VGS3, in the middle of the remediation area, showed
decreases. Productivity differences between the ENR and the 3-foot cap were not
apparent.

The total number of species counted at all four stations remained constant
since 1993 with fluctuations occurring at individual stations. The total number of
species increased at VG1, decreased at VG2 and VG3, and remained about the same
at VG4. Polychaetes again showed the highest number of species counted at all four
stations followed by mollusks and then crustaceans. The total number of polychaete
species remained unchanged from 1993 while crustacean species increased slightly
and mollusk species decreased. The total number of species from each of the three
taxonomic groups increased at VG1 and decreased at VG2, VG3, and VG4.

The 1996 data showed that the number of polychaete ipdividuals was lower
while the numbers of mollusks and crustaceans were higher than i1n 1993.
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Polychaete individuals decreased at all stations, ranging from 47 to 86 percent.
Both mollusks and crustaceans increased at all stations, ranging from 82 to
224 percent for mollusks and from 26 to 200 percent for crustaceans. Axinopsida
serricata, a small clam, was the most abundant species at three of the four stations
and the second most abundant at the fourth station. Euphilomedes carcharodonta
an ostracod, was the most abundant species at one station and the second most
abundant at the other three stations (Tables 5-3 through 5-6). The most abundant
species from the remediation area are, in order: A serricata, E. carcharodonta,
Prionospio jubata (formerly Prionospio steenstirupt) and Parvilucina tenuisculpta.

TABLE 5-3. Dominant Species at VG1
Species 5 Rep Total % of Population Total %
Euphilomedes carcharodonta 1004 28.6 28.6
Axinopsida serricata 801 22.8 51.4
*Prionospio jubata 312 8.9 60.3
Lumbrineridae sp. Indet. 199 5.7 66
Parvilucina tenuisculpta 145 4.1 70.1
Spiochaetopterus costarum 130 3.7 73.8
Lumbrineris californiensis 54 1.5 75.3

TABLE 5-4. Dominant Species at VG2
Species 5 Rep Total % of Population Total %
Axinopsida serricata 1030 41.9 41.9
Euphilomedes carcharodonta 337 13.7 5§5.6
*Prionospio jubata 165 6.7 62.3
Parvilucina tenuisculpta 132 5.4 67.7
Lumbrineridae sp. Indet. 84 3.4 71.1
Macoma sp. Juv. 56 2.3 73.4
Macoma carlottensis 45 1.8 75.2

TABLE 5-5. Dominant Species at VG3
Species 5 Rep Total % of Population Total %
Axinopsida serricata 1372 37.4 37.4
Euphilomedes carcharodonta 631 17.2 54.6
*Prionospio jubata 281 7.7 62.3
Parvilucina tenuisculpta 218 5.9 68.2
Lumbrineridae sp. Indet. 142 3.9 721
Scoletoma luti 82 2.2 74.3
Lumbrineris californiensis 68 1.9 76.2
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TABLE 5-6. Dominant Species at VG4
Species 5 Rep Total % of Population Total %
Axinopsida serricata 1691 394 39.4
Euphilomedes carcharodonta 1021 23.8 63.2
*Prionospio jubata 277 6.5 69.7
Parvilucina tenuisculpta 276 6.4 76.1

*Formerly Prionospio steenstirupi

At the reference station, 2,066 individuals were counted. Crustaceans were
most abundant followed by polychaetes and mollusks. A total of 156 species was
counted, composed of 63 polychaete, 36 mollusk, and 46 crustacean species. In
general, the reference station showed a greater number of species and fewer
individuals than stations within the remediation area. The reference station was
numerically dominated by crustaceans, while stations in the remediation area were
generally dominated by mollusks (Table 5-7).

TABLE 5-7. Dominant Species at Reference Station
Species 5 Rep Total % of Population Total %
Euphilomedes carcharodonta 1149 57.1 57.1
Parvilucina tenuisculpta 61 3.0 60.1
Rhepoxynius abronius 52 2.6 62.7
Psephidia lordi 43 2.1 64.8
Pholoides aspera 24 1.2 66.0
*Prionospio jubata 24 1.2 67.2
Lumbrineris californiensis 21 1.0 68.3
Crangqon alaskensis 21 1.0 69.3
Nemertinea sp. Indet. 21 1.0 70.3
Eumida longicomuta 19 0.9 71.3
Macoma yoldiformis 19 0.9 72.2
Terebellidae sp. Juv. 16 0.8 73.0
Westwoodilla caecula 16 0.8 73.8
Chaetozone sp. Indet. 15 0.7 74.6
Pinnixia schmitti 14 0.7 75.3

*Formerly Prionospio steenstirupi

During the sampling of the Richmond Beach reference station, field screening
for particle size distribution showed that the sediments were approximately 6
percent fine material. This was within 10 percent of the estimated percent fines of
the. four benthic taxonomic stations from the remediation area and was deemed
acceptable for use as a reference sample. Later, laboratory analysis showed that the
Richmond Beach reference station was 5.4 percent fine material. This was within
10 percent of the top 10 cm samples from VG3 and VG4. Particle size distribution
was analyzed for only the top 2-cm sample at VG1 and VG2. The reference station
was within 10 percent of VG1 and was within 20 percent of VG2. The top 10 cm at
V(3 and VG4 showed less fines than in the top 2 cm and it is expected that the top
10 cm of VG1 and VG2 also contained less fines.
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The Richmond Beach reference station was in 60 feet of water. This is similar
to the remediation area stations that range in depth from 51 to 59 feet.

Comparing major taxa from the remediation area to the reference station
shows that all four stations in the remediation area had higher abundances of total
individuals, polychaetes, and mollusks than the reference station. The reference
station showed a higher abundance of crustaceans than any station in the
remediation area and that the reference station was higher in crustacean abundance
than one station (VG2) by more than 50 percent. This differcnce is considered to be
significant, causing VG2 to fail a comparison with the SQS for benthic infauna.

A total of 156 species was counted at the reference station, compared to a
range of 121 to 148 for the remediation area. The 63 polychaete species at the
reference station compared to a range of 69 to 80 for the remediation area. The
36 mollusk species at the reference station compared to range of 24 to 29 for the
remediation area. The 46 crustacean species at the reference station compared to a
range of 20 to 29 for the remediation area. The 20 crustacean species counted at
VG2 were different than the reference station by greater than 50 percent, indicating
possible adverse benthic effects.

Biomass

The biomass, or weight of the organisms collected, has increased steadily in
the remediation area since capping. All stations showed increases ranging from 16
percent at VG2 to 137 percent at VG1. Mollusks showed the greatest increase in
biomass since 1993 and have the highest total biomass of any taxonomic group
(Table 5-8). For all four stations, biomass was concentrated in the mollusk and
polychaete populations. Biomass increased for all stations and taxonomic groups
except for polychaete biomass at VG2, suggesting that mollusks are replacing
polychaetes in the benthic community at this station.

TABLE 5-8. Biomass Average per Station
Averag of 5 Replicates x 0.1 m”
Group VG1 VG2 VG3 VG4 | |Refererence
Polychaetes 2.31 1.26 2.56 2.44 0.654
Mollusks 2.06 2.10 1.79 2.73 2.38
Crustaceans 0.648 0.246 0.524 0.664 0.742
Misc 0.0644 0.148 0.330 0.553 7.30
Totals 5.09 3.76 5.20 6.38 *11.1

*5 99 Reference average without high misc replicate

Biomass was generally lower at the reference station than at stations in the
remediation area. Polychaete and mollusk biomass was lower at the reference
station, while crustacean biomass was slightly higher at the reference station.
Interpretation of biomass results at the reference station were complicated by large

animals in a few of the replicates.
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PSD and TOC

Particle size distribution data shows that the grain-size makeup of the
surface of the cap has become finer in the 4 1/2 years since the cap was placed.
Table 5-9 shows the range of fines at the taxonomy stations sampled during the pre-
cap study and at the four on-cap taxonomy stations sampled since the cap was
placed. The median percentage of fine material on the cap increased by over 150
percent between the 1992 baseline study and the 1993 study. The median
percentage of fine material increased again by almost 100 percent between the 1993

study and the 1996 study. For comparison, the median percentage of fine material
at taxonomy stations on the Denny Way sediment cap four years after capping had
increased just over 100 percent since the baseline sampling. Also, the range of fines
at the. Denny Way taxonomy stations four years after capping was 7.5 to 8.0 percent
compared to 13.8 to 26.3 percent at Pier 53 four years after capping. The higher rate
of deposition and greater change in the grain-size makeup on the Pier 53 cap was
probably caused by construction activities and docking and departing ferries at the
nearby ferry terminal.

TOC has decreased between the 1992 baseline study and 1996. Table 5-10
shows the range of TOC in samples collected from before the cap was placed through
1996. Median percentage of TOC at taxonomy stations was 2.86 in 1992 and
decreased to 2.35 in 1993 and decreased again to 1.47 in 1996. It is not clear why
TOC would decrease over time.

TABLE 5-9. Percent Fines Range From Pre-Cap to
' 1996 at Benthic Taxonomy Stations

Year of Study : Range

Pre-cap 1992 47.4 to 57.7
Baseline 1992 3.84 to 5.28
1993 8.40to 15.3
1996 13.8 t0 26.3

TABLE 5-10. Percent TOC Range From Pre-Cap to
' 1996 at Benthic Taxonomy Stations

Year of Study Range

Pre-cap 1992 40t05.3
Baseline 1992 0.92104.8
1993 1.2t0 3.5
1996 0.75t0 2.2
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Indices

The succession of benthic species recolonizing a sediment cap or other bottom
areas of marine environments that have been denuded of benthic infauna is similar
to the successional changes of a benthic community in response to pollution (Pearson
and Rosenberg, 1978).

Early in the recolonization process a community develops that is composed of
a few opportunistic species and very high numbers of individuals. These
opportunistic species are short-lived and small so biomass is low. As recolonization
progresses, the overall number of individuals declines as the few opportunistic
species are replaced by a greater diversity of species. Biomass increases since many
of the new species are larger and longer lived than the initial opportunistic species.
Stable and undisturbed benthic communities are characterized by greater diversity
of species, higher biomass, and lower number of individuals than during the initial
phases of recolonization (Pearson and Rosenberg, 1978).

Indices are a useful tool to chart the progress of benthic recolonization,
reducing a lot of complex data for comparison and interpretation (Valiela 1984).
Indices were calculated for the Infaunal Trophic Index (Thom et al. 1980), Swartz
dominance index, and the Shannon-Wiener diversity index (from Valiela 1984).
Results are shown in Table 5-11.

TABLE 5-11. Benthic Indices
Index VG1 VG2 VG3 VG4 Reference
ITI 64 64 64 64 68
Swartz Dominance 7 7 7 4 15
SW Diversity 3.87 3.57 3.62 3.3 3.36

The Infaunal Trophic Index (ITI) is based on the feeding or trophic types of a
benthic community. Studies have shown that in undisturbed areas, the benthic
community is predominantly filter feeding organisms. Close to a source of organic
contamination, the benthic community changes to one that is predominately
subsurface deposit feeding organisms. The ITI is calculated by grouping benthic
infauna by feeding type at a given station and assigning a higher score to filter-
feeding species and a lower score to surface and subsurface deposit-feeding species.
A higher ITI number indicates that station is more like background or undisturbed
conditions and a lower number may indicate possible adverse effects from organic
inputs (Thom et al. 1979).

- Each station in the remediation area had an ITI value of 64. The reference
station had a similar value of 68. The reference station showed slightly higher
numbers of filter-feeding organisms from the Onuphidae, and Terebellidae families
plus gammarid amphipods Rhepoxynius abronius and Ampelisca. Additionally,
remediation area stations showed higher numbers of surface-detritus-feeding
organisms from the Chaetopteridae family and the bivalve Parvilucina. Despite
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these differences, the ITI did not show great differences between the reference
station and the remediation area stations.

Swartz’s Dominance Index (SDI) is a measure of the diversity of the benthic
community at a station. The SDI is the number of species at a station that make up
75 percent of the population (Swartz et al. 1985 from Striplin 1996). The higher the
number of species that are dominant at a station means higher diversity. Typically
a site affected by pollution will be dominated by a few species.

VG1, VG2, VG3 showed SDI values of 7, while VG4 showed a value of 4. An
SDI value of less than 5 is considered to be stressed. The reference station showed
an SDI value of 15. Comparing the SDI values from the reference area to VG1, VG2,
and VG3 shows that these stations may be moderately stressed. At the reference
station, E. carcharodonta made up 55.6 percent of the population with the next
closest species comprising 3 percent. In the remediation area, E. carcharodonta and
A. serricata. together made up between 51.4 and 63.2 percent of the population.

The Shannon-Wiener diversity index 1s a measure of species diversity which
takes into account both the number of species and the proportion of the number of
individuals. This index will give a higher number for benthic communities where the
numbers of species 1s greater and the number of individuals is lower.

The results show that the reference station diversity value fell within the
range of the remediation area values. The reference station was 3.36 and the
remediation area stations ranged from 3.30 to 3.87. This index showed that the
reference station was similar to the remediation area stations.

DISCUSSION

Overall, the increase in the numbers of mollusks and crustaceans show that
the recolonization process of the cap is continuing and that the benthic community is
changing over time. The changes in the benthic community appear to be linked to
the shift toward a finer grain-size makeup. The particle-size shift was expected
because the sand cap was placed on top of the native, mostly fine-grain muds.
Eventually natural sedimentation along the Seattle waterfront will completely cover
the.cap with fine-grain muds.

The 1996 data showed that both VG2 and VG3 decreased in both the number
of individuals and the number of species when compared to 1993. Of the
remediation area stations, these two stations showed much higher percentage of
fines in the top 2 cm ranging from 26.3 to 22.8 percent, which was approximately 2
times higher than VG1 and VG4. The lower abundance and numbers of species at
VG2 and VG3 are probably due to the higher percent fines. Fine grain habitats don’t
necessarily mean that there will be less abundance and diversity. In this case,
however, the rate of change to finer particles possibly caused environmental stress
to species whose feeding strategies require unchanging substrate-c.haracteristics and
favored established species that are silt tolerant and whose feeding strategies are
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Benthic Recolonization

unaffected or enhanced by a changing substrate. The favored species are also able to
take advantage of the vacancies left by the species that were not silt tolerant.

Aphelochaeta sp. N1 (known previously as Aphelochaeta multifilis), and
Asabellides lineata were dominant in 1993, but in 1996 few were counted. At the
same time, the numbers of A serricata, E. carcharodonta, P. jubata, and P.
tenuisculpta increased and all four species have become dominant. This shift in
dominant species is probably linked to the grain-size change. Cirratulids, such as
Aphelochaeta, have been associated with coarse sediments in Puget Sound (Comisky
et al. 1984). They are sedentary worms living in the substrate and are surface
deposit feeders (Kozloff 1990). This feeding strategy probably makes Aphelochaeta
unable to adapt to the ongoing changes in the substrate. This species was not
dominant in the pre-cap samples and will not likely dominate in the future. At the
same. time Axinopsida serricata, a burrowing surface deposit feeder (Comisky et al.
1984), was not dominant in the 1992 post-cap baseline study but has been
increasing ever since capping. It was dominant in the pre-cap samples and is
expected to continue to dominate the benthic community as the remediation area
becomes more silty.

Another factor in the change in community structure was the increase in
chemical contamination. Chemical results in 1993 showed that the cap had been
recontaminated with high levels of PAHs and mercury. At that time, however, the
benthic community did not appear to show any adverse affects. It is possible that
sampling was conducted too soon after the recontamination occurred in 1993 for the
benthic community to show chronic effects. During the time between 1993 and 1996,
the high PAH concentrations have decreased but new contamination is now present.
In 1993 the ampharetid Asabellides lineata was dominant in the benthic community
and in 1996 it was completely absent. Ampharetids have been used as an indicator
species that are “sensitive or intolerant to toxic stress” (Metro 1987). Also, the
Infaunal Trophic Index identifies ampharetids as species that are common in
control regions (Thom et al. 1979). Between the grain size shift and continued
recontamination of the remediation area, ampharetids have decreased from 1,314
total individuals in 1993 to 57 in 1996.

A comparison of samples taken in 1996 to samples taken before the
remediation area was capped showed that the post-cap benthic community 1s
becoming more like the pre-cap community. In March 1992, six benthic stations
were sampled within the projected remediation area boundary immediately prior to
capping. These pre-cap stations are shown in Fig 5-2. Methods, number of
replicates per station, and taxonomic analysis were the same for the pre-cap
analysis as for all post-cap monitoring. Exact comparisons between pre-cap and
1996 results are difficult because sampling times during the year and station
locations were not the same. However, the pre-cap samples do give a good picture of
what the benthic community was like in the remediation area before capping.

Pier 53-55 Capping Project 5-11



Benthic Recolonization

Legend Pier 56

(Trident Imports)

€@ Pre-Cap Benthic Taxonomy \

Stations

Bulkhead

Pier 55

7 (Harbor Tours)

Pier 54
(Ivar's)

giaurenvnet L'—:f:“\-\- -

we
Y ———

Figure 5-2. Pre-Cap Benthic Taxonomy Stations

Axinopsida serricata was the most dominant species at all six pre-cap
stations and was the most dominant species at three of the four stations in 1996.
Other infauna that were dominant in both studies include E carcharodonta,
Prionospio jubata (formerly P. steenstirupi), Lumbrineridae, Macoma, and
Parvilucina tenuisculpta. A. serricata, P. jubata and E. carcharodonta have been
dominant in all post-cap samples except the 1992 baseline samples, which were
taken only a few months after capping. Tables 5-12 through 5-17 shows dominant
species in the pre-cap study.
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Renthic Recolonization

TABLE 5-12. Dominant Species at Precap Station S1

Species 5 Rep Total | % of Population Total %
Axinopsida serricata 517 23.91 23.91
*Prionospio jubata 374 17.30 41.21
Heteromastus filobranchus 170 7.86 49.07
Lumbrineris sp. Indet. 133 6.15 55.23
Parvilucina tenuisculpta 125 5.78 61.01
Euphilomedes carcharondonta 102 4.72 65.73
Macoma sp. Juv. 68 3.15 68.87
Nephtys comnuta 51 2.36 71.23
Notomastus tenuis 49 2.27 73.50
Exogone lourei 41 1.90 75.39

TABLE 5-13. Dominant Species at Precap Station S2

Species 5§ Rep Total | % of Population Total %
Axinopsida serricata 1090 32.47 32.47
Euphilomedes carcharondonta 365 10.87 43.34
Heteromastus filobranchus 285 8.49 51.83
*Prionospio jubata 252 7.51 59.34
Parvilucina tenuisculpta 169 5.03 64.37
Lumbrineris sp. Indet. 166 4.94 69.32
Notomastus tenuis 113 3.37 72.68
Macoma sp. Juv. 67 2.00 74.68
Nephtys cornuta 66 1.97 76.65 .

TABLE 5-14. Dominant Species at Precap Station S9

Species 5 Rep Total | % of Population Total %
Axinopsida serricata 1008 30.51 30.51
*Prionospio jubata 539 16.31 46.82
Euphilomedes carcharondonta 237 717 54.00
Heteromastus filobranchus 177 5.36 59.35
Lumbrineris sp. Indet. . 153 463 63.98
Parvilucina tenuisculpta 97 2.94 66.92
Notomastus tenuis 78 2.36 69.28
Euphilomedes producta 69 2.09 71.37
Macoma sp. Juv. 56 1.69 73.06
Polydora brachycephala 47 1.42 74.49
Nephtys comuta 45 1.36 75.85

*Formerly Prionospio steenstirupi
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Benthic Recolonization

TABLE 5-15. Dominant Species at Precap Station S11
Species 5 Rep Total | % of Population Total %
Axinopsida sermicata 1231 30.71 30.71
*Prionospio jubata 630 15.71 46.42
Euphilomedes carcharondonta 505 12.60 59.02
Lumbrineris sp. Indet. 326 8.13 67.15
Euphilomedes producta 86 2.15 69.29
Notomastus tenuis 72 1.80 71.09
Heteromastus filobranchus 69 1.72 72.81
Exogone lourei 63 1.57 74.38
Parvilucina tenuisculpta 58 1.45 75.83

TABLE 5-16. Dominant Species at Precap Station T1
Species 5 Rep Total | % of Population Total %
Axinopsida serricata 1710 34.56 34.56
*Prionospio jubata 729 14.73 49.29
Euphilomedes carcharondonta 526 10.63 59.92
Lumbrineris sp. Indet. 266 5.38 65.30
Nucula tenuis 146 2.95 68.25
Heteromastus filobranchus 134 2.71 70.96
Euphilomedes producta 95 1.92 72.88 -
Nephtys cornuta 90 1.82 74.70
Notomastus tenuis 79 1.60 76.29

TABLE 5-17. Dominant Species at

Precap Station T2

Species 5 Rep Total | % of Population Total %
Axinopsida serricata 2263 40.01 40.01
*Prionospio jubata 776 13.72 53.73
Euphilomedes carcharondonta 611 10.80 64.53
Heteromastus filobranchus 207 3.66 68.19
Lumbrineris sp. Indet. 155 2.74 70.93
Euphilomedes producta 123 217 73.11
Notomastus tenuis 106 1.87 74.98
Nephtys comuta 84 1.49 76.47

*Formerly Prionospio steenstirupi

Recruitment of benthic invertebrates from the surrounding area will tend to
make the benthic community on the cap similar to the pre-cap community. However,
the transformation of the present community to become more like the pre-cap
community is most likely because the grain-size makeup of the cap is becoming
more like the pre-cap native bottom muds.

5-14 Pier 53-55 Capping Project



Results of monitoring at Pier 53 in 1996, almost 4 1/2 years after placing the
cap and ENR, show that the 3-foot cap and ENR have been successful in achieving

SECTION 6
CONCLUSIONS

their primary purpose of isolating contaminated bottom sediments from the marine

environment.

apparent and further study will be needed.

CONCLUSIONS

Specific conclusions from the 1996 monitoring of the Pier 53 remediation area

are as follows:

The 3-foot cap and ENR are stable. They are not eroding or settling
into the native bottom muds.

Contaminants are not migrating from the underlying sediments up
into the 3-foot cap and ENR. Results of core samples show few
chemicals were detected within the 3-foot cap and ENR. When

chemicals were detected, the concentrations were low, near the

detection limits.

The surface.of the 3-foot cap and ENR have been re-contaminated
by 4-methylphenol and phenol, as indicated by chemical analyses of
2-cm-deep and 10-cm-deep surface samples. These samples showed
that the southeast corner of the remediation area exceeded state
sediment standards. The source of the new contamination was not
readily apparent and further study will be needed.

PCBs, the pesticide 4,4 DDD, chlorinated benzenes, and phthalates
all were found on the cap for the first time. At this time these
chemicals are in low concentrations, but they should be monitored
for future trends. If levels continue to increase, sources should be
investigated. ’

The 1996 data indicated that the number of polychaete individuals
were lower while the numbers of mollusks and crustaceans were
higher than in 1993. This shift in species dominance shows that the
recolonization process of the cap is continuing and that the benthic
community is changing over time. These changes in the benthic
community appear to be linked to a greater percentage of fine-grain
sediments in the remediation area. This particle-size shift was

However, the surface of the area has been re-contaminated by
4-methylphenol and phenol. The source of the new contamination was not readily
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Conclusions

expected because the sand cap was placed on top of the native,
mostly fine-grain muds. Another possible factor in the change in
community structure has been the increase in chemical
contamination. In 1993, the Ampharetid Asabellides lineata was
dominant in the benthic community, however, in 1996 it was
completely absent. Ampharetids have been used as an indicator
species that are “sensitive or intolerant to toxic stress” (Metro
1987). Additionally, a comparison of samples taken in 1996 to
samples taken in March 1992 before the remediation area was
capped showed that the post-cap benthic community is becoming
more like the pre-cap community.
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MONITORING PLAN FOR PIER 53;
SEDIMENT CAPPING SITE AND
ENHANCED NATURAL RECOVERY AREA
SEPTEMBER 1992

Project Description-Site Selection and Remediation Methods

This project site was selected as the City of Seattle’s first sediment remediation site in Elliott
Bay. Site selection was based on several factors including degree of contamination,
completion of source control efforts, and simplification of property ownership issues (refer to
unpublished draft report "Metro Toxic Sediment Remediation Project”, Parametrix, August
1991). An interagency advisory panel, including EPA and Ecology was consulted to
determine the criteria for site selection. One suggestion of the panel was that initial
remediation efforts be confined to parcels of public ownership, in order to minimize legal
disputes regarding access and responsibility. The Pier 53 site is on property owned by the
Washington State Department of Natural Resources and is at the location of a former deep
water sewer outfall. The deep water outfall has been abandoned. There is presently a
combined sewer overflow adjacent to the site which has been controlled to a maximum of
one event per year. There is also a stormwater outfall at the same location, which is at the
end of Madison Street.

Potentially contaminated areas exist adjacent to the site under piers 53, 54, and 55. These
areas are not accessible for capping by the proposed placement method and were not included
in the project scope. During the course of project monitoring, sediment samples will be
taken from adjacent properties and provided to Ecology for consideration of future
remediation action. If any recontamination of the site occurs, these adjacent properties will
be evaluated as potential material sources. At this time the migration effects of contaminated
sediments from adjacent sites onto the clean cap material are unknown; the data collected
from this site will be valuable for planning and coordinating future remediation projects
along the central waterfront. :

The project involves two different approaches to sediment remediation. The primary
approach is to place a three foot cap of clean dredged material to isolate the contaminated
sediments. This cap will be placed on the deeper portions of the project site, covering
approximately 2.9 acres. The second approach involves the experimental placement of a one
foot layer of clean dredged material on the near shore portion of the site, covering an area of
1.6 acres. This is referred to as enhanced natural recovery. This experimental remediation
action was required by Washington State DNR as a condition of project approval in order to
minimize the potential future navigational impacts of capping and also to provide some
experimental data on the feasibility of using a thinner layer of material to accomplish
remediation in shallower areas.

The intent of the three foot cap is to isolate the underlying contaminated sediments and to
provide a clean substrate for bottom dwelling and bottom feeding organisms. A three foot
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cap depth is generally considered to be sufficient to prevent burrowing organisms from
breaching the lower cap boundary and entering the underlying contaminated sediments. This
method has been used before as a remediation technique in both Commencement Bay and
Elliott Bay. The Elliott Bay project is at the Denny Way site, which was capped by METRO
in 1990. The proposed project would use clean dredged materials from the turning basin in
the Duwamish River, which was also the material source for the Denny Way site. Sediment

will be provided and placed by the US Army Corps of Engineers using split hull scows
similar to those used at the Denny Way site.

The intent of the one foot thick enhanced natural recovery area is to attempt a recovery
method that would be applicable to shallow urban areas where a thicker cap may affect
navigational uses or would be logistically difficult to place, such as under piers or adjacent to
bulkheads. There are three potential benefits to this approach. A one foot sediment
placement would minimize the loss of navigational depth. It may also allow the larger
organisms existing on the site to migrate through the sediment and to recolonize the new
material. Lastly, the placement of small amounts of clean material may help accelerate the
natural degradation of organic chemicals by the biological community.

Objectives

Environmental monitoring for the project involves both short term activities needed to
facilitate material placement and to establish baseline information, plus longer.term activities
needed to document the functional success of the remediation efforts. The strategy for long
term monitoring is to do a baseline monitoring within three months of placement, and to
repeat monitoring both one, two, and ten years after placement. One other year of

monitoring will be added, the timing of which will be decided based on the results of the
first two years of monitoring.

There are seven main objectives associated with the monitoring program as listed below. A
summary of the sampling activities and schedule are provided in Table 1 and sampling
stations are shown in

Figure 1.

OBJECTIVE 1 Provide baseline taxonomic data.

OBJECTIVE 2 Guide and document the sediment placement, thickness, and long term
stability. '

OBJECTIVE 3 Document how well the three foot cap and the enhanced natural
recovery area function to isolate contaminated sediments from
migrating upwards into the cap, and to document the extent of that
contamination if it occurs.

OBJECTIVE 4 Identify whether chemicals accumulate on the remediation site such that

they indicate migration of materials from off-site.
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OBJECTIVE 5 Determine the amount and type of benthic recolonization that occurs on
the project site and determine whether there are differences in the
character and rate of recolonization between the three foot cap and the
one foot thick enhanced natural recovery area.

OBJECTIVE 6 .Review and evaluate the monitoring data with the regulatory agencies to
determine (1) if the three foot cap is functioning as expected to isolate
contaminated sediments; (2) if a one foot layer of sediment will
function as expected such that biological mixing occurs to enhance
natural recovery; (3) whether further actions are warranted for either
the capping site or the enhanced natural recovery area.

OBJECTIVE 7 To provide data that may inform and assist the NOAA panel and other
agency teams in developing future clean up plans for Elliott Bay.

c

Cap Placement and Thickness

Bottom stakes will be used to document the placement and thickness of capping" sediments.
These will be set by divers inside the area of intended remediation in order to verify the
thickness of the placed materials. Stake locations are shown on Figure 1. Initial readings to
verify the depth of the new material will be made during the initial monitoring period. An
independent check on the thickness of the “capping" materials will also be obtained when
sediment cores are collected and processed during the post-placement monitoring discussed in
the next section.

A sediment-profile camera survey of the project area and the adjacent seafloor will be
conducted in conjunction with the benthic infaunal sampling. One objective of this survey
‘will be to map the areal distribution of capping material at the site. Surface (0-20 cm)
sediment grain-size and microstratigraphic layering will be determined from the images and
mapped. - The sediment-profile surveys, consisting of approximately 100 sampling locations,
will be conducted several times throughout the monitoring program, including years 1 and 2.
These-surveys will allow the distribution of capping material to be mapped over time. These
data will supplement the stake observations and core data, and provide a measure of cap
dispersal and erosion.

Two follow-up diver surveys of "cap" thickness will be conducted within the four years as
summarized in Table 1. These will be conducted at approximately 27 and 51 months after
the material is placed to see if there are any obvious differences in the thickness of that
material. An analysis of each years data will be included in a report and discussed during a
report review meeting and during the four year review. Decisions about when to conduct
further bathymetricor diver surveys beyond 51 months will be made in conjunction with
Ecology, DNR, EPA, and the Corps of Engineers during the four year review process.
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Isolation of Contaminants

Sediment cores will be used to determined if there is any vertical migration of chemicals up
into the clean "cap" material. A total of five coring stations will be established as shown in
Figurc 1. Three coring stations are located in the areca of the three foot cap, and two coring
stations are located in the area of the one foot experimental enhanced recovery area. These
coring stations provide spatial coverage across the project site and are intentionally located a
minimum of 50 feet away from other sampling stations so that any potential release of

contaminated sediment from the cores will not affect other surface sediment sampling
stations.

One core will be collected from each of the five stations. Each core will extend completely
through the clean remediation material and into the underlying contaminated sediments about
one foot, as shown in Figure 3. Six-inch long sections of the cores will be retained as
samples for chemical analysis. Where the three-foot cap is placed, one (1) 6-inch section
will be taken below the interface and four (4) of the 6-inch core sections will be taken from
above the interface, for a total of five sections. Where the one foot thick material is placed,
one (1) 6-inch section will be taken below the interface but only one (1) or two (2) 6-inch
sections will be taken from above the interface, depending on the actual material depth
achieved by placement. Because mixing can occur around the interface due to the physical
process of sediment placement, it is important to leave a space of at least one inch above the
interface before taking the first sample. The exact distance will be determined after
inspecting the interface of each baseline core, but will remain the same for future cores.

Sediment cores required to establish baseline data will be collected as soon as practical within
three months after cap placement. All sections of each baseline core will be analyzed for
metal and organic priority pollutants including as a minimum, those required by Washington
State Sediment Standards (ref: WAC-173-204). Future core samples will be collected
adjacent to the baseline stations to allow comparison of data. All sample sections will be
collected for each core taken after the baseline cores, but initially only the first section above
the interface will be analyzed for those chemicals found in the underlying contaminated
sediments, to determine whether any chemical migration is evident. If chemical migration
appears evident, sections further up the core will then be analyzed to determine how far
chemical migration extends into the clean “cap" material. Decisions about whether.to
analyze additional sections will be made within the storage times established under the Puget
Sound Protocols.

Additionally, if chemical contamination appears in the enhanced natural recovery area (one
foot thick sediments) two avenues of contamination will be considered. If the contamination
occurs at the top of the cap material, biological mixing from underlying sediment or
deposition of new contamination will be suspected. If the contamination occurs in the bottom
only, contamination from migration will be suspected.

Evaluation of vertical migration in the botton of the "capping"” materials will be limited to
only chemicals that were present in the underlying sediments. Data will be norma}ized to
dry weight to allow comparisons. Vertical migration from the “cap" downward will be
evaluated if there is evidence of significant chemical accumulation on the project site based
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on surface sediment samples. Also, a direct measure of cap thickness will be made and
compared to the thickness indicated by the bottom depth surveys.

Initial core sampling will be done within three months of "cap” placement. Subsequent
sampling will be done one year, four years, and ten years after the initial sampling. An
analysis of each years data will be included in a monitoring report and the results discussed
during a report review meeting and during the four year review. Decisions regarding the
possibility of an additional core sampling between the four year and ten year sampling events
will be made in conjunction with Ecology, DNR, EPA, and the Corps during the four year
review process scheduled for 1996.

urface tamination of Project Site and Adjacent Propert

To provide information requested by Ecology and EPA, surface contamination of adjacent
property will be determined by collecting and analyzing samples from six stations in 1992 as
shown on Figure 1 and 2. Four of these sample sites are located east of the project under
the piers; samples from these sites will be collected either by diver or by small grab. Two
of the stations are located south of the project site and will be collected with a Van Veen
grab sampler. A stainless steel "cookie cutter” will be used to collect the top two
centimeters of sediment from three replicate samples per station. These sub-samples will be
composited, and then analyzed for priority pollutants, metal and organic including all the
routine Ecology sediment chemical parameters. Data for all stations will be normalized to
dry weight for comparison between stations and years. Data from these six stations will be
provided to Ecology for comparison to other areas along the Seattle waterfront.

Accumulation of surface sediment contamination on the project site will be evaluated by
collecting and aralyzing samples from seven stations as shown in Figure 1. Samples will be
collected with a Van Veen grab sampler. A stainless steel "cookie cutter" will be used to
collect the top two centimeters of sediment from three replicate samples per station. These
sub-samples will be composited, and then analyzed for priority pollutants, metal and organic,
including all the routine Ecology sediment quality chemicals. Data for all stations will also
be carbon normalized for comparison to the state sediment standards.

Chemistry data will be compared to the previously collected data (baseline and 15 month) to
determine whether a change has occurred. If significant accumulation has occurred, there
will be an assessment of the chemistry data from adjacent sites (as noted above) to evaluate
whether they are a contributing source.

Initial surface sediment samples will be taken three months after placement. Subsequent
samples will be taken one year, four years, and ten years after initial sampling. An analysis
of each years data will be included in the monitoring report and discussed during a report
review meeting and during the four year review. Decisions about the need, the frequency,
and the extent of surface sediment sampling for the period between the four year and ten
year samples will be made in conjunction with Ecology, DNR, EPA, and Corps of Engineers
during the four year review process in 1996.
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Benthic Recolonization

Benthic conditions immediately prior to capping will be documented by collecting and
analyzing sediment samples from two stations in the enhanced natrual recovery area. A Van
Veen sampler will be used to collect five replicates per station and samples will be processed
according to Puget Sound protocols. Benthic taxonomy samples will be screened through a

standard 1.0 mm mesh and all organisms identified to the lowest practical taxonomic level
(preferably to species).

To evaluate recolonization of the project site, taxonomic data will be collected from two
stations on the three foot cap and two stations on the enhanced natural recovery area as
shown on Figure 1. This should provide a reasonable representation of the type of
recolonization that occurs over the entire projet site. Also, this allows a comparison between
recolonization on the three foot cap and the one foot thick enhanced natural recovery area.
The first post-placement sampling will occur in summer of 1992. A Van Veen sampler will
be used to collect five replicates per station and samples will be processed according to Puget
Sound protocols. Benthic taxonomy samples will be screened through a standard 1.0 mm
mesh and all organisms identified to the lowest practical taxonomic level (preferably to
species). Table 1 shows the schedule for benthic taxonomy sampling which will yield initial
samples at about 5 months, after cap placement. Subsequent samples will be taken one year,
four years and ten years after initial sampling. Decisions about taxonomy sampling between
the four year and ten year sampling event will be determined in conjunction with Ecology,
DNR, EPA, and the Corps of Engineers. Data will be included in a monitoring report and
then discussed during a report review meeting and during the four year review. This
recolonization analysis will involve comparing each years data to the previous data and at
the end of four years to an appropriate reference station.

As described above, a sediment-profile survey of the site will be conducted to map the near-
surface distribution of capping material at and adjacent to the site. During the first year
survey, approximately 100 images will be collected and given a "quick look" analysis to
determine the grain size, Redox Potential Discontinuity depth, depth of penetration, and
infaunal successional stage. During subsequent years surveys, up to 24 images will be
selected for a more detailed analysis of geochemical and biological parameters with a
technique known as REMOTS analysis (Rhoads and Germano, 1986; 1982). These 24
images will be selected- to include the three foot capping area, the natural recovery area, and
the areas adjacent to the project site. The REMOTS image analysis will include the mapping
of “apparent” Redox Potential Discontinuity (RPD) depths and infaunal successional stages.
These data will be used, in conjunction with the benthic infaunal data, to document the
pattern(s) of benthic recolonization and biogenic sediment reworking across the study area.
Sediment-profile surveys will be conducted at the same intervals as the benthic taxonomy
sampling.

Review and Evaluation Process

A review process will be conducted on a regular basis to evaluate the monitoring data and
determine if the cap is functioning as expected. To help facilitate this review, a monitoring
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report will be prepared that presents and analyzes the data. The monitoring report will be
produced once each year that new monitoring data is obtained. Table 2 provides an outline
of the topics to be addressed in the monitoring report.

Each monitoring report will be distributed to DNR, Ecology, EPA, the Corps of Engineers,
and other interested groups, including the NOAA panel that will direct the City of
Seattle/Metro settlement action. A meeting will be held to discuss and evaluate the report
and conclusions for each year that a report is issued. A major monitoring review will be
conducted after four years and will include discussions about monitoring needs beyond four
years. These discussions will consider whether the cap is functioning as expected and what
contingency actions might be warranted if the cap is not functioning as expected, including
whether resulting conditions at the cap surface warrant further action.
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Table 2

MONITORING REPORT OUTLINE

Section 1: Background

Provide information on when and how the sediments were placed, including amount
of sediment used.

List permits and licenses obtained and existing permit conditions.

Section 2: Placement and Thickness of Sediment Cap and Enhanced Natural Recovery Area

Provide map showing position and thickness of sediment cap and enhanced natural
recovery area as determined by barge dumping records.

Provide a corrected map of thickness of sediment cap and of enhanced natural
recovery area based on data bottom stakes and sediment cores.

Compare each subsequent survey with the previous survey and discuss whether the
sediment cap and enhanced natural recovery area appear to be remaining stable.

Section 3: Isolation of Contaminants

Chemical data from baseline cores will be presented in tables and discussed regarding
the following:

- Identify exact sampling locations on project site.

- Identify presence of chemicals in both the underlying sediments and
"capping" material.

- Compare observed chemistry to the turning basin pre-dredged data.

- Check uniformity of chemistry between core sections.

- Display profile plots of representative chemicals.

Subsequent core data will be added to the tables to allow comparisons and then
discussed regarding the foliowing:

- Identify apparent chemical increases in both the sediment cap and the
enhanced natural recovery area.

- Compare to chemicals in underlying sediments.

- Display profile plots of representative chemicals.
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- If chemical levels in the sediment cap and/or the enhanced natural recovery
area become significantly elevated, these values will be compared to
Washington State Sediment Standards.

Section 4: Surface Contamination of Project Site and Adjacent Property

Chemistry data from baseline surface grab samples will be presented in
tables and discussed regarding the following:

- Identify exact sampling location on project site and adjacent property.

- Identify chemicals present on project site and adjacent property.

- Compare surface chemistry on project site to turning basin pre-dredge data
and to new core data from project site.

- Identify spatial differences in concentrations on project site.

- Provide data from adjacent property to Ecology for comparison to other
locations on the Seattle waterfront (1992 report only).

Subsequent surface chemistry data will be added to the tables to allow comparisons
and discussed regarding the following:

- Identify chemicals that appear to increase.

- Display plots of representative chemicals showing change over time.
- Identify spatial differences and implication to possible sources.

- If chemicals show a trend of significantly increasing concentrations,

conditions on adjacent property will be evaluated as a potential source of
contaminants.

- If chemical levels in the sediment cap or in the area of enhanced natural
recovery become significantly elevated, the values will be compared to
available Puget Sound Sediment Standards.

Section 5: Benthic Recolonization

Detailed taxonomy data will be presented in tables and discussed regarding the
following:

- Identify exact sampling location on cap.

- Develop summary data regarding number of taxa and biomass.

- Display plots showing changes over time in number of taxa biomass.

- Compare the population resulting in the sediment cap and the enhanced
natural recovery area after five years to populations found in similar type
habitats as determined from previously collected data or a recent sample
from an appropriate reference area.

- Compare the recolonization on the sediment cap and on the enhanced natural
recovery area.
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Section 6: Conclusions

- Regarding stability of the three foot sediment cap and of the enhanced natural
recovery area.

- Regarding isolation of contaminants on the three foot sediment cap and on
the enhanced natural recovery area.

- Regarding contamination of surface of the three foot sediment cap and of the
enhanced natural recovery area.

- Regarding status of benthic recolonization of the three foot sediment cap and
the enhanced natural recovery area.

- Regarding recommendations for future actions.
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INTRODUCTION

This Quality Assurance (QA) review accompanies data submitted in connection with marine
sediment sampling at the Pier 53 Cap. The QA review is organized into the four sections
listed below.

General Comments
Conventionals Chemistry
Metals Chemistry
Organics Chemistry

An overview of the approach used for this QA review is detailed in the General Comments
section. Additional information specific to each analysis is included in the appropriate
analytical section. '

This QA review has been primarily conducted in accordance with guidelines established
through the Puget Sound Dredged Disposal Analysis (PSDDA) program, outlined in Puget
Sound Dredged Disposal Analysis Guidance Manual, Data Quality Evaluation for Proposed
Dredged Material Disposal Projects. Other approaches incorporated in this QA review have
been established through coliaboration between the King County Environmental Laboratory

(KC Laboratory) and the Washington State Department of Ecology (Ecology) Sediment
Management Linit



GENERAL COMMENTS

Scope of Samples Submitted

This QA review is associated with marine sediment samples collected in August, 1996 at
the Pier 53-55 Sediment Cap. The samples collected and the proposed analytical scheme
are summarized in Table 1. Except where noted in the subcontracting sections of this QA
review, all analyses have been conducted by the KC Laboratory. The data are reported

with associated data qualifiers and have undergone QA1 review, as summarized in this
narrative report.

Completeness
Completeness has been evaluated for this data submission and QA review by considering
the following criteria:

® Comparing available data with the planned project analytical scheme summarized in
Table 1.

® Compliance with storage conditions and holding times.
® Compliance with the complete set of quality control (QC) samples outlined in Table 2.

Methods
Analytical methods are noted in the applicable analytical sections of this QA review.

Target Lists
The reported target lists have been compared to the target analytes listed in Table 1- Marine

Sediment Quality Standards Chemical Criteria contained in Chapter 173-204 WAC and the
PSDDA Chemicals of Concern list.

Detection Limits
The KC Laboratory distinguishes between the Reporting Detection Limit (RDL) and the
Method Detection Limit (MDL).

® The RDL is defined as the minimum concentration of a chemical constituent that can be
reliably quantified.

® The MDL is defined as the minimum concentration of a chemical constituent that can be
detected.

Some subcontractor laboratory data is availabie with an MDL only, in accordance with the
subcontracting laboratory policies. All analytical data are reported with either a result
and/or detection limit(s).

Storage Conditions and Holding Times

Storage conditions and holding times have been evaluated using guidelines established
during the Third Annual PSDDA Review Meeting. The approach used to evaluate Total
Organic Carbon for holding time has been established between the KC Laboratory and
Ecology during previous QA1 review efforts.

Method Blanks
Method blanks have been evaluated for the presence of positive analyte results at or greater
than the MDL.

Standard Reference Material
Data have been qualified based on available standard reference material (SRM) results.
Instances of data reported without associated SRM analysis are noted in the narrative.




Matrix_Spil
Matrix spike results have been used to qualify data for both organics and metals analyses. Matrix spikes are
not required for Conventionals parameters.

Replicate Samples

Data have been qualified based on replicate results. However, not all replicate data have been used as an
indicator for data qualification. Only sets of replicate results which contain at least one result significantly
greater than the MDL have been considered for data qualification. Where an RDL is present, only replicate
data that contains at least one result greater than the RDL have been considered for data qualification. These
guidelines have been used to account for the fact that precision obtained near the MDL is not representative
of precision obtained throughout the entire analytical range.

Data Qualifiers

The data qualification system used for this data submission is presented in Table 3. These data qualifiers
address situations which require qualification, according to QAl guidance. The exact qualifiers used
generally conform to QA1 guidance. The KC Laboratory qualifiers indicating <MDL and <RDL have been
used as replacements for the 7 and U specified under QA1 guidance. Changes made to SRM data
qualification criteria have been discussed with and approved by the Sediment Management Unit of Ecology.

Uni |_Sienifi Figur
Data have been reported in accordance with laboratory policy at the time of data generation. When an RDL
and MDL are reported, data have been reported to three significant figures above the RDL, and two
significant figures equal to or below the RDL. Data with only an MDL have been reported to two
significant figures.

Data are stored in a wet weight basis on the KC Laboratory’s data base and converted to dry weight during
the reporting process. Should only one reported digit be available, rounding error can be significant. This
rounding error can occur during the conversion from wet to dry weight.

Subcontracted Analyses
Analyses which have been subcontracted, and the issues associated with these subcontracted analyses are
noted in this narrative.



CONVENTIONALS CHEMISTRY

Completeness

Conventionals data are reported for samples 89209-1 through 9209-11, and 9316-1 through
9316-3. These samples were analyzed for total solids, total organic carbon (TOC) and
particle size distribution (PSD) in association with the complete set of QC samples outlined
in Table 2.

Suhcontracted Analvses
PSD analysis was subcontracted to AmTest, Inc. in Redmond, Washington.

Methods

Total solids analysis was performed in accordance with Standard Method (SM) 2540-B. TOC analysis was
performed in accordance with SM5310-B. PSD analysis was performed in accordance with ASTM and
Puget Sound Protocols methodologies (Recommended Prolocols for Measuring Conventional Sedimeni
Variables in Puget Sound - page 9 - PSEP, 1986).

Data are reported in accordance with [aboratory policy at the time the data were
generated. A positive result and/or MDL and RDL have been reported for all conventionals
parameters analyzed by the KC Laboratory. A positive resuit and/or MDL has been reported
for subcontracted analyses. Sample results are reported in units of mg/Kg on a dry weight
basis for TOC. Sample results are reported in percent for total solids and PSD. Data are
reported to three significant figures for results greater than the RDL and two significant
figures for results equal to or less than the RDL. For results reported with less than two or
three significant figures, significant zeroes are implied.

S Conditions 1 Holdine _Ti
Sample storage conditions and holding times have been evaluated using guidelines established during the
Third Annual PSDDA Review Meeting. The criteria used to evaluate storage conditions and holding times
for conventionals analyses are listed in the table below.

Parameter Frozen Holding } Refrigerated
Time Holding Time

PSD Not Recommended 6 Months

Solids 6 Months 14 Days

TOC 6 Months 14 Days

Sample storage conditions and holding times were met for all samples in this data submission.

Method Blanks
Method blanks were analyzed in connection with TOC and total solids analyses. All method blank results

were less than the MDL.

Standard Reference Material

The SRM analyzed in association with TOC analysis is Buffalo River Sediment. All SRM recoveries were
within the 80 to 120% QC limits.



Laboratory triplicate samples were analyzed in association with all conventionals parameters. Percent
relative standard deviation (%aRSD) for laboratory triplicate results was less than the 20% QC limit for all
triplicate analyses for TOC and total solids.

The average %RSD over all grain size fractions for each of two triplicate analyses performed in association
with PSD analysis ranged from 24 to 26%. Laboratory triplicate results were reviewed to determine if a
consistent difference occurred over all grain size fractions. Variations in triplicate results appear to be
random and a function of inherent variations in samples rather than QC problems. As a result, PSD data
have not been qualified based on laboratory triplicate analysis.



METALS CHEMISTRY

Completeness

Metals data are reported for samples 9209-1 through 9209-11 and 9316-1 through 9316-3.
These samples were analyzed for mercury and other metals in association with the
complete set of QC samples outlined in Table 2.

Methods

Mercury analysis was performed in accordance with EPA Method 7471. All other metals
analyses were performed in accordance with EPA Method 3050/6010.

Target List ,

The reported target list includes all metals specified in Table 1 - Marine Sediment Quality
Standards Chemical Criteria contained in Chapter 173-204 WAC and the PSDDA Chemicals
of Concern list. Additional metals have been reported as available.

Detection Limits, Units, and Significant Figures

Data are reported in accordance with laboratory policy at the time the data were
generated. A positive resuit and/or MDL and RDL have been reported for all metals.
Sample results are reported in units of mg/Kg on a dry weight basis. Data are reported to
three significant figures for results greater than the RDL and two significant figures for resuits
equal to or less than the RDL. For results reported with less than two or three significant
figures, significant zeroes are implied.

S ve_Conditi { Holdine Ti
Sample storage conditions and holding times have been evaluated using guidelines established during the
Third Annual PSDDA Review Meeting. The criteria used to evaluate storage conditions and holding times
for metals analyses are listed in the table below.

Parameter Frozen Holding | Refrigerated

Time Holding Time
Mercury 28 Days Not Recommended
Metals 2 Years 6 Months

Sample storége conditions and holding times were met for all samples in this data submission.

Method Blank
All metals and mercury method blank results were less than the MDL.

tandard Referen rial
The SRM analyzed in association with samples included in this data submission is PACS 1 certified by the
National Research Council of Canada. This SRM does not contain silver. An SRM recovery less than
80% has not been used alone to qualify data because the digestion technique used for sample analysis is
different from the technique used during analysis to determine the SRM certified values. Only those metals
for which the SRM recovery was less than 80% and the matrix spike recovery was less than 75% have been

qualified.

An SRM recovery less than 80% and a matrix spike recovery less than 75% were reported for antimony for
each QC batch in this data submission. Associated antimony results for all samples have been qualified

with the G flag.
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Matrix_Spil
For samples 9209-1 through 9209-11, a matrix spike recovery less than 75% was reported for iron and
antimony. Associated sample results for iron and antimony have been qualified with the G flag. A matrix

spike recovery greater than 125% was reported for aluminum. Associated sampie results for aluminum have
been qualified with the L flag.

Samples 9316-1 through 9316-3 had matrix spike recoveries less than 75% reported for antimony.
Associated sample results for antimony has been qualified with the (7 flag. A matrix spike recovery greater
than 125% was reported for aluminum. Associated sample results for aluminum have been qualified with
the L flag. «

Laboratory Duplicate Samples
All metals RPD results were less than the QC limit of 20%.
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