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PIER 64/65SEDIMENT QUALITY ASSESSMENT
PORT OF SEATTLE AGREEMENT NO. P-032081
ELLIOTT BAY/SEATTLE, WASHINGTON

INTRODUCTION

Sediment contamination within urban embayments of Puget Sound has
been identified by the regulatory agencies as a primary environmental
quality concern. - Accumulations of a variety of particle-associated
contaminants within surface sediments, particularly in nearshore areas
closest to industrial development, have been observed during recent
investigations. Such chemical accumulations are often associated with
impacts to the endemic biological community inhabiting these areas.
The transport of these sediment contaminants to the main basin of
Puget Sound is also of concern.

Previous investigations within Elliott Bay reported that the
concentrations of contaminants of potential concern - notably lead and
polycyclic aromatic hydrocarbons (PAHs) — appear to be locally
elevated within the Pier 64/65 area of the central Seattle waterfront
(Figure 1; Romberg et al.,, 1984; PTI and Tetra Tech, 1988; Metro,
1988). Sediments in these areas are also suspected as residual
contaminant sources to the main basins of Elliott Bay and Puget Sound
(Curl et al., 1988). However, these prior investigations did not identify
a probable local source associated with nearshore contaminant
accumulations. Chemical accumulations in this area could be the result
of historical releases in the site vicinity and/or transport from a more
distant source.

As part of the Port of Seattle’s plan to redevelop the central waterfront
area, the State, the Port, and the City of Seattle have signed a '
memorandum of understanding to develop a short-stay marina at Pier
64/65, which the Port will manage. Although dredging does not appear
to be necessary to construct the marina project, because of the concern
associated with sediment contamination in this area, the Port's
environmental investigations related to the proposed redevelopment
included a sediment quality assessment. Hart Crowser, Inc. was
retained to conduct a review of available historical information and
existing sediment quality data, conduct limited field sampling and
chemical analysis to fill in primary data gaps, and assess the need for
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and general scope of sediment remediation at the site, given the existing
regulatory framework. The Port's environmental investigations also
include other companion studies (e.g., biological sampling), not
discussed in this report.

This report presents Hart Crowser's sediment quality assessment of the
Pier 64/65 area. The report is structured into the following sections:

» - Preliminary Review of Existing Sediment Quality Data
» Sampling and Analysis Program

» Historical Development Summary

» Sediment Transport and Deposition

» Contaminant Distribution

» Remedial Alternatives

Appendices to this report include a detailed description of field
sampling methodologies (Appendix A) and chemical analysis quality
assurance narratives and laboratory certificates pertaining to Hart
Crowser's investigations (Appendix B).

PRELIMINARY REVIEW OF EXISTING SEDIMENT QUALITY DATA

Sediment quality data collected in the immediate Pier 64/65 area are
available from a variety of sources, including the Elliott Bay Action
Team (EBAT, September 1985 sampling; PTI and Tetra Tech, 1988),
the Port of Seattle (December 1987 sampling; Doug Hotchkiss, Port of
Seattle, unpublished data), and Metro (May 1988 sampling; Metro, 1983
and August 1989 sampling; Pat Romberg, Metro, unpublished data).
The locations of the sampling points are presented on Figure 2. All
samples were obtained as two- to six-point composites within a given
location, including only the top 2 cm of sediment material, as generally
described in the Puget Sound protocols (PSEP, 1986).

The chemical determinations performed on the samples varied between

investigations. However, based on a preliminary quality assurance
review of methods and quality control data, all data generated by these
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different studies conformed with established protocols (i.e., PSEP,
1986), and are believed to be comparable.

In some cases, data on the total organic carbon (TOC) content of the
sediment were not collected. Since TOC data are necessary to
normalize many of the organic determinations (such as PAH
concentrations) for criteria comparisons, this parameter was estimated
using regressions with surrogate parameters such as total volatile solids
(TVS) and total solids (TS). The regression procedures, and the
variability associated with these statistical estimations, are discussed in
the CONTAMINANT DISTRIBUTION section below. ‘

Based on a preliminary review of the existing data and on attempts to
contour these data using a variety of computer techniques the following
general conclusions emerged:

1) High concentrations of lead have been reported at some nearshore
sampling locations (71,000 mg/kg dry weight [DW] at EBAT location
SS-09). High concentrations of both high and low molecular weight
PAHs have also been detected in nearshore sites, particularly at
EBAT location SS-08 (total LPAHs at 630 mg/kg DW and 3,200
mg/kg TOG; total HPAHs at 3,200 mg/kg DW and 12,000 mg/kg
TOC). These concentrations are well in excess of both draft
sediment quality (P2) criteria and minimum cleanup levels (MCULs)
scheduled to be proposed by the Washington State Department of
Ecology (Ecology) under the Sediment Management Standards
(WAC 173-204) and the Model Toxics Control Act (WAC 173-340);

2) The small-scale spatial variability of concentrations in the Pier 64/65
vicinity is very large, particularly within areas closest to the shoreline.
Reported concentrations of lead and PAHs within 100-foot grid
areas vary by more than 100-fold;

3) No significant pattern of concentration variations was evident in the
existing data, parﬁcularlymmmty noted
above. The concentrations of chemicals also appeared to be of a
similar range across a large nearshore area of the Seattle waterfront
(based on data reported in Romberg et al., 1984; PTI and Tetra
Tech, 1988; and Evans-Hamilton, 1987); and
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4) Although the maximum concentranons of ct emxcals such as lead and
PAHs are far in excess of the: Ecology draft P2 and MCUL cntena,
the median concentrations of these. parameters were- generally-at or
below the criteria. An exception to this: pattern is: mercury, _which is:
present at levels above the cntena throughout: the site v1c1mty““-

sampling and analysis activities were'ldennﬁed ancl_Jmplementecl to '
prov1de the data necessary to complete the: assessment of sedrment" '

included the following:

» Extensive surface composxte samples (16'-pomt composnes of:
material in the top 2 cm) were. collected. withinr 100-foot grids.

around the locations of EBAT" sample. SS-OQW (HC-SSOI), EBAT..
sample SS-08 (HC-SSO3), and’midway between: these locations.:.” -
(HC-SS02; Figure 2). As: dlscnssedabove reported sediment
contaminant concentrations have beerr hlghest at-former: EBAT: =
locations SS-08 and SS-09- (see F‘gure 1 and Appendix C).’ ’l'hese
are also the primary locations-of~ wxdely vanable sediments ~~ '.1">'-'
concentrations. The surficial: sedlment composne samplesfwere
analyzed for bulk parameters-{IS; TVS, TOC); selected metals of -
primary concern (lead, mercury, and zinc), semivolatile organic-
compounds (including PAHs by EPA Method 8270; GC/MS), and
polychlorinated blphenyls (PCBs by Method 8080 GC/ECD)

» Sediment cores were collected inrtwo. relatxvely undlsturbecl locatlons: '
approximately 100 to 150 feet. offshore to-define-the vertical'profile: *

of concentrations of key contaminants in post—development,sedxment. ‘
deposits (i.e., post-1900; approximately. 0 to:50 cm depth based om- 3
Nevissi and Schell 1977;; Carpenter et: al 1985 .Lavelle et al,,. 1986‘
and Pat Romberg, Metro, personal communication; 1990).. The: Dl
locations of the borings (HC-BUI and HC-BOZ) are depxcted on

Figure 2. Sediment collected. from-the two. coring locations: wa&* 3
sectioned into discrete depth intervals (0 to 4:cm; 4 to 8 cmy & to 14

cm; 14 to 20 cm; 20 to 30 cm; 307to: 40 cm; and: 40°to 50" ¢ -cbased B
on measurements uncorrected for compactlon) , Selected core-’;

sections were analyzed for bulk parameters (TIS; TVS, TOC), metals
(lead and zinc), semivolatile: ""gamc compoun EPA Meth' 82705
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GC/MS), and PCBs (Method 8080; GC/ECD). Core sections were
also analyzed for Lead-210 activity (determined by alpha counting of
the activity of the granddaughter product Polonium-210) to
determine sedimentation and/or mixing rates and to reconstruct the
history of contaminant deposition in the area.

» Two sediment trap bases were deployed by Battelle Marine Sciences
Laboratory for this project approximately 100 feet north of the

. northern tip of Pier 63. The purpose of the traps was to further
7 define current (versus historic) contaminant deposition and
resuspension conditions. The locations of the sediment traps -
(denoted Pier 63A and Pier 63B) are depicted on Figure 2. Trap
construction data and handling procedures are discussed.in
Appendix A. The contents of the traps were centrifuged upon
retrieval, then analyzed for bulk parameters (TS, TOC), metals
(lead, mercury, zinc and others by XRF), semivolatile organic
compounds (EPA Method 8270; GC/MS), and PCBs (Method 8080;
GC/ECD). Trap contents were also analyzed for Lead-210 activity
(determined by alpha counting of the activity of the granddaughter
product Polonium-210) to verify the dating and mixing data derived
from the sediment coring analysis described above.

Sampling and analysis procedures are described in more detail in
Appendices A and B.

HISTORICAL DEVELOPMENT SUMMARY -

General Background

Pier 64/65 is located along the northern portion of the central Seattle
waterfront. Little development occurred in this area of the waterfront
prior to the late 1880s, in part due to a high bank rising east of the
property. The Elliott Bay tideflats extended to the base of this hill
approximately one block east of Alaskan Way. The only nearby
waterfront commercial operations during this period consisted of a coal
export dock operated in the 1870s at the foot of Pike Street by the
Seattle Coal and Transportation Co. and the small Mitchell shipyard
- (1880s) halfway between Blanchard and Bell Streets. The uplands at
this time were devoted primarily to residential use.
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The real stimulus for waterfront development in the northern area was
the railroads. The Seattle Lake Shore and Eastern Railway Co.
obtained right-of-way and, in 1887, constructed tracks on pilings along
the waterfront. The Great Northern Railroad entered Seattle in 1893,
also along this waterfront corridor. These rail lines formed the basis for
Railroad Avenue, now known as Alaskan Way, and provided the
impetus for expansion of waterfront facilities. By 1893, wharfs had been
built as far north as Virginia Street. The New York Paint Factory and
Johnstone's Fish Packing Co. were located on a pier just south of
Virginia Street. '

Substantial growth and development occurred after 1900. Historic maps
from 1905 indicate that the tideland area between the railroad tracks
and the foot of the bluff had been filled, although the rail lines and
street continued to be pile-supported. The precursor to Pier 64/65 was
built between 1900 and 1905 by the United Warehouse Co. and
additional warehouse facilities lined the east side of Alaskan Way.

Some of these initially housed cement, which likely was used during
construction of the Great Northern railroad tunnel under the city
between 1902 and 1905. The concrete batch plant for this construction
was located just south of Virginia Street on Elliott Avenue.

Most of the waterfront at this time was operated by private concerns.
The advent of the Port of Seattle in 1911 and their construction of the
Pier 66 facilities in 1915 signaled a change. The agenda of the port was
to consolidate the waterfront under their authority. Meanwhile,
additional facilities related to internodal transhipment, particularly rail
and truck warehousing storage, developed east of Alaskan Way. These
structures provided additional support to the pier activities, which
included both storage and processing. The Port of Seattle purchased
Pier 64/65 in 1930.

Tidelands Filling and Regrades

According to the Seattle Engineering Division (Blanchard, 1978) the
initial waterfront fill in the Pier 64/65 area resulted from the regrading
in 1898 of First Avenue between Pine Street and Denny Way. This
leveling of First Avenue constituted the beginning of the first Denny
Hill regrade activity, which occurred between 1898 and 1911. Most of
the material from the Denny regrade and other street regrades (Pike
and Pine Streets were also substantially altered between 1903 and 1905)
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was sluiced into Elliott Bay west of the Pier 64 to Pier 70 area. A pile-
supported dispersion flume was extended sequentially out into the bay
and reached a maximum extent of 1,200 feet beyond the harbor line.
Approximately 5.5 million cubic yards were removed during the first
major regrade period. A main hydraulic pumping station was located
south of Virginia Street and adjacent to Elliott Avenue in 1907.

Subsequent completion of the Denny regrade resulted in additional
offshore spoils disposal in the same general area between 1928 and
1931. Unlike the first hydraulic disposal, the approximately 4.2 million
cubic yards was loaded on tipable barges by a conveyor belt system
along Battery Street and deposited about 800 feet west of Piers 66 and
67. The final fill placement was too high for safe navigation and
required dredging.

Newspapers in 1929 suggest that the area under the Alaskan Way street
corridor still required fill. They noted that several hundred cubic yards
of fill were sorely needed to fill the "death trap Railroad Avenue".

The final waterfront improvement correcting the Alaskan Way
(Railroad Avenue) problem occurred in 1934. Seattle city engineers
designed a precast concrete seawall for the outer edge of the street.
Fill was barged in, placed by bucket, and sluiced into place.

Pier 64/65 Development

As noted above, initial development of the Pier 64/65 location occurred
between 1900 and 1905 and was operated by the United Warehouse Co.
The pier, known as the Oriental Dock, paralleled Alaskan Way for
approximately 550 feet from Virginia Street north and extended only
130 feet west of Alaskan Way. Sanborn fire insurance maps for that
time show two general storage warehouses on the dock. Two additional
warehouses were located east of Alaskan Way and the rail lines. One
of these landside warehouses contained a cold storage facility with an
ammonia compressor system. Notations for the other indicate storage
of salt and cement. Specifics on the range of materials handled and
warehoused are not known. This area of the waterfront, however,
served primarily lumber and fishing interests, with a number of fish
processing facilities located at nearby piers. Salt and cold storage would
indicate that United Warehouse also served the fisheries industry.
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Little detail was found covering the period from 1905 until the Port
purchased the property in 1930. The original pier extended north to
the margin of Pier 66, and was presumably in existence when that
facility was constructed. Port documents, however, indicate that when
they obtained the property from the Pacific Coast Co., the portion north
of Lenora Street had been removed, and the extension and shed for
Pier 65 had been constructed. New pilings were driven to the outer
harbor line by the Port in May of 1930 for construction of Pier 64. The
final configuration of the pier consisted of one platform with two sheds -
supported by approximately 2,500 creosoted pilings. The Port
maintained an inspection and replacement program for pilings into the
1980s on a five-year inspection cycle. Although information is
incomplete, Port documents suggest that, in the latter years of use,
approximately 25 to 50 pilings were being replaced in the older pier
sections within each 5-year period.

Documents suggest that the original warehouse at Pier 64 had been
demolished to construct a new facility serving passenger and terminal
facilities for the Canadian Pacific Railroad's steamship line. The
terminal function was the primary use of this shed through its active
history. Minor leases of space occurred in the 1960s and 1970s to a
sailmaker and a heating equipment supply dealer.

Pier 65 in its early years served a variety of small storage and
commercial ventures. The principal activities appear to be associated
with fish processing and packing. These included the wholesale facilities
of Leslie Salt Co. from the 1930s to 1950s and fish wholesaling and
packing by the Newport Fish Co. (1940s and 1950s) and the New
England Fish Co. (1960s and 1970s). It appears from Port documents
that some of the wastes from the fish processing operations discharged
to the waters below the dock until 1975 when a new drain system to the
~Alaskan Way sewer line was installed. Other short lived or minor
activities at the pier included sail manufacturing, wholesale druggist
supply, and a restaurant. In the late 1940s, both the National
Construction Co. and an independent contractor are listed as tenants.

Pier 64/65 was demolished after it partially collapsed in 1987.
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As noted above, the United Warehouse Co. operated a cold storage
and warehouse facility east of Alaskan Way beginning around 1905.
The cold storage facilities operated under the Washington Cold Storage
Co. from the 1930s to at least the 1960s. The warehouse portion of this
building served as a grocery warchouse until the 1970s, when smiall
wholesale distributors located in the northern portion. The
predominant goods stored included wine, furniture, and industrial
sealants. The warehouse area, which originally housed cement and salt,
was located immediately north of Lenora and became a fish fertilizer
operation in the 1930s. After World War II until the present, this
facility has served as a warehouse distribution center for a variety of
small truck lines.

Piers 62 and 63 to the south appear to have been built around the
1920s. Up until the 1950s they served a wholesale fish processing
function and as a warehouse for the Virginia Dock and Trading Co.
They subsequently became a truckline warehousing and transfer dock
from the 1950s to the-1970s.

The Port of Seattle facility to the north has operated since 1915. It has
housed Port offices and a major cold storage facility for many years, .
although the cold storage function is no longer active and the space has
been converted. The other major activity at the Bell Street terminal
portion has been fish processing and wholesale distribution. In addition,
Leslie Salt occupied space in the 1950s. Aside from the wholesale

goods storage activities at this location, one other business deserves
mention. Between 1948 and 1958, the Commercial Ship Drydock Co.
was listed as a major tenant of Pier 66 facilities.

Details of sewage and other waste disposal from piers and surrounding

~ facilities are scant. Although onshore facilities appear to have been

connected to the Seattle sewer system beginning in the 1930s, a large
(though undetermined) portion of these wastewaters were likely
discharged directly into Elliott Bay through a number of local outfalls.
These discharges persisted through the early 1970s, when the Elliott Bay
Interceptor was constructed to convey combined (sanitary and storm)
sewer flows to the West Point Treatment Plant. No combined sewer
overflow (CSO) outfalls occur in the Pier 64/65 locality.
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Upland Soil Quality

A number of soil borings and groundwater samples have been collected
from upland areas located immediately northeast (and hydraulically
upgradient) from Pier 64/65 (Hart Crowser, unpublished property
assessments conducted for Port of Seattle). The data indicate that both
the surface fill and associated groundwater in the vicinity are relatively
free of metal and organic contaminants of general concern (e.g., lead
and total petroleum hydrocarbons). Isolated and relatively low
concentrations of petroleum hydrocarbons have been reported in some
soil and groundwater samples collected in the area, apparently due to
small spills and other related occurrences associated with underground
piping and storage tanks. However, the concentrations encountered in
these areas were well below levels reported in the nearshore sediments.
Based on these data, a local ongoing upland source of lead and PAH
contaminants to the Pier 64/65 area is not indicated. However,
stormwater discharges and CSO from adjacent commercial land uses
may represent a continuing source of these contaminants.

SEDIMENT TRANSPORT AND DEPOSITION

Sediments in the Pier 64/65 area may be derived from a variety of
sources, including seasonal runoff from the Duwamish River, shoreline
erosion from areas not protected by bulkheads (notably Magnolia Bluff
to the northwest), stormwater/CSO discharges, and Denny regrade
shoaling deposits (Curl et al.,, 1988). The immediate shoreline area has
been protected by bulkheads since 1934, limiting potential erosion.

The net surface current in the vicinity has been reported as
counterclockwise (northwesterly; Evans-Hamilton, 1987; Curl et al,,

1988). Accordingly, recent sediment deposits in the Pier 64/65 area are
likely derived predominantly from sources to the south. Based on the .
significant net currents recorded in the area (3 to 4 cm/sec; observed
during periods of relatively low discharge from the Duwamish River), it

is probable that contaminant inputs along the entire Seattle shoreline
(including the Harbor Island/Duwamish area) could contribute to
sediments in the site vicinity. This condition will be discussed in more
detail in subsequent sections of this report.
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Sediment Deposits

The predominant sediment depositional feature in the Pier 64 through
Pier 69 area is the Denny regrade shoal. In the early 1900s
approximately 10 million cubic yards of material were removed from
Denny Hill and dumped into Elliott Bay west of today's Pier 66/67.
Based on historical bathymetrical charts and recent seismic reflection
data of Elliott Bay (Loeffler et al., 1989; and personal communication
with Mark Holmes of USGS), the center of the spoil bank is located
between 600.feet and 800 feet west of Pier 66/67 with thicknesses
ranging between 20 feet to 100 feet. Sediment samples collected from
the shoal area consist of sandy gravels (core of the shoal bank) and
sandy muds (flanks).

The spoil bank probably does not extend into the former Pier 64/65
area based on recent geophysical data (Loeffler et al., 1989; and
personal communication with Mark Holmes of USGS). Subsurface
materials encountered during two geotechnical investigations in the Pier
66 area showed that sand and gravelly fill (Denny regrade material)
thicknesses decrease significantly from Pier 66 to the south (Shannon &
Wilson, 1988; AGS, Inc., 1988). For example, fill encountered near the
Port of Seattle office buildings (boring B-205) was over 30 feet thick
compared with no observance of fill in boring B-204 located at the
southern end of Pier 66.

Generally, mudline sediments south of Pier 66 are very soft, slightly
sandy silt with thicknesses ranging between 3 feet and 16 feet (Shannon
& Wilson, 1988; Loeffler, et al., 1989). In the absence of Denny
regrade fill material, the silts are typically underlain by a medium dense
sand.

Sediment Trap Deposition

The sedimentation rate within the Pier 64/65 area is a major factor
determining the susceptibility of an area to sediment contamination and
the ability of such sediments to recover over time. The sedimentation
rate in the study area was determined using both Lead-210 dating of
in-place sediments and sediment traps deployed in the same general
area. These data are discussed below, and are compared with other
published information available for Elliott Bay and Central Puget
Sound.
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As stated previously, a pair of sediment traps was deployed off the
northern corner of Pier 63 over a two-month period from May 2 to Jul
10, 1990 (see Figure 2 for locations). The openings of the sediment
collectors were positioned approximately 0.75 meter above the sediment
surface, in order to receive sediments possibly resuspended in the area,
and transported via a relatively high turbidity nepheloid layer known to
exist immediately above the bottom surface in other areas of Elliott Bay
and central Puget Sound (Baker et al., 1985; Curl et al., 1988). A
summary of trap deposition rates is presented in Table 1.

Table 1 - Sediment Trap Deposition Rates

Accumulated Dry Sediment Flux
Trap No. Percent Solids Weight in Grams in gm DW/cm®-yr
Pier 63A . 26.8 61. 0.86
Pier 63B 255 60. 0.84
Elliott Bay Mooring PS8501 (Curl et al., 1988) 0.0057
Central Puget Sound Mooring PS7 (Baker et al., 1985) 0.062

As summarized in Table 1, the measured sediment deposition rate in
the Pier 64/65 sediment traps was approximately 0.85 gm DW/cm® -yr,
and varied little between replicate collectors. This value is
approximately 100 to 200 times higher than rates reported during an
8-day sediment trap deployment during April 1985 in an open-water
area of central Elliott Bay (Mooring PS8501; Curl et al., 19838). The
Pier 64/65 sediment trap deposition rate is also approximately 10 to 15
times higher than the annual average rate observed in central Puget
Sound (Mooring PS7; Baker et al., 1985). Nevertheless, the measured
Pier 64/65 sediment trap flux is similar to observed sediment
accumulation rates in sediment cores collected throughout Puget Sound,
including Elliott Bay (Nevissi and Schell, 1977; Carpenter et al,, 1985;
Lavelle et al., 1986; Pat Romberg, Metro, personal communication).
Sediment accumulation in these basins appears to be dominated by
bedload-type transport from the shoreline areas, and may not be fully
reflected in open-water sediment traps (Baker et al.,, 1985; Curl et al,,
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1988). Sediment delivery to the main basin of Puget Sound also
appears to be relatively similar between seasons.

The origin of material accumulated within the Pier 64/65 sediment traps
can be inferred from the results of chemical analyses of the trap
contents. A summary of the trap data is presented in Table 2 (located
at the end of the text). Based on the general similarity of the trap

I\ contents with local surface sediments, and the relatively low TOC and

Lead-210 values compared with open-water depositional material

(Baker et al., 1985), resuspension of bottom sediments along the Seattle

(i// waterfront is indicated as at least a partial source of material to the

traps. Resuspension is also indicated by a consideration of deposition

rates and Lead-210 flux (see below). The proportion of "new" material

to the sediment traps, though likely important, cannot be reliably

estimated with the available data.

— .
The local area along the central Seattle waterfront which likely
contributes to sediment deposition in the Pier 64/65 area can be
estimated based on a consideration of trap deposition rates, ambient
total suspended particulate (TSP) concentrations, and current speeds.
Given an ambient average TSP concentration in the site vicinity of
approximately 2 mg/L (Curl et al.,, 1988) and a local water column
depth of 15 meters, the measured trap deposition rate (0.85 gm
DW/cm,-year) equates to an average water column TSP residence time
of up to 0.8 day. At an ambient net current velocity of 3 to 4 cm/sec,
the transport distance for suspended particulates may extend
approximately 2 kilometers (1 mi). Based on these calculations, -
sediment accumulated within the Pier 64/65 traps could have originated
from sources throughout much of the Seattle waterfront south of the
site to Harbor Island (Figure 1). The chemical quality of material

* recovered from the traps thus may not be fully representative of local
sediment or input conditions.

Accumulation in Sediment Cores

The physical displacement of sediment following initial deposition on
the sediment surface may occur as a result of sediment burial,
bioturbation, and resuspension, or combinations of these processes. A
simple burial model often utilized in assessments of sediment deposition
assumes that sediments can be represented as a simple two-layered
system, with constant and relatively rapid mixing induced by
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bioturbation in the upper layer (Robbins, 1978; Christensen, 1982). The
upper mixed layer is generally assumed to be equivalent to the
biologically active zone. Under this model, no mixing is assumed to
occur in the lower burial layer. By applying mathematical extensions of
this model to observed Lead-210 profiles in the sediment, both the
mixed depth and net sedimentation rate can be estimated.

Profiles of the total (supported) Lead-210 activity in the two sediment
cores (HC-B01 and HC-B02) are depicted on Figure 3A. A composite
total solids profile from these cores is also presented for comparative
purposes on Figure 3B. The depth intervals sampled from both cores
are not corrected on these figures for compaction, as described during
the field observations (Appendix A; observed compaction range: 10 to
30 percent). The Lead-210 data reveal a significant (P < 0.05;
regression) decline of activities with depth, consistent with the
depositional model discussed above.

Although, as discussed below a variety of different interpretations of the
Lead-210 data are possible, the Figure 3A data are nevertheless
consistent with an upper mixed layer of approximately 10 cm. Near-
surface declines in Lead-210 activity may be due to abundant barnacle
shells and other surface debris observed in the upper sediments which
would dilute the overall Lead-210 activity. Below a depth of
approximately 10 cm, the Lead-210 activity decays in a nearly
logarithmic pattern, consistent with the burial model. Assuming a
"baseline” supported Lead-210 activity in these sediments of
approximately 0.5 dpm/gm (based on Romberg et al., 1984; Carpenter
et al., 1982 and 1985; Lavelle et al., 1986; and Hart Crowser, 1989) and
following methodologies outlined in these references, the decline of
Lead-210 with depth in these cores is consistent with a net accumulation
rate of approximately 0.26 + 0.04 gm DW/cm®yr. Both cores yielded
nearly identical accumulation rates. Assuming a range of 10 to 30
percent observed core compaction, these data are equivalent to an
apparent sedimentation rate of 0.8 + 0.3 cm/yr. Similar values have
been reported elsewhere in Elliott Bay (Nevissi and Schell, 1977;
Carpenter et al.,, 1985; Lavelle et al., 1986; Pat Romberg, Metro,
personal communication). Based on these data, and assuming a burial
model, the 50 cm maximum depth of the cores corresponds to material
deposited as early as 1880.
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The average net sediment accumulation rate in the Pier 64/65 cores of
0.26 + 0.04 gm DW/cm?-yr, as derived using the Lead-210 profiles, is
approximately 30 percent of the measured deposition rate in the traps
(0.85 gm DW/cm®yr; Table 1). A similar ratio exists between
accumulated Lead-210 in the sediments (corrected for decay) and the
depositional Lead-210 flux as measured by the traps. Although these
data could reflect seasonal variations in deposition, large seasonal
variations in deposition rates have not been observed in central Puget
Sound (Baker et al., 1985).

We consider it more likely that the differences between accumulation
and deposition rates in the Pier 64/65 area reflect resuspension. Given
the observed ratios between deposition and accumulation rates, it is
likely that approximately two-thirds of the material deposited in the
traps was derived from resuspended sediment, with the remainder being
"new" material. The location of such resuspension, however, cannot be
determined, though sources throughout the central and southern Seattle
waterfront are possible.

As discussed above, a number of investigators have applied the simple
burial model or minor variants of this formulation to different areas of
Puget Sound. These areas have included the main basin of Puget
Sound and nearshore regions of Commencement Bay (Carpenter et al.,
1985; Lavelle et al., 1986; Tetra Tech, 1988; D. Norton, Ecology,
personal communication, 1989). Several of these investigators also
examined bioturbation within the upper mixed layer of Puget Sound
sediments. Their results suggest that the bioturbation-induced mixing
depth in Puget Sound ranges from roughly 5 to 40 cm below the
sediment surface, which encompasses nearly the entire Pier 64/65 coring
depth. Furthermore, the Lead-210 pattern resulting from bioturbation
(i.e., logarithmic decay) is often indistinguishable from the simple burial
model, particularly in a relatively shallow core.

Considering the similar profile characteristics, it is not possible to
differentiate between burial and bioturbation in the Pier 64/65 cores,
based solely on a consideration of Lead-210 data. However, chemical
data collected from the cores (presented later in this report) raise
questions concerning the validity of the simple burial model in this
situation. For example, the deepest core intervals sampled during this
investigation exhibited some of the highest lead and PCB
concentrations. The estimated (burial model) deposition dates of these
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deeper samples (collected at depths of 30 to 50 cm) range from
approximately 1880 to 1945. However, peak lead and PCB inputs to
Elliott Bay and Central Puget Sound appear to have occurred during
the period 1950 to 1970 (based on deep-water coring data discussed by
Romberg et al.,, 1984). Although these data certainly do not
unequivocally prove that the burial model is invalid in this situation,
there is nevertheless sufficient reason to question the simple burial
model results.

Deviations from the simple burial model discussed above are typically
associated in Puget Sound sediments with bioturbation-induced mixing
(e.g., Carpenter et al., 1985; Lavelle et al,, 1986). The degree of mixing
is represented by an empirically derived mixing coefficient. Depending
upon the mixing coefficient value and changes in source strength over
time, contaminants can be moved to greater depths within a sediment
environment where bioturbation processes occur. Although other forms
of mixing may also be important in some locations of the Pier 64/65
area (e.g., physical disturbances due to piling), the locations of the
coring samples in relatively undisturbed areas were generally selected
against this condition (see Appendix A).

Nearly all studies of sediment displacement, including those conducted
in Puget Sound, have addressed bioturbation as approximating a
Gaussian diffusion process occurring throughout the biologically active
zone (Robbins, 1978; Peng et al., 1979; Carpenter et al., 1982 and 1985;
Christensen, 1982; O'Connor et al., 1983; Lavelle et al.,, 1985). The
validity of the Gaussian model has been substantiated by a
consideration of benthic infaunal distribution and behavioral patterns.
The model has also been successfully applied in a number of locations
where the net sedimentation rate is low enough to permit a specific
evaluation of the bioturbation process. The Gaussian bioturbation
~model is also felt to apply in areas characterized by a zero net
sedimentation rate, but nevertheless subject to sediment transfer
through the activities of deposit feeding benthos.

The activity of Lead-210 can be used as a marker of mixing processes
which have occurred over a time span comparable to the half life of the
radioisotope. The activity of Lead-210 in bioturbated sediments is
represented by the one-dimensional advection-diffusion equation:
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where c is the Lead-210 activity, z in dpm/cm’ is the depth below the
sediment-water interface, t in cm is the time, v in years is the
sedimentation rate in cm/year, D is the mixing coefficient in cm’/year
(i.e., the bioturbation eddy diffusion coefficient), and A is the radioactive
decay constant for Lead-210. Steady-state solutions to the advective-
diffusion equation can be applied to Lead-210 data to estimate the
mixing coefficient.

Generally, the rate of biological mixing is estimated by comparing the
vertical Lead-210 gradient observed within the biologically active zone
with the gradient below this zone. The gradient below the biologically
active zone is reflective only of the net sediment deposition or burial
rate, while the gradient within this zone includes both the mixing and
burial components. In the Pier 64/65 study area, however, Lead-210
activity gradients within and below the biologically active zone in the
shallow sediment cores cannot be distinguished. Accordingly, an
assessment of bioturbation rates in this case, derived entirely from an
evaluation of surficial (0 to 50 cm) activity profiles, must assume a
sediment accumulation rate.

S

For the purposes of this evaluation, the assumed deposition rate was set
equal to zero. Bioturbation rates derived from this approximation may
thus overestimate true values if net deposition occurs in these
sediments. Based on procedures outlined in Lavelle et al. (1986), along -
with additional assumptions stated previously (e.g., baseline Lead-210
activity), the average calculated bioturbation rate in cores HC-B01 and
HC-B02 is approximately 23 + 12 cm?/yr. This estimated range is
similar to values reported for the main basin of Puget Sound (Lavelle et
al., 1986) and elsewhere (Robbins, 1978; Dayal et al., 1979; Peng et al,,
1979; Carpenter et. al., 1982; O'Connor et al.,, 1983).

At the apparent bioturbation rates, contaminant movement through the
~ core could occur much faster than that characteristic of a simple burial
model. Bioturbation may thus explain the presence of contaminants
such as lead and PCBs at depth within the cores. Undoubtedly some
combination of both processes (burial and bioturbation) is operable
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within the Pier 64/65 sediments, though the data are not sufficient to
reliably determine the relative importance of each mechanism.

Key conclusions of the sediment transport and deposition evaluation
discussed above are summarized as follows:

)‘k » Considerable sediment resuspension appears to occur in the site
i vicinity. Based on a comparison of sediment trap and in-place

~sediment data, approximately two-thirds of the material deposited in

the study area may be resuspended material. The original source of -

these resuspended sediments cannot be determined with the
available data, but may include large areas of the central and
southern Seattle waterfront; and

;%/ » Both sediment burial and bioturbation may be important processes
contributing to contaminant transport through the upper sediment

layer (0 to 50 cm). Although the overall database is more consistent
with bioturbation-induced transport, net sediment deposition in the
Pier 64/65 area may also be occurring. Based on the observed
Lead-210 profile, the upper-bound (zero bioturbation) sedimentation
rate in this area is approximately 0.26 + 0.04 gm DW/cm*yr, or 0.8
+ 0.3 cm/yr. Similarly, the upper-bound (zero sedimentation)
bioturbation coefficient is approximately 23 + 12 cm’yr. All these
values are consistent with reported rates elsewhere in Elliott Bay
and central Puget Sound.

CONTAMINANT DISTRIBUTION

As stated above, a variety of previous investigations have been
performed in the Pier 64/65 vicinity which have evaluated contaminants
present in surficial sediments.. Along with the recent data collected
during this investigation, and summarized in Tables 2 and 3, the
accumulated database collectively provides a basis to assess contaminant
distributions in the study area. :

Quality Assurance/Quality Control

Based on our review of previous data and a more in-depth validation of
chemical data generated during this study, the entire database compiled
for the Pier 64/65 vicinity appears to conform with PSEP (1986)
protocols. During our data validation effort (discussed in detail in
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Appendix B), some of the original laboratory reports were flagged with
a "J" to denote that the associated concentration value is estimated (and
likely biased somewhat high), given the results of surrogate recoveries
above the control range. Other "J" flagged data indicated the confirmed
presence of the analyte, but at a concentration below the sample
detection limit. All semivolatile data reported by the laboratory were
confirmed with mass spectrometry.

Aside from the absence of some analytes (e.g., TOC) in several of the
previous studies, few limitations on the use of the data were identified.
However, since TOC is a critical "normalization” parameter necessary
for criteria comparisons, estimation of this analyte concentration based
on surrogate parameters was investigated for this report. The lack of
original TOC data occurs in the Port of Seattle December 1987
sampling (Doug Hotchkiss, Port of Seattle, unpublished data), and the
Metro May 1988 sampling (Metro, 1988).

Total volatile solids (TVS) generally provides a measure of
concentration of the same organic compounds determined in the TOC
analysis. Since TVS was determined on the Port of Seattle samples, its
relationship to TOC was investigated using all data available from the
local database. A highly significant (P < 0.001; regression) relationship
exists between these parameters, and is plotted on Figure 4A. The
TVS:TOC regression relationship, which was utilized to estimate TOC
concentrations in the Port of Seattle data set, is summarized as follows:

Log (TOG; fraction DW) = -0.20 + 1.13 * Log (TVS; fraction DW)
? = 0.87; P < 0.001; Prediction Uncertainty = + 13 %

The original Metro data set (May 1988 sampling) did not include
analyses for either TOC or TVS. However, a highly significant
correlation (P < 0.001) is evident between TS and TOC, and can also
be used as a basis for TOC estimation (Figure 4B). In this case, the
correlation between TS and TOC likely reflects the physical association
of higher water content with increased organic matter. The regression
relationship is summarized as follows:

Log (TOG; fraction DW) = -2.5 - 2.99 * Log (TS; fraction by weight)

r* = 0.69; P < 0.001; Prediction Uncertainty = + 18 %
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Although the TS:TOC relationship is somewhat less precise than the
TVS:TOC regression, the statistical significance of the relationship is
nevertheless strong enough to justify its use to normalize the original
Metro data. Since the original Metro data represent the largest single
source of sediment quality data within the study area (representing 9
sampling locations; Table 4), the information value contained in the
normalized data is justified, even with the additional estimated 18
percent uncertainty. Given the very large spatial variability of
concentrations observed within the study area, the additional uncertainty
introduced through TOC estimation is likely to be insignificant.

Chemicals of Primary Concern

As discussed by PTI and Tetra Tech (1988) and Metro (1988), some of
the previous sampling efforts conducted in the Pier 64/65 area included
the determination of all or-substantially all of the priority pollutants

mmnd program. Relative to the frequency of
analytical detections reported in these investigations and considering
potential aquatic life toxicity (as represented by P2 criteria),
bioconcentration, and human health risks, a number of chemicals of
primary concern were identified in the study area. As summarized by
PTI and Tetra Tech (1988) and Metro (1988), the chemicals of primary
concern include the following:

Lead

Mercury

Zinc

Low Molecular Weight PAHs (LPAHs)
High Molecular Weight PAHs (HP AHs)
Benzoic Acid

Bis(2-ethylhexyl)phthalate

Dibenzofuran

Polychlorinated Biphenyls (PCBs)

Although other chemicals were detected in the Pier 64/65 area, some at
concentrations exceeding P2 criteria, the frequency and magnitude of
such exceedences were far lower than those of the primary chemicals
listed above. Furthermore, because of the strong spatial correlation
observed between the various analytes, the nine primary chemicals or
chemical groupings listed above can be used as suitable indicator

parameters for risk assessment. and remedial action purposes, similar to

L
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the Superfund program. Accordingly, the remainder of this discussion
will focus on the nine primary contaminants identified above.

Depositional Sediment Quality

The chemical quality of the depositional sediments, as reflected in the
Pier 63 sediment trap samples, is summarized in Table 2. The bulk
chemistry of these materials is dominated by the presence of silicon
(22 percent of dry weight; likely present as silicate), with substantial
quantities of aluminum (6 percent), iron (4 percent), organic carbon
(4 percent), and calcium (2 percent). The bulk chemistry of these
materials is similar to depositional sediments of Puget Sound

(Feely et al.,, 1986). As discussed above, the Lead-210 data indicate
that a substantial portion of these depositional sediments is derived
from resuspension.

Of the twelve metals analyzed in the trap material, only mercury --
present at 0.74 to 0.76 mg/kg DW - exceeded P2 (0.41 mg/kg) criteria
(Table 2). The draft MCUL of 0.59 mg/kg DW for mercury was also
exceeded. All other metals, including lead at 156 to 186 mg/kg DW,
were below the draft regulatory criteria. PCBs (measured at 7 mg/kg
TOC) were also below the P2 criterion (11 mg/kg TOC).

The concentrations of LPAHs analyzed in the trap material (total
LPAH levels of 354 to 438 mg/kg TOC) were generally equivalent to
the P2 criterion of 370 mg/kg TOC, but lower than the draft MCUL of
780 mg/kg TOC (Table 2). The LPAHs were dominated by the
presence of phenanthrene and anthracene, though all priority pollutant
LPAHs were detected in these samples.

The concentrations of total HPAHSs in the trap material ranged from
1,950 to 2,260 mg/kg TOC, which exceeded the P2 criterion of 960
mg/kg TOC, but was lower than the MCUL of 5,300 mg/kg TOC
(Table 2). The total HPAH concentration was represented by a wide
variety of individual compounds, and again all priority pollutant HPAHs
were detected in the samples.

Surficial Sediment Concentration Distributions

As discussed above, extensive (16-point) surface sediment composite
samples were collected from three nearshore areas of Pier 64/65 in an
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effort to obtain samples representative of the average concentrations
within these 100-foot square grid zones (Figure 2). Previous samples
collected within these areas indicated a very large spatial variability. A
summary of concentrations encountered in the nearshore composites
(HS-SS01, HC-SS02, and HC-SS03) is presented in Tables 2 and 3. A
comparisons with previous data collected in the vicinity is presented in
Table 4.

The metal concentrations detected in the surface composite samples
were of a similar range compared with levels reported for the area from'
previous studies. The lead concentrations in these samples ranged from
420 to 704 mg/kg DW, which is higher than the median value observed
within the entire study area, but considerably lower than the maximum
concentration reported at EBAT sample SS-09 (PTI and Tetra Tech,
1988)(Tables 3 and 4). The surface composite samples contained
concentrations of lead, mercury, and zinc which typically exceeded the
P2 criteria; the maximum concentrations were typically equivalent to the
MCUL.

The concentrations of all of the organic chemicals of principal concern
identified in the study area (see listing above) exceeded P2 criteria in
the nearshore surface sediment composite samples (Tables 3 and 4).
For many of the analytes (especially LPAHs and HPAHs), the
concentrations also exceeded draft MCUL criteria. Total HPAH
concentrations, for example, ranged from 7,600 to 14,300 mg/kg TOC.
These elevated values are the result both of the high dry weight
concentrations (111,000 to 219,000 ug/kg DW total HPAH) and low
TOC levels (1.5 percent DW) observed in these nearshore sediments.

In contrast to the lead data discussed above, the concentrations of
organic chemicals of primary concern in the nearshore surface sediment
samples were similar to maximum concentrations reported previously
within the area (i.e., EBAT sample SS-08; PTI and Tetra Tech, 1988)
(Table 4).

The areal distribution of contaminant concentrations within the Pier
64/65 area was assessed through the application of geostatistical
contouring techniques (e.g., kriging and multiple regression;
incorporating log-normal data transformation). All data summarized in
Table 4 were included in this evaluation.
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As a preliminary component of the geostatistical assessment, variations
in concentration alongshore (i.e., in a northwest-southeast direction)
were first examined. Based on the results of our evaluations, no
significant differences (P > 0.10) in concentrations exist alongshore
within the study area. The relatively minor variations in contaminant
concentrations between Pier 62 and Pier 66 appear to be within the
range of sampling variance observed during the various investigations.

Significant offshore (i.e., in a northeast to southwest direction;

P < 0.05) variations in contaminant concentrations were observed for
many of the chemicals of primary concern identified in the study area.
The contoured surface distributions of several key contaminants -- lead,
LPAH, and HPAH, are depicted on Figures 5, 6, and 7, respectively.
For these contaminants (and correlated chemicals such as
dibenzofuran), surface concentrations declined in an approximate
logarithmic pattern with increasing distance from shore. The offshore
concentration declines suggest a source of these contaminants close to
shore, though the identity of such a possible source has not been
determined. Potential sources could include releases associated with
treated pilings and runoff from adjacent commercial properties and
roadways. :
A V4

Based on the areal distributions presented on Figures 5, 6, and 7,
surface sediments within a distance of approximately 200 feet from
shore exceed the P2 criteria for all three parameters. Surface sediments
within a distance of approximately 140 feet exceed the draft MCUL
values for these chemicals. As stated previously, the data are not
sufficient to identify the distance alongshore exceeding these criteria.

Although a relatively strong offshore variation in surface concentrations
was observed for many of the primary contaminants such as lead and
PAHS, no significant (P > 0.10) offshore variation was observed for
other indicator chemicals such as mercury, zinc, and PCBs. Surface
concentrations of these chemicals appeared to be similar throughout the
entire study area, and are indicative of regional sources. Previous
studies in the area, fof example, have identified natural and
anthropogenic discharges from the Duwamish River as important
sources of these contaminants (Harper Owes, 1983; PTI and Tetra
Tech, 1988). Nearly all surface concentrations of mercury within the
study area exceeded the P2 criteria. A large fraction of the PCB data
also exceeded these criteria.
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Vertical Contaminant Proﬁles'

Contaminant profiles within two cores collected in relatively consistent
depositional environments in the study area (based on Lead-210 data)
were examined as a component of this study. The cores - HC-B01 and
HC-B02 - were located 150 feet and 100 feet offshore, respectively, in
the vicinity of the contoured criteria boundaries (Figures 5 through 7).
Chemical data collected from the borings are summarized in Table 3.

Overall, the surface (0 to 4 cm) contaminant concentrations observed in
the borings were similar to contoured surface concentrations in the

study area (Figures 5 through 7). The surface concentrations were also
similar to or somewhat higher than values observed in the sediment

traps (Table 2), which may simply reflect the more inshore location of
the borings relative to the traps.

The concentrations of lead and zinc were relatively uniform throughout
the coring depth (0 to 50 cm)(Table 3). Assuming a bioturbation-
induced mixing model (see above), these data are consistent with an
input which has been slowly reduced over time.

The concentrations of PCBs in the deepest sediments sampled were 5
to 9 times higher than concentrations observed on the surface. Peak
PCB concentrations at depth within the cores were approximately 778
mg/kg TOC (33,000 ug/kg DW), well in excess of the P2 and MCUL
criteria (Table 3). Higher concentrations may occur at deeper depths
within the sediments. The PCB data are consistent with a relatively
abrupt reduction in source strength during the recent past (PCB use
and manufacture was banned in 1972 and 1974, respectively), and the
JOST fim L, recovery of these sedimen. The low PCB

Loo~ concentration present in the sediment trap sample (7 mg/kg TOC; s
e WLA""' Table 2), is also consistent with continued PCB recovery. - L LMA
by s e

. -
The concentrations of LPAHs and HPAHs were highest near the sy LT«

sediment surface (0 to 14 cni), and declined rapidly with increasing °
depth (Figures 8A and 8B). The depth of sediments exceeding the P2
criteria appeared to be restricted to the upper 50 cm (1.5 to 2.0 feet) of
the sediment column. PAH concentrations exceeding MCUL values are
confined approximately to the surface 14 to 20 cm (0.6 foot).

~—e—
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The PAH profile data are generally consistent with either a nearly
constant or increasing source strength of PAHs to Pier 64/65 sediments
over time. The relatively high concentrations of PAHs detected in the
o"&é \’9/ Sg —— sediment trap samples are consistent with this hypothesis (Table 2).
¢ A S\' PAH concentrations measured in the surface sediments and trap
o"vQJJ-, WL;&“’ samples are also well above depositional (i.e., particulate)
i concentrations reported elsewhere in Elliott Bay (Curl et al., 1988).
Based on the range of reported half-lives of PAH (M. Riley,
Parametrix, personal communication, 1990) declines in PAH
concentrations with increasing depth within the sediment may also be
influenced by natural degradation, particularly for the more labile
LPAHs. However, the rather wide range of reported PAH half-lives
does not permit a more precise assessment of the importance of decay
in this case.

‘(OJS

Figures 6 and 7, an ongoing PAH source close to the shoreline is likely.
As stated previously, such a source has not been identified, but may
include releases associated with treated pilings and runoff from adjacent
commercial properties and roadways, including the Denny Way
combined sewer overflow (Curl et al., 1988). Although industrial
releases have been identified as major PAH sources elsewhere in Elliott
Bay (e.g., Cubbage, 1989), in our opinion such sources do not occur
close enough to the study area to be likely source candidates for the
r‘-' nearshore PAH contamination identified at Pier 64/63.

éConsidering these data and the areal distribution contours presented on
X

W( ' Nearly all of the treated pilings within the Pier 64/65 area were
| \wrt removed during demolition in 1987, which would have controlled at

L b L& €. 1 least the local inputs arising from this potential source. However, the
B Sx'/k Yot ‘)b/\ov" ’ presence of numerous similar pilings south (and generally upstream) of
i o g Jﬂv o the study area may represent an ongoing and potentially larger source
&,\,X % of these materials. Little data are available, however, on release
. MSD " U)\ry- characteristics of weathered treated pilings; the importance of pilings as
W ;

- \ \M/\,w“w e s ‘a potential PAH source in this case, therefore, is largely speculative.
N v
W r -

REMEDIAL ALTERNATIVES

= ) The contaminant distribution and sediment trap data summarized above
permit a number of conclusions regarding the need for remediation, the
ability of natural recovery to achieve existing regulatory criteria
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following source controls, and the appropriate scope of remediation
activities. These issues are discussed below.

Although mercury, zinc, and PCB concentrations are elevated above P2
criteria in surface sediments of the study area, similar exceedences
occur throughout the vicinity. For mercury, a natural source related to
upstream deposits in the Green River is implicated, and is not likely to
be addressed in a sediment remediation program. Zinc inputs appear
‘to be declining (based on sediment trap and vertical profile data) and
recovering within local sediments.

Similarly, PCB concentrations in local sediments (likely derived from
regional sources) have recovered markedly and are currently below
proposed MCUL values but still above P2 criteria. Further PCB
recovery is expected. High concentrations of PCBs present at depth
within the sediments appear to be largely isolated from the sediment
surface.

Lead concentrations, though locally elevated in nearshore areas of Pier
64/65 within approximately 200 feet of the shoreline, nevertheless
appear from the sediment trap and profile data to have declined over
the recent past (sediment trap concentrations are currently well below
P2 criteria). Sediment recovery is expected to reduce these
concentrations in the future.

The rate of sediment lead recovery can be predicted using the sediment
mixing and burial models discussed previously. Based on these models,
and assuming inputs similar to the trap values (approx. 170 mgkg DW),
recovery of surface (0 to 2 cm) nearshore sediments (maximum
composite concentration of 704 mg/kg DW) to the P2 criterion (450
mg/kg DW) is expected to occur within a period of approximately ten
years. This conclusion would hold regardless of the specific sediment
transport model employed (i.e., burial or bioturbation). Based on these
data, additional sediment remediation to address local lead
accumulations appears unnecessary. More detailed predictions of
sediment recovery based on modeling are possible with the available
data but were outside of the scope of this study.

PAH accumulations (and correlated contaminants such as dibenzofuran)

present in nearshore Pier 64/65 sediments pose the greatest potential
remediation need in the area. Not only are local concentrations of
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these chemicals substantially elevated relative to both P2 and MCUL
criteria, but an ongoing source of these materials is indicated. Current
inputs to the sediments, as reflected in sediment trap data, also exceed
the P2 criteria. Natural recovery without additional source control,

V/ therefore, woulmqyg ‘compliance with this. rcggiéiéicgi_tqﬁpn.
A Sediment trap PAH concentrations, however, are below proposed
CUL criteria.

Méf - Without additional source controls, active remediation of local

‘ < sediments (e.g., capping) would be unlikely to achieve the proposed

- U 05 qvf”“} (P2) sediment quality criteria. Unless current sources can be controlled,
\ short-term improvements resulting from remediation actions will be

’ﬁ mitigated as additional contaminated material is deposited and mixed
M ", into the new "clean" surface. Accordingly, we recommend that remedial
M ‘§- s actions not be implemented until such time as effective source controls
&M" v are in place.

W‘POI“\ ' Assuming that local PAH sources can be controlled at some point in the

future, the ability of sediments to recover naturally can be assessed.

. Again using the sediment mixing and burial models described
previously, the recovery time necessary to achieve compliance with P2
criteria can be assessed. For the modeling effort, which focused on
total HPAHs because of a greater criterion exceedence, the following

r assumptions were made:

» The initial concentration of total HPAH was set equal to the
maximum surface composite value of 14,300 mg/kg TOC; |

~» The mixed depth under the simple burial model was assumed to be
- 8 cm;

» The average sediment accumulation rate (0.26 gm DW/cm?yr) and |
average mixing coefficient (22 cm’/yr) observed in cores HC-BO1 and
HC-B02 were assumed to be representative of conditions throughout
the study area;

» The input HPAH level was assumed to be equal to the reported
average HPAH concentration in open-water areas of Elliott Bay of

approximately 100 mg/kg TOC (Curl et al., 1988); and

» The remedial action objective for HPAH was set equal to the P2
concentration of 960 mg/kg TOC. An alternative minimum cleanup
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goal was also evaluated, based on the proposed MCUL for HPAH
of 5,300 mg/kg TOC.

Given the assumptions listed above and considering the alternative
sediment transport models possible at Pier 64/65 (i.e., burial versus
bioturbation), natural sediment recovery to P2 levels would likely occur
over a period of approximately 10 to 40 years. The lower recovery
times are generated under the bioturbation model, while longer
recovery times are characteristic of the burial model. Additional
refinement of the natural recovery predictions were outside of the scope
of this study.

It is unlikely that source controls alone will be sufficient to achieve
compliance with P2 criteria within a time frame of 10 years, which has
been normally allowed by the regulatory agencies (see Commencement
Bay Record of Decision and proposed Sediment Management
Standards; WAC 173-204). However, given the assumptions listed
above, achievement of the MCUL value is highly likely within ten years
of source control. Depending upon the time frame to achieve source
control and the ultimate cleanup objective; therefore, active sediment
remediation may or may not be necessary to achieve regulatory
compliance.

An appropriate method of active sediment remediation - if required
based on the success of PAH source control efforts — may likely take
the form of a sediment cap. Dredging of the contaminated material for
remediation is not recommended for consideration based on the
presence of high PCB concentrations at depth within the sediment
column, the widespread distribution of similar contaminants, and high
cost. A sediment cap could minimize the opportunity for biological
access (e.g., via burrowing) to deeper contaminated sediments and
prevent the further resuspension of existing contaminant accumulations.

The benthic community sampling and analysis of the Pier 64/65 area has
revealed a community lacking larger, deeper burrowing organisms
(Beak, 1990). These data are consistent with a biological mixing zone
restricted to the upper 10 cm (G. Mauseth, Beak Consulting, Inc.,
personal communication, 1990).

For the purposes of providing a preliminary estimate of the cost of
constructing a sediment cap in the Pier 64/65 area, sediments located
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between 50 feet and 200 feet offshore from the existing bulkhead were
considered for remediation. Sediments in this area exceed the proposed
P2 sediment quality criterion. Nearshore sediments located within 50
feet of the bulkhead are presently represented by relatively steep and
coarse-grained riprap materials which provide substantial biological
habitat. Accordingly, capping of the immediate (0 to 50 feet) nearshore
area is not recommended.

Given a project width in the Pier 64/65 area of approximately 600 feet,
a cap area of roughly 10,000 square yards may be appropriate for
analysis. It should be noted, however, that contaminant concentrations
similar to those observed in the Pier 64/65 area are believed to be
present along much of the local Seattle waterfront. Remedijation of-
these adjacent areas will likely be required to prevent recontamination
of Pier 64/65 sediments. For this reason, we recommend that capping
only be performed in the Pier 64/65 area as a component of a more
extensive waterfront sediment remediation program.

The cap thickness required to effectively isolate contaminated sediments
in the Pier 64/65 area can be estimated using the sediment coring data
collected during this study. Based on the Lead-210 data collected from
borings HC-B01 and HC-B02 (Figure 3A), the active biological mixing
zone appears to be largely restricted to the top 10 cm. Similar
biological mixing depths have also been reported in shallow-water
environments elsewhere in Puget Sound (Tetra Tech, 1988), and is
consistent with local benthic sampling data (Beak, 1990). Accordingly, a
minimum 10 c¢cm thickness could be considered for a sediment cap.

Although the majority of the biological activity present in local
sediments appears restricted to the top 10 cm, less intense (perhaps
non-biological) mixing may nevertheless extend to deeper depths. For
example, under the bioturbation model of sediment mixing, the Lead-
210 data collected from the site are consistent with an average mixing
coefficient of 22 cm’yr over the top 50 cm. The rate of mixing
undoubtedly declines with increasing sediment depth, though additional
data would be required to document such a condition. Furthermore,
given the natural recovery modeling assumptions outlined previously, a
cap thickness of up to 50 cm may be necessary to prevent long-term
mixing of these deeper materials into the biologically active zone.
Using the 50 cm (1.6 ft) depth as a conservative estimate of an
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appropriate cap thickness, the total volume of imported capping
material is thus approximately 5,500 cubic yards: -

— e

It should be noted that other studies of sediment capping in the Puget
Sound region have addressed cap thicknesses up to 100 cm (3.2 ft),
primarily to assure isolation from deep-burrowing organisms (Tetra
Tech, 1988). However, such deep penetration is not considered
relevant in the Pier 64/65 for the following reasons: (1) deeper
burrowing species are largely absent in the site vicinity (Beak, 1990); (2)
Lead-210 and chemical profile data indicate minimal mixing occurs
between these deep sediments and the biological mixing zone; and (3)
the extent of sediment contamination throughout much of the central
Seattle waterfront may be more effectively remediated through greater
areal coverage of capping material, rather than greater depth at
individual locations. Again, these issues argue for capping of the Pier
64/65 area as a component of a more extensive waterfront remediation
program.

Suitable regional sources of clean sediment capping material are
available from Puget Sound dredging projects (e.g., Duwamish River or
Snohomish River maintenance dredging operations). Along with the
cost of the transport of this capping material, the total construction
would likely include the costs of geotechnical investigations, turbidity
controls, mitigation, monitoring, and permitting. For the purposes of
this preliminary evaluation, we have estimated the unit cost associated
with the entire capping operation at roughly $15 per square yard, based
on our experience and on similar evaluations performed elsewhere in
Puget Sound. Depending upon the source of the capping material and
specific project requirements, however, the unit cost may range from
roughly $5 to $40 per square yard. Further refinement of costs was
outside of the scope of this study.

Based on a "typical" unit cost of approximately $15 per square yard, and

a total potential capping area of 10,000 square yards, the approximate
cost of a protective cap at Pier 64/65 is estimated at roughly $150,000.
The range in costs for such a project, however, may vary from roughly
$50,000 to $500,000.
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Work for this project was performed, and this letter report prepared, in
accordance with generally accepted professional practices for the nature
and conditions of the work completed in the same or similar localities,
at the time the work was performed. It is intended for the exclusive use
of the Port of Seattle for specific application to the referenced property.
This report is not meant to represent a legal opinion. No other
warranty, express or implied, is made.

It should be noted that Hart Crowser relied on verbal information
provided by the individuals indicated above. Hart Crowser can only
relay this information and cannot be responsible for its accuracy or
completeness.

Any questions regarding our work and this letter report, the
presentation of the information, and the interpretation of the data are
welcome and should be referred to the project manager (the
undersigned).

We trust that this report meets your needs.

, INC.

B G

Sr. Associate

CRP:0b

pier6465.fr
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Tabic 2 - Summary of Sclected Sediment Trap and Surficial Sediment Chemical Data ~ Pier 64/65

Hart Crowser

Scdiment Coring Data
Sediment Trap Date | Surface Sediment Composite Data HC-B01 HC-B02

Chemical Pier 63A | Pier63B| HC-SSO1 HC-5502 HC-5503 Otodcm Ow4cm
Buik Parameters:

Deposition Rate (gm DW/cm2-yr) 0.36 0.34

210-Pb Activity (dpm/gm DW) 4.05 435 4.03 2.14

Total Solids (%) 26.3% 25.5%f 55.1% 40.4% 60.4% 37.7% 34.4%

Total Organic Carbon (% DW) 3.9% 47% 15% 1.5% 1.5% 3.5% 14.9%
Mectais (mg/kg DW):

Aluminum 65200 | 55,500

Arsenic 16 15

Calcium 18200 | 16,500 9,830 3,360

Chromium o4 93

Copper us u7 .

Iron 40.200| 41,400

Lead 156 186 486 704 420 569 1.180

Mangancic 584 548

Mercury 0.74 0.76 0.45 0.60 0.25

Nickel “ 39

Silicon 226,000 | 224,000

Zinc poil 26 665 1.030 306 484 582
Low Weight PAHs (mg/kg DW):

Naphtbalene 0.13 0.33 1.6 3371 183 54 3.4

Accaaphthaicns 1.00 1.10 14 171 261 3.6 3.9

Accnaphtheos 0.40 0.69 0.9 2417 19 1 31 20.0

Fluorene 0.95 1.20 1.2 5013 39 1 8.8 26.0

Phenanthrene 7.20 6.30 6.2 200 I 430 41.0 3.0

Anthraceoo 7.40 7.00 42 310 J 5.9 44.0 0.0

Total PP-LPAH 17.08 16.62 15.5 634 1 59.1 105.9 6.3

Total PP-LPAH (mg/kg TOC) 438 354 1.064 4144 1 3.888 1,252 1.519
High Weight PAHs (mg/kg DW):

Fluoranthene 13.00 15.00 110 - 330 J 57.0 7.0 62.0

Pyrens 12.00 13.00 2.0 430 7 54.0 31.0 140.0

Benzo(a)Anthracene .0 9.00 15.0 320 71 10.0 430 51.0

Chrysens 1500 1500/ 9.3 770 1 13.0 52.0 75.0

Benzo(b)Fluoranthene 11.00 11.00 0.6 U 1.0 I 3.4 4.6 57.0

Beazo(k)Fluoranthene $.10 .00 2.0 320 J 40 U 85.0 T1.0

Beazo(s)Pyrene 10.00 10.00 8.1 17.0 I 72 42.0 54.0

Indeno(1.2.3—cd)Pyrenc 4.%0 4% 43 17773 321 13.0 2.0

Dibeazo(a.h)Anthracene 1.40 1.50 2.0 29 40U 52 120

Benzo(g.h.i)Peryleno 420 420 43 112 40 U 13.0 32.0

Total PP-HPAH 88.20 91.50 1113 287 1 163.3 428.5 593.0

Total PP-HPAH (mgikg TOC) 2.262 1.947 163 14294 1 10,776 5.065 3.9%0
Polychiorinated Biphenyis:

(mg/kg DW) 0.27 0.97 0.86 0.67 1.06 13.20

(me/kg TOC) 7 66 56 “ 13 39
NOTES:
a. *U*® denotes that the analyte was not d d: vaiue p d is the sample detection limit.

b. °J* denotes that the analyte was positively idcatified. but the associste numerical vaiuc is estimated.

2834TVIOBS

J-2854

Page 36



v

Hart Crowse

J-2854

‘pauiquiod v o:...__.:-Ec:_:xvo:_ﬂ_ puv guayiunorot)j(q)ozuaq 1oj wiep g3jedjpuy

‘1nsar aeappdnp 11,y senoppuy ()
‘QIMUI)IS ® PISIPISUOD B IN{WA SIWIPU} ¢
‘pANIIPYL WL UOJIANIP Mojaq punodwod salesjpul )

‘o)

PIINUO}ED Jou sIfpu] -
‘m3)am Lip uo paseq sapeoppu) .

‘pazkjrue jou sapolpuy YN SHION
- VN - YN L 901 124 L9°0 9§ 98°0 L9 L6'0 sHOd Mo},
- YN - YN L 190 9t ob'o 91 0ro 6 Lo 0911 Iopoiy
- YN - VN - fneio gt Le'o ot 9Y'0 81 t9z'0 rsTl 100y
- YN - YN s sP'o - neto - nico - neto 8vT1 Jopory
Mod
vy v by (A4 12 rst (X (s sol (91 DR A 81 wyrqd(ihvay Aan-g) g
0l (Lso LS 18z £ tet 1t ret sot 191 ’¢ 1€50 uwinjozuagiq
- net - nes - ney - noe - nye 124 L9'o U9ZVIqO 10§ (1"
- nei - net - nee - net 11 1690 |Jo9 tLeo PIoY ojozusyy
pre’l 8 EL 99¢'8 Urie 80S €I ToLy 1oc’ol  BLst jrel'vl L'miT jcod'L L HydI (Hiod
99 9t Z13 61 0¢8 €1 - nor 61§ '8 S6C £y suafX1ad{jy' I)ozuag
91 e £t 1L obe (A - noe 06t 6't Les ot eLEELBUTNLIU N ) UL T )
09 £e XY 81 0S8 4] 1e (A £€0s LL $6¢ £ ausshd(po-¢'z' 1 Youspuy
£Ed £ 98L 6¢ sHL'e T YLey tL ' Ly 1313 1's suarhd(v)ozusy
st €9 1s0't 143 95s's se - no'y 160t T¢ 986" | 6t ouayiuroton|j(g)ozuay
611 (A 698 £y - nyy £ss ye 6iL i - 1090 uayrueinolg(q)ozuay
(A 138 4 ety 9¢ si9 s it 8t soL't LT LeY €6 suath1y)
¥ 0'¢ Lyt Le L9 8 859 o1l 160°'C Tt LTo' s auazenpue(v)ozuay
LR A 67 020'7 not LS6 18 £ss'e vs Ler'e 9 816"y L R4 kg
79 ve 698 cr BTo't L8 osL'e LS Lst'e 1 £sL it suatjuvinoty
£9i $6°8 LY 618 TEM 801 116'¢C 9765 1 AXM ] 91y 0601 91 UINZ § LIEA
L 19t 39L 13 0§ re ROE 6'S 970'¢ it 88L Ty IR
Gy (A4 1421 Lz S8y iy 618°'T € Loe't 0z sTY 9 IuIsfruvuay)
9 tot 9Lt L's rol g8 LSt t6e Lee 0's (4] (Al uasont,
6 LYo ss (e LE e st 161 Lst re ’9 £6°0 susyiydvuasy
81 1860 it T R (M A 197 i Lt 96 $1 suaphyiydeuasy
- neze 97 ret 1€ 191 te 1050 8L (AL 9z (8€°0 auageyrydeuphyray-g
e (EA] ] tvy v9 rs Bl ret 9z €€ ot 91 suapviiden

(H0L wdd), (wdd),  {(DOd, wdd), (udd), (00, wdd), (wdd)y ot wdd), (wdd), hoswdd)y (wdd), oy wdd), (wdd),
-u-nnu..o o::_.;_:.om
- 0ze - 6sT - ret - 90¢€ - oco'y |- $99Y vz,
- vN - VN - YN - sT'0 - 09'0 - [121] Kmarapy
- S8F - 99¢ - 69§ - oty - yoL - 98p peay
- 088's - 092°6 - 088'6 - VN - YN - YN wnpa(e)
(ma Iydw) speppy
- 6b'sS - S6° b - 9r'8 - st - €5t - b1 (%) uoqie) ouedsg frioy,
- . re'zt - SL k1 - [RARA/ - 0'¢ - 9'¢ - 8t (%) spijog simIoA (0],
- (se)vv6c |- (61)pg ie |- (ze)et e |- (s)ro9f- (ay)r o¥|-- (re)rss (%) tp)os (eto],
n_uzc___.u:_onu _=u=__ﬂum
1w cﬂ LI TA wa v_ ol g wo v ot ou-.__sm uu-.—.zm uu-.-_sm uu-.—.:m ._:—un_
100-01 1on-ou 104-0H £€055°-0H 0SS0l 10SS-018 uojivao') Bujidureg

' Apmg nawpag s9/49 2048
T 30 1 vy Jasmon]) Jvjp Aq paaagod wmegg Juaunpag jo Kmwwng - g oquy,
3 :
n a ot toia 4 4 A 4

Page 37



r

Crowse

Harz

‘pangquraa ane o:a___:.a.a:::vas:oa._E. sumgiunosontj{q)ozuag s0) wiep saEo|puy

.o.:
‘fjnsat o.-u__.._:_, LLY smeipuyy ) ‘PatRnoled ot sajedipyy .
.o_s-:_:u v 1053-:30 -_ ELULEY -u_-u_—:__ — .-__n_ok h:‘ uo poseq -u_to::_— *
.—uu_-o:.:- __-:__ :o__uo.u—. Bo—nxa v::on:.-cu -o_-u_—.:— : .ﬂusa_qcn fou -o—-o_vc— <Z .m:cz
<9 T SLL tt - VN -~ YN 61 el 09 91t $00d (R10])
- ote X - YN - ¥N v9 $6 Ty (A 09Z1 Joprory
- - no - VN - YN - ne't - no pSTL topory
8ry 61 - VN - YN ST L'e LR t96'0 8yl topory
110d
Ly Ly (R ts 0¢ L reét st Tt 9 teo wivqiyd(thxayihyng-2)sig
8 gt - nLe - no'e 9 9t bL it Ly s usinjozuaqiq
e - nee - noe - nee - noe - nre IzUIqOIOIY2IA-¥')
0§90 - net - nsi 6 mwe't - nsi - ngt PIdY ojozuag
00ts 096 ob (Ll 182°1 9 1€} 0s0'1 1'SLT 086'C £€6¢ 'TIM! 18°66 R IRZ I
8L 1e - net v9 L't SE 6 sit ¢ (K3 L't suatliad{y’y 8jozuag
€€ tt - nee te £81 91 cr 18 Tl vl teLo aunwnpue(y'v)2uaqiq
88 bE - net 19 9°¢ €€ 9'8 s61 61 vy ret ouaskd(po-g*z’ | )ouapuy
ore 66 - . nee £st 8'8 v Tt oty 12 801 L's ousskd(e)oruag
“any "au) - nee £€re ri 14X4 13 LLY e 991L rt susyiuvosonyj(y)ozuag
sy 0ce - nee 951 06 Yot £ £€8¢€ LS - nee suayjueinofj{q)ozusg
09¥ 011 - neLe 44 et 66 9t €o0g St 981 96 susskiyp
oLt 011 - nee 891 L6 66 9t Tre 1 X3 6€1 cL ouaswsytuv(v)ozusg
0okt 0001 - nee ve9 9¢ 14114 €S ore ort 918 € suarhy
00zt 091 . or ret s§S e suy ot 91y 79 99t A uagiueIno|,y
08L 0Lt 61 6L°0 8rz TPl Lt 13D crs'i 6 6LL 19f ¥9' bt SIEVdL (M0
YR 0Tt 61 6.0 06 T's LS S Les 08 AR 6's auIITIIUY
0y 001 - nee $8 6'v €L 61 16§ 88 rel 09 suasyruvuayy
6L £z - nee (X4 tyt L re tLl 9t €9 €€ suatonyy
LS 91 - net 0l f09'0 " 10¢ vel 0ot £9 €c auagiydeusoy
99 99 - net 91 1260 8 A 97 6'¢ Bl 1160 suajhysydruasy
0zt Vo - net - no'e 14 (19'0 ve 9'¢ st (080 auapvyigdvulAyragy -y
oLl 66 - nei £t (] 8 e 98 re €8 rr suapepdey
(DL wdd), (wdd), (o4, udd), (wdd), (004 wdd), (wdd), |(OoL wdd), (wdd)y (D04, wdd), (wdd),
. ﬁ s3juedaQ  3vjoapIg
096 o1y - o8y - Log - £RZ - s - 16§ oz,
650 1v'o - VN - VN - YN e YN - VYN Linoaagy
0es oSy - oso‘r |- $SS - soL - ost'y |- 10s pray)
- oog's - 000'L - o1’y - 098'¢ - 008'9 wnd(e)
' (Ma Iy3u) spmpy
- - - vTy - LLs - 9t - 6'rt - Le's (%) uoqu) opuedsg o],
- - - 90° b1 - 1012 - 10°tL - 6761 - 611 (%) spiiog dnejoA w0y
- - - (sedvL ey |- (velesot |- (1e)s80¢ |-- (rederre |- (zv)es-ey (%) spljog (sio,
{0661 *A30j00:)6R61 ‘A30j007]) : FISUOJIUIAUG]  JUIU|PIS
SEIAN vRELLIYD
JANVITE Arnvnd W gp 01 OF u g o1 07 un y{ o1 g uix § of dejing wy og o1 oF ndag
WININIW JNINKEIS 1000l 1006-011 10U-o1 100-0H 100-01 uopisso Bujjduwreg
. Avmg wangpag gosrg 1310
T Jo T aBng

235mM040 gl Aq pagaago wn 1mawmgpag jo Liwwmung - € 8f4ed,

Page 38



SHOIFtERL

"oy 99t {Aiproenb pareuigiea us eagousp L3, 9
ﬁ :/.»J PAVUINING 8] ON|EA Je3(13NU 3|u}s0RNY DY) g
n “Payiuspy Apapprod sem aiAgue st jry) eajousp ¢, -q
W 7._ "1 vopiastap syduren syp sy parussard snjea
& ] Pa13215p 10U S¥M 9)ATUN 24} Jwy) eoj0USp Ly, Y
o ‘SHLON
% 0’9 o8s 00t's 08L 096 650 (11 19A27 dnuespy umgurgy
"m ou o'st 096 oL oty 1o osy topsjpg Anjend) warigpog
Lre't 008'16 419 019’91 9¢2 Lo 99 Ly x$'sT ot a-dvyvtL 06-Int
L9 L9 W't oL’ L 11 S 0so'Ll 1L o 951 %6'¢ %892 OLL Y-dvilL 06-inf
[ oLy 8t 1 o008t e'ol 008°LS1 888'¢ o 001'68 90t st'o (1744 %1 %0'¢ %$r09 00t tos5s-oHt 06-1mg
[ 241 098 9'to1 t o't [ B TA T 1 ooL'sit 'y f oor'ey 010t 00 oL % x9S £ror oot toss-ol 06-1mp
99 oLs €9e I ots t9'L 000111 90°\ 008'St  $99 sho 1214 %s1 b1 B4 %16 oot 1055-0H1 06-uny
9 (oA 1] L 000* 11 036'¢ 000'€6$ 8ic'y 00£'9T U o8ty %6'n %61 %1 001 $000-208 06-Ariy
[ %84} 0901 ree 1 o08't 3€0's 00Z'9LF 8T 006'501  ¥o¥ 698 %Y %00t xLLe o8t 1000-10d 06-Avgy
oetl 119 [ 4 [14] i o' 6t (11 B 5 6t to't A1) } 1 B4 %09r 0L (114 an-fny
st ostL 9 (1744 199°1 00L'T6 9sT oLt L LT 0T %0'§ %0¢¢  06C L] 68-tny
19¢ 1.6’ r oz LYt ur' w1 (114 L S 745 " £A:2 : I 24 %0'tC oLt 9T 00-Aegy
(R4 19111 L nn o [{ TN kA 1A] Lst 8ot 902 9’0 19¢ i %69 %09¢ 0w 114 1Ay
9°9¢ [LIQ] L9t 168 (14 ¥4 T28°s6 199 Tt s L] (114 a xte %09y Ot [ 184y
[ 99 L0y 00T’ 190y 089°65Z 909 o9L'rLt 0L wo " a1 %90 %0t o5t 9 e-Any
Lot Lty L (2] st 000°$¢ f6€ 060'6 111 95'0 2] a %ty %0l OLr § "s-Avgy
(A1) €59’ [ N4] €19t 1oL 9l6'sL 9T ML Lte €nr 1414 B %801 %01t 05T 4 o8-Avpy
9 cre't s'¢ el e 901'1L oL 9€9°07 61 "o 1A} B %06 %0tC  01L € e-Avpy
o8t (1254 0’61 98L'L LY 9€0'66€ bLE 6l6'Fs  11€ o't 1.1 " %L %08 06 [ 4 194y
9°9¢ 6$9°C (31 434 908°1 si6'rs $9¢€ orI'Ll It oLt 1414 7 Ly %01r O 1 n-AvN
- - 009 - ote - - [1:24 99/594-¢ @ (%->2Q
YH (1 ] 06¢ €20 029'60 L (1A A I 11 - (1114 : 3 12 4 %€'01 Xt'tr 09 99/$94-¢ 19-32(1
YN v 6t [ 411 k8L 14 8¢’ - - - - - (1,14 9/e9d-¥ a4 (8-22Q
YN Le 66 99¢ Lot (41} o'y ofl - ot a4 %€ %08 L R4 1114 19/€9d-# [ el
N YN 90 " tot ore'Tl 44 069'C 087 - 0011 1 %ot b3 R 44 %L o +9/€94-¢ ts-2q
| - - - - - a sy %0'6 LLer o9 99/594-T @ L8-27q
, YN Ly 081 e 0f0's¢ st 079’6 (1A - ot a %se %t £y 09 99/$94-T Ls-%qa
YN 99T 000°'T L'y 061°101 (111 ST 06 - (14 7 X¥s'L L ANY) %X0s¢ 06 99/594-1 [A Bt
s (1224 Lo n se Ly (11N 24 6 L'y 111 1€ 66T L 1R AR 1N 14 11-5§ s8-dog
66 n set 60 n 9 o't 069"+ o8l (110 A ] 1+ LAN} €62 %0y %e'6 ULy 01-S§ s-dog
R e 00e'e sc 0o 186 008’101 L} oL'rt 0109 68°¢ 001'1L %£€01 £rst KL 06 60-§§ s8-dog
13 4 n ooz L9t oot'L Te6°' 11 000'FLY'E Le'e 00L'LE9 2 w [4.14 %9'97 L AN b2 ML ] 80-SS se-dog
s (124 L ] 0oL 1141 oLty €01 of0'Cl  HE €L SH %00 et %9'LE LO-§S s8-dog
(mdd) (ndd) () poL: () (] (o) (mddf) () (wdd) (ould) () voqiv)  spling MHOE 1234 1) vopiesoy g
J0LMOd W0d vunjongiq  veyorwaqid DOLVAIL M4 JOLNV4LT Hvdl o2 Kinosopy per] spvkiQ oinvjop 1rof,  ovowpeiq Suyjdreg
"0l 10y 1noL 1MoL fmog, 1viog "L [\ 8 ogsyyo

¥I1Y §9/B9 1914 941 U} WiR( |9 Juatagpog [N0Nng pa1asgog Jo Kswwms - p ojqey,



Vicinity Map

(:\

M e

SITE

See Figure 2

l‘l iz 8

E3 R B — "
w "‘ ; il':_ PR :1_‘ N e ﬁ Y jMERTTS —T 2 ': IMEI TR ' ‘.'—. m

A A T2 vaaaey <l § LA
2 H z N b N < - TS 3
ﬂ‘“ i ll-.l  eovn. man| = z ] P ,,-\! :55,;{

£oug. 2 < =tz il

oim C°"““"~Braa-< Moo= 2 T 5 g < Z o dphs - .333.&
) \-‘—-.\ — A Y manmsoe ) She- = € F i“"!-’ snann;so~ et
s> e ETIP ST 3 s o < - pe
Z b~ sjarres ¢.‘ <, Pt o g =y = Y
< cnnso vo | 8] ruomas ' | =l o 3| Tie-,
2z E) = ("’E"“".‘.’. .
Sz :[ seact @ R EEEEFEE P
wil D soww €0 mesour st = “x| & = ~t & & own]
SN A W K EERERE R
N\ DENNY ’:"7 sase "L 21 opwrer o jwe -
R A AN AN S

) 0‘ e R

5 B &

rd

£ mons

Q---;

=03

{
NAR!ON 7 "ST

cotl.uusu:.' P owys,

’f‘"‘“"CEA’S"‘RhL

sase S !U b -imx&Rﬁ .
- IEG "4 JEFFERSON! (b L
n GAR-

- xmingmng'rou T é £ TEHRLC’}ST;‘ "E.prgé
semvce | = ALDER :' LN
C’”’:J - it B
e KT«

: SEATrLE =
- I >
[ [Z DRy mers | |i" 23] wa
ﬂ% L :"'M‘i] ~ man| T
= JACKSON‘T‘h :

—1— S EARE
g {Ax \ o

Z MA§SAC USETITSN | 3 |
ol 2| § {STATE ST sl Sl '

= - S ] € loe |
put AND_ =z e | x(sT] \aasn)  iGRa
x|@ Lag 10 GATE Vol o TTSTI N S T HOLGAT
Bbma] 1 3 Lol B Nl

< i

§ . { 3[ S -ty zl mj.\"! | \ 3' J=
1 S0 o : ; " : z
m:m SE weienl Lot o NI
[ [u ” K o INL R B \__xl 5| 1CO..EGE ' = 1571 N 18
el > had Y <t .1 '—::‘}v,gx~_ Enl

0

-

2000

Scale in

Feet

| g ¢
[ 3

HARTCROWSER

J=-2854
Figure 1

8/90



Site and Exploration Plan
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Lead - 210 Activity Profiles
Pier 64/65 Cores BO1 and BO2
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Relationship between TS and TOC
Pier 64/65 Area Surficial Sediments
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Surficial Lead Concentrations Contour Map
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Surficial LPAH: TOC Concentrations Contour Map
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Surficial HPAH: TOC Concentrations Contour Map
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Composite Total LPAH Profile
Pier 64/65 Cores BO1 and BO2
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APPENDIX A
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FIELD EXPLORATION METHODS AND ANALYSIS

Introduction

This appendix documents the procedures Hart Crowser used in
collecting sediment samples and the deployment of sediment traps in
the location of former Pier 64/65. The discussion includes information
on the following subjects:

Introduction
Station Positioning
Diver Sediment Cores
Surface Sediment Sampling
Sediment Traps
Decontamination Procedures

Yy v v v v VY

Hart Crowser conducted the field work for this project in five segments.
The first segment, which occurred on May 8, 1990, consisted of
measuring and marking locations along the shoreline to be used as
reference points during sampling. The second segment consisted of
collecting diver sediment cores from two locations on May 9, 1990. The
third segment consisted of collecting extensive composite surface (Oto2
cm) grabs (16 point composites) within 100-foot grids in three locations
on June 5, 1990. On May 2, 1990, two sediment traps were deployed in
the Pier 64/65 area. On July 10, 1990, the sediment traps were
retrieved by divers for observation and analysis. Our field
representatives for the project were Clay Patmont and Mark
Herrenkohl.

Sunchasers, Inc., of Seattle, Washington supplied a diver (supplied air),
technician, and boat (24-foot-long) for in-place sediment sampling under
subcontract to Hart Crowser. Battelle Marine Sciences Laboratory of
Sequim, Washington, deployed and retrieved the sediment traps.
Analytical Technologies, Inc., of Renton, Washington; Eureka
Laboratories, Inc., of Sacramento, California; and Battelle Marine
Sciences Laboratory performed the chemical analyses on the sediment
samples collected during this study. In addition, Battelle Marine
Sciences Laboratory performed the Lead-210 dating on the sediment
cores. :
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The locations of the diver cores, composite surface grabs, and sediment
traps are shown on Figure 2. '

Sampling Location Positioning

Sampling location positioning was maintained by a combination of
navigational equipment including visual fixes with a range finder (Lietz
Model 600 Optical Tapemeasure), LORAN C, and water depth. In
addition, we attached a line from Pier 66 to Piers 62/63, 100 feet from
shore, and used it for reference.

Diver Sediment Cores

Diver collected sediment cores were obtained at two locations on the
property as shown on Figure 2. Coring locations were selected in areas
relatively free of development-related sediment disturbance (e.g., driven
pile), based on diver observations. Mark Rice of Sunchasers, Inc.,
(diver with supplied air) collected the sediment cores. Sediments were
collected by driving a 3%-foot-long, 3-inch-diameter stainless steel tube
with a 3%-foot-long, 3-inch-diameter cellose-acetate-butyrate insert into
the sediment interface. For each location, three cores were obtained
from a depth of three feet. Sediment recovery was reduced due to
compaction and sediment loss through the catcher. The sediment cores
were sealed in the field and taken back to Hart Crowser's soils
laboratory for extrusion, classification, sectioning, and compositing. The
sediment cores from each location were sectioned into the following
depths: 0to 4 cm, 4 to 8 cm, 8 to 14 cm, 14 to 20 cm, 20 to 30 cm, 30
to 40 cm, and 40 to 50 cm (HC-BO1 only). At each location the same
section from each of three cores was composited. A portion of each
composite sample was placed into a 4-ounce plastic jar (Lead-210
dating). The remaining sample was placed into two 16-ounce glass jars
with teflon-lined screw caps (for chemical analysis). The samples were
kept frozen until extraction and analysis by the laboratory. Sediment
descriptions for cores taken at each location are briefly described in
Table A-1 according to PSEP Protocols (PSEP, 1986) and ASTM

D 2488.

Page A-2
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Table A-1 - Description of Diver Cores

Sediment Location:

Sediment Penetration in centimeters:
Sediment Recovery in centimeters:
Sediment Classification:

Depth in Centimeters

0to 4

4t08

8to 14

14 to 20

20 to 30

30 to 40

Hart Crowser
J-2854

HC-BO1
90
475 - 56

Description

Gray to black, slightly sandy SILT with
abundant shell fragments, slight petroleum
sheen and odor (creosote), and slight sulfide
odor.

Black, slightly sandy SIL.T with moderate shell
fragments, slight petroleum sheen and odor
(creosote), and slight sulfide odor.

Black, slightly sandy SILT with scattered shell
fragments, strong petroleum sheen and odor
(creosote), and slight sulfide odor.

Black, slightly sandy SILT with abundant shell
fragments (including scattered 1-centimeter-long
barnacle shells), slight petroleum sheen and
odor (creosote), and increasing sulfide odor.

Black, slightly sandy SILT with scattered wood
fragments (up to 3-centimeters-long), moderate
shell fragments, slight petroleum sheen and odor
(creosote), and strong sulfide odor.

Black, slightly sandy SILT with abundant wood
fragments (up to 3-centimeters-long), and
moderate shell fragments, slight petroleum
sheen and odor (creosote), and decreasing
sulfide odor.
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Table A-1 - Continued

Depth_in Centimeters

40 to 50

Sediment Location:

Sediment Penetration in centimeters:

Sediment Recovery in centimeters:
Sediment Classification:

Depth in Centimeters

Oto 4

4108

8 to 14

14 to 20

20 to 30

Hart Crowser
J-2854

Description

Black, slightly sandy to sandy SILT with
scattered clam shells (3-centimeters-long), strong
petroleum sheen and odor (creosote), and slight
sulfide odor.

HC-B02

90
35t0 36

Description

Brown to gray, sandy SILT with a

'2-centimeter-long worm, abundant shell

fragments (predominately barnacle shells), and
slight petroleum odor (creosote).

Black, slightly sandy to sandy SILT with
abundant shell and wood fragments, strong
petroleum sheen and odor (creosote), and slight
sulfide odor.

Black, slightly sandy to sandy SILT with
moderate shell and wood fragments, strong
petroleum sheen and odor (creosote), and slight
sulfide odor.

Black, slightly sandy SILT with trace shell and
wood fragments, moderate petroleum sheen and
odor (creosote), and increasing sulfide odor.

Black, slightly sandy SILT with trace shell and
wood fragments, moderate petroleum sheen and
odor (creosote), and strong sulfide odor.
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Table A-1 - Continued

Depth in Centimeters ' Description
30 to 40 Black, slightly sandy SILT with trace shell and

wood fragments (one 4-centimeter-long,
3-centimeter-wide wood fragment), moderate
petroleum sheen and odor (creosote), and
decreasing sulfide odor.

Surface Sediment Sampling

We collected surface (0 to 2 cm) sediment samples from a 16-point grid
at three locations on the property as shown on Figure 2. Sediment was
collected from each location by a diver using 2-inch-diameter
cellose-acetate-butyrate tubes inserted into the sediment interface. For
each location, sixteen cores were obtained from a 100-foot by 100-foot
grid to a depth of approximately 6 inches. The top 2 centimeters of
each core was extruded into a 6-gallon stainless steel container and
homogenized with a stainless steel spoon. The homogenized sample
was then placed into two 16-ounce glass jars with teflon-lined screw
caps (for chemical analysis). Sediment descriptions for surface samples
collected at each location are briefly described in Table A-2 according
to PSEP Protocols (PSEP, 1986) and ASTM D 2438.

Table A-2 - Description of Surface Sediment

Sediment Location: HC-SS01

Sediment Description:

Black, slightly sandy to sandy SILT with moderate
to abundant shell fragments (predominantly
barnacle shells) and moderate petroleum sheen
and odor (creosote).

Sediment Location: HC-SS02

Sediment Description:

Black, slightly sandy to sandy SILT with moderate
to abundant shell fragments (predominantly
barnacle shells) and wood fragments, moderate
petroleum sheen and odor (creosote), and slight
sulfide odor.

Page A-5



Hart Crowser
J-2854

Table A-2 - Continued

Sediment Location: HC-SS03

Sediment Description: Brown to black, slightly silty to silty, fine to
medium SAND with moderate shell fragments
(predominately barnacle shells), scattered root
fragments, slight petroleum sheen and odor
(creosote), and slight sulfide odor.

Sediment Traps

Sediment traps constructed of 6-inch-diameter PVC pipe (15.5-cm-
diameter or 189 cm? opening) by 30-inch-long (76-cm) were deployed at
one location in Elliott Bay (near Pier 63) on May 2, 1990. Two pairs of
traps were deployed approximately 15 meters apart. The traps were
supported vertically in a wooden base that was weighted with bricks.
The traps had a baffle of 1 by 1-cm plastic grating to prevent large
organisms from entering the traps. Traps contained 1.2 L of dense salt
water (50 o/oo) and sodium azide (0.2%) as a preservative. Dye was
also added to the preservative so visual examination of the recovered
trap could determine whether the traps had been spilled or flushed.

The traps were recovered with scuba divers on July 10, 1990. The
overlying water was decanted and the dyed water containing the
sediments was transferred and composited from each pair of traps into
a precleaned glass jug and returned to the laboratory. The sediment
was centrifuged in teflon jars to remove excess water, weighed, and then
split for chemistry and percent solids determination by freeze drying.

Decontamination Procedures

Sampling and testing equipment were routinely decontaminated in the
field. Decontamination consisted of a scrub with detergent solution
(Alconox), followed by a tap water rinse, followed by a thorough spray
with deionized water.
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APPENDIX B
QUALITY ASSURANCE AND
LABORATORY DATA REPORTS

As part of the Pier 64/65 Sediment Study, Hart Crowser personnel
analyzed 11 sediment samples from three composite surface grabs and
two composite diver cores for total solids (method EP 160.1), total
volatile solids (method EPA 160.4), total organic carbon (method EP
9060), total lead (method SW 6010), total zinc (method SW 6010),
semivolatile organics (method SW 8270), and PCBs (method SW 8080).
In addition, selected samples were also analyzed for total calcium
(method SW 6010) total mercury (method SW 7471) and Lead-210
(alpha counting of granddaughter product Polonium-210 by Battelle
Marine Research Laboratory, Sequim). Samples were collected
between May 9, 1990, and July 10, 1990.

Upon receipt from the laboratory, all analytical results underwent a
Quality Assurance/Quality Control (QA/QC) review of laboratory and
sample handling procedures. Review on the analytical data was based
on protocols established by the Puget Sound Estuary Program (PSEP,
1986; 1989a; 1989b) and EPA Guidelines (EPA, 1988a; 1933b). In
addition to sample results, the laboratory data reports include QA/QC
data for laboratory reagent blanks or method blanks, surrogate spikes,
matrix spike and matrix spike duplicates (MS/MSD), and blank spike
samples.

In general, the analytical data were deemed acceptable for use in the
Pier 64/65 Sediment Study. A more detailed evaluation of data quality
is given below. ~

Detection Limits

Method detection limit goals specified by PSEP Protocols and EPA
Guidelines were met for each analyte tested. Elevated detection limits
were reported for several samples because of high analyte
concentrations and subsequent dilution and matrix interference (see
Case Narrative, Sediment Data Reports, Analytical Technologies, Inc.).
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Holding Times
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All samples were extracted and analyzed within the advised holding
times specified by PSEP Protocols.

Calibration
Initial and continuing calibration results for all analyses were within
PSEP and EPA acceptable limits.

Laboratory Reagent Blanks

Method or reagent blanks are analyzed to assess possible laboratory
contamination of samples associated with all stages of preparation and
analysis of sample extracts.

Organics. Reagent blanks were analyzed for semivolatile organics and
PCB analyses. One reagent blank was analyzed for each batch of
samples analyzed, for a total of two blanks per analysis. Contaminants
were not present in the reagent blank samples with the exception of
benzoic acid (estimated at 0.14 mg/kg) and di-n-butylphthalate
(estimated at 0.10 mg/kg) (semivolatile organics).

If a compound is found in a blank but not in the samples, no action is
taken. Benzoic acid was not detected in the sediment samples with the
exception of sample HC-B02/8-14. The benzoic acid result for this
sample was qualified with a B (i.e., found in blank).

Di-n-butylphthalate is a common field and laboratory contaminant at
low concentrations. For common lab contaminants, sample results
should be qualified by elevating the limit of detection when the sample
concentration is less than 10 times the blank concentration. Sample
concentrations of di-n-butylphthalate were not less than 10 times the
blank concentration. The concentration of di-n-butylphthalate detected
in sample HC-B02/8-14 (estimated at 0.72 mg/kg) was less than 10 times
the blank result. Consequently, at the discretion of the laboratory
reviewer, the sample was qualified with a B.

Inorganics. One method blank sample was analyzed for each batch of

samples analyzed for total organic carbon and total metals.
Contaminants were not present in the method blank samples.
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Surrogate Recoveries

Sample
HC-SS01

HC-SS02

HC-SS03
HC-B0Y/
40-50

HC-B02/
0-4

HC-B02/
30-40

Organics. Surrogates are added to samples prior to extraction and
analysis to monitor sample handling procedures, matrix effects, and
purging inefficiency. All surrogate recoveries were within EPA control
limits with the exception of the following:

alysis Surrogate Recovery
SW 8080  Dibutylchlorendate 0
SW 8270 2-Fluorobiphenyl 124
2,4,6-Tribromophenol 128
SW 8080 Dibutylchlorendate 0
SW 8080 Dibuatylchlorendate 0
SW-8270 2-Fluorobiphenyl 124
SW 8080 Decachlorobiphenyl 140
SW-8270 Terphenyl 160
SW-8270 2,4,6-Tribromophenol 2
SW 8080 Dibutylchlorendate 154
Decachlorobiphenyl 140

Based on PSEP Protocols and EPA Guidelines, if any two surrogates in
the base/neutral or acid fraction are out of specification, but have
recoveries greater than 10 percent, the positive results are considered
estimates (J) and negative results are flagged with the sample
quantitation limit as estimated (UJ). Consequently, base/neutral and
acid fraction results for sample HC-SS02 are considered estimates, and
may be biased high considering the elevated surrogate recoveries (124
to 128 percent).

At least one surrogate spike is required as a check on recovery of
pesticides and PCB mixtures (PSEP, 1989). Because one surrogate
recovery in each sample analyzed for PCBs was within control limits, no
further action was required.
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Inorganics. Surrogates were not required.
Matrix Spike/Matrix Spike Duplicate (MS/MSD)

Organics. MS/MSD data are generated to determine precision and
accuracy of the analytical method on a specific matrix (e.g, sediment).
Matrix spike samples are preferred as QC samples only in the absence
of a suitable reference material. A minimum of one MS/MSD pair is
required for each 20 samples analyzed per PSEP Protocols.

" A minimum of one MS/MSD pair was analyzed for each 20 samples
submitted to the laboratory (method SW 8270: 1 MS and 2 MS/MSD;
method SW 8080: 1 MS and 1 MS/MSD). Several matrix spike
recovery (%R) values were outside the PSEP Protocol control limits (50
- 150 %). An explanation for the poor matrix spike recoveries is
presented in the Case Narrative, Sediment Data Reports, Analytical
Technologies, Inc.

Inorganics. MS/MSD pairs were not required.
Blank or Reagent Spike Samples

Blank or reagent spike samples are method blanks spiked with
surrogate compounds and analytes. Such samples are useful in verifying
acceptable method performance prior to and during routine analysis of
samples. If a reference material is unavailable, a minimum of one
blank spike sample is required for each method used per PSEP
Protocols. ‘

Organics. A minimum of one blank spike sample was analyzed for
each chemical method. All blank spike recoveries were within EPA
control limits.

Inorganics. Two reagent spike samples were analyzed for each

chemical method. All reagent blank spike recoveries were within EPA
control limits. '

Chain of Custody

Proper chain of custody procedures were followed per PSEP Protocols
and EPA Guidelines.
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CONCLUSIONS
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These qualifications do not limit our ability to form reliable
interpretations of the entire data set.
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Corporate Office:

6790 FLORIN PERKINS ROAD
SACRAMENTO, CA 95828
TEL: (916) 381-7953
FAX: (916) 381-4013

EUREK4 LABORATORIES, INC.

Air Pollution
Chemical Analysis,
Research & Testing

Branch Office: Environmental Studxes
12121 NORTHUP WAY, SUITE 212 Robotics
BELLEVUE, WA 98005 Toxicology

TEL: (206) 885-0284
FAX: (206) 885-6162

June 14, 1990 _

Mr. Mark Herrenkohl

HART CROWSER, INC.

1910 Fairview Avenue East
Seattle, WA 98102-3699

Reference: ELI No: WO0-06-001
Project: Pier 64/65 Sediment Study
Job #: J-2854

Dear Mr. Herrenkohi:

Eureka Laboratories, Inc. is pleased to submit a laboratory report
for the subject task. This report presents analytical results for four (4)

sediment samples for the following analyses:

ANALYSIS METHOD
Lead EPA 6010
Zinc EPA 6010
SPY/pvc

Attachment

SAMPLE ID.

0-4, 8-14, 20-30, 40-50

same as above

Sincerely,
EUREKA LABORATORIES,, INC.

iy /
By: =71 T K- ‘Ld"‘“g e/

Shao-Pin Yo, Ph.D. ~T
Laboratory Director




EUREKA ABORATORIES, INC. Cremical Anaisi,

$ Research & Testing
Corporate Office: Branch Office: ‘Environmental Studies
6790 FLORIN PERKINS ROAD 12121 NORTHUP WAY, SUITE 212 Robotics
SACRAMENTO, CA 95828 BELLEVUE, WA 98005 Toxicology
TEL: (916) 381-7953 TEL: (206) 885-0284

181
FAX: (916) 381-4013 FAX: (206) 8 82 @ |2 ic § b
(916) ( )%ﬂg@\‘s\}\sé

/SER NG
June 26, 1990 HART-CRO\J@LR i

Mr. Mark Herrenkohl

HART CROWSER, INC.

1910 Fairview Avenue East
Seattle, WA 98102-3699

Reference: ELI No: WO0-06-006
Job #: J-2854
Project: Pier 64/65 Sediment Study

Dear Mr. Herrenkohl:
Eureka Laboratories, Inc. is pleased to submit a Taboratory report

for the subject project. This report presents analytical results for
three (3) sediment samples for the following analyses:

ANALYSIS METHOD SAMPLE ID.

Total Solids EPA 160.1 HC-SS01, HC-SS02, &
HC-SS03

Total Volatile EPA 160.4 same as above

Solids

Total Carbons EPA 9060 same as above

Zinc EPA 6010 - same as above

Lead EPA 6010 same as above

Mercury EPA 7471 same as above
Sincerely,

EUREKA LABORATORIES, INC.

v ([l v
Shao-Pin Yo, PH.D.
Laboratory Director

SPY/33
Attachment



EUREK4 IABORATORIES, INC. Cremica Aralysis,

Corporate Office:

6790 FLORIN PERKINS ROAD
SACRAMENTO, CA 95828

TEL: (916) 381-7953

FAX: (916) 381-4013

Mr. Mark Herrenkohl

HART CROWSER, INC.

1910 Fairview Avenue East
Seattle, WA 98102-3699

Reference: ELI No: WO0-07-001
Job #: J-2854

Research & Testing

Branch Office: Environmental Studies
12121 NORTHUP WAY, SUITE 212 Robotics
BELLEVUE, WA 98005 Toxicology

TEL: (206) 885-0284
FAX: (206) 885-6162

July 31, 1990

Project: Pier 64/65 Sediment Study

Dear Mr. Herrenkohl:

Eureka Laboratories, Inc. is pleased to submit a laboratory report
for the subject project. This report presents analytical results for
eight (8) sediment samples for the following analyses:

ANALYSIS METHOD

Total Solids and EPA 160.3
Total Volatile Solids EPA 160.4

Total Organic Carbons EPA 9060

Calcium, Lead, and EPA 6010
Zinc

SPY/33
Attachment

SAMPLE ID.

HC-B01-0-4, HC-B01-8-14,
HC-B01-20-30, HC-B01-40-50,
HC-B02-0-4, HC-B02-8-14,
HC-B02-20-30, HC-B02-30-40
same as above

same as above

Sincerely,
EUREKA LABORATORIES, INC.

By: SL‘“.‘/)‘: (//}\)

Shao-Pin Yo, Ph.D."
Laboratory Director
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J-2854

TOTAL SOLIDS AND
TOTAL VOLATILE SOLIDS






TOTAL SOLIDS
EPA Method 160.1

EUREKA LABORATORIES, INC. Order No: W0-06-006

6790 Florin-Perkins Road ' Hazardous Waste Testing

Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 06/08/1990

JOB #: J-2854 DATE EXTRACTED: 06/18/1990

PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/20/1990
DATE SAMPLED: 06/05/1990

SAMPLE 1D. % SOLID |

HC-SS01 55.1

HC-SS02 40.4

HC-SS03 60.4

June 26, 1990
Date




EUREKA LABORATORIES, INC.

6790 Florin-Perkins Road
Sacramento, CA 95828
(916) 381-7953

TOTAL VOLATILE SOLIDS
EPA Method 160.4

Order No: W0-06-006
Hazardous Waste Testing
Certification: 108

CLIENT: HART CROWSER
JOB #: J-2854

PROJECT: PIER 64/65 SEDIMENT STUDY

DATE RECEIVED:
DATE EXTRACTED:
DATE COMPLETED:
DATE SAMPLED:

06/08/1990
06/18/1990
06,/20/1990
06,/05/1990

SAMPLE 1D. % SOLID
HC-SS01 2.8
HC-5502 5.6
HC-SS03 3.0

/////June 26, 1990

Hung Nguye

v



TOTAL SOLIDS, EPA Method 160.3

and

TOTAL VOLATILE.SOLTﬁg, EPA Method 160.4

EUREKA LABORATORIES, INC.
6790 Florin-Perkins Road

Sacramento, CA 95828
(916) 381-7953

Order No: W0-07-001
Hazardous Waste Testing
Certification: 108

CLIENT: HART CROWSER
JOB #: J-2854

DATE RECEIVED: 07/03/1990
DATE EXTRACTED: 07/12/1990

PROJECT: PIER 64/65 SEDIMENT STUDY . DATE COMPLETED: 07/13/1990

DATE SAMPLED:  05/09/1990

SAMPLE ID.

HC-B01-0-4

HC-B01-8-14
HC-B01-20-30
HC-B01-40-50

HC-B02-0-4

HC-B02-8-14
HC-B02-20-30
HC-B02-30-40
HC-B01-20-30 DUPLICATE
HC-B01-20-30 TRIPLECATE

TS [% by weight] TVS [% by weight]

37.72 22.21
31.84 14.78
39.44 12.94
42.53 11.90
34.42 19.29
30.85 22.01
30.83 21.02
42.74 14.06
39.19 13.15
39.36 12.78

(V ;—A‘W// /(«;Ms? JU]Y 31, 1990

Cherry Leung / Date
Chemist



SUMMARY
TOTAL SOLIDS AND TOTAL VOLATILE SOLIDS

Heat evaporating disk at 104° C for one hour, then again at 5500 C for
one more hour. -

Cool disk and weigh.
Mix samples and transfer about 25 gm to disk. Weigh sample and disks.

Heat sample and disk to 104°C until weight of disk and sample at
constant weight. Record disk and dry sample.

Calculate Total Solids.
%1S = (weight of disk + dry sample) - weight of disk
(weight of disk + wet sample) - weight of disk
Place disk with dry sample to muffle furnace at 250° C for one hour,
then raise temperature to 550° C for 3 to 4 hours until disk and sample

at constant weight.

Cool and weigh disk and sample.
Calculation for Total Volatile Solids.

%TVS = (A - C) x 100

wt. of disk and dry sample at 1040C.
wt. of disk
= wt. of disk and dry sample at 550°C.

(L1}

W
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J-2854

- TOTAL ORGANIC CARBON
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TOTAL CARBONS
EPA METHOD 9060

EUREKA LABORATORIES, INC. Order No: W0-06-006

6790 Florin-Perkins Road Hazardous Waste Testing

Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 06/08/1990

JOB #: J-2854 DATE EXTRACTED: 06/12/1990

PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/13/1990
DATE SAMPLED: 06/05/1990

SAMPLE ID. CONCENTRATION [mg/Kg (ppm)]
HC-SS01 14600

HC-SS02 15300

HC-SS03 15200

METHOD BLANK <100

REAGENT SPIKE RECOVERY - 101%
REAGENT SPIKE RECOVERY DUPLICATE - 101%

DETECTION LIMIT: 100 [mg/Kg (ppm)]

,4@%/%\_, /%24&,L/\,___: June 26, 1990

“Abdou Mekebri Date
Chemist



TOTAL ORGANIC CARBONS
EPA METHOD 9060

EUREKA LABORATORIES, INC. Order No: W0-07-001

6790 Florin-Perkins Road Hazardous Waste Testing
Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 07/03/1990
JOB #: J-2854 DATE EXTRACTED: 07/09/1990
PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 07/25/1990

DATE SAMPLED:  05/09/1990

SAMPLE ID TOC CONTENT [mg/Kg (ppm)]
HC-B01-0-4 84,600 *
HC-B01-8-14 49,500 *
HC-B01-20-30 54,900
HC-B01-40-50 52,700
HC-B02-0-4 149,000 *
HC-B02-8-14 262,000 *
HC-B02-20-30 57,700 *
HC-B02-30-40 42,400
METHOD BLANK <100
DETECTION LIMIT: 100

[mg/Kg (ppm)]

REAGENT SPIKE RECOVERY - 102% **
REAGENT SPIKE RECOVERY DUP. - 105% **

* Estimated value only.

** Reagent spike set is used due to matrix interference.

ﬂ%m,%QL; July 31, 1990

//'Abdou Mekebri Date
Chemist




[84) += w [xN)
. . . .

SAMPLE PREPARATION

Mix sediment samples by spatula before weighing.
Weight 10 g in scintillation vial.
Centrifuge for 5 minutes, then remove H, 0 layer.
Dry samples in oven at 70°- 80°c.

Transfer approximately 0.5 g to a clean scintillation vial.
(Grind first.)

Add HCL drop by drop until not further effervescence.

Centrifuge for 5 minutes, then remove H, O layer.

2
Dry samples in oven at 70° - 80°cC.

Ready for TOC analysis.



NOTE:

Five sample concentrations were too high to be measured by EPA Method or
conventional sediment TOC Method (March 1986) which you have provided us.

We now use both your method and sediment dilution TOC Method provided by
Dohrman Manufacture which enabled us to obtain an estimate value within
+10%.
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TOTAL METALS
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ZINC
EPA METHOD 6010

EUREKA LABORATORIES, INC. Order No: W0-06-006

6790 Florin-Perkins Road Hazardous Waste Testing

Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 06/08/1990

JOB #: J-2854 DATE EXTRACTED: 06/16/1990

PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/20/1990
DATE SAMPLED:  06/05/1990

SAMPLE ID. UNITS [mg/Kg (ppm)]

HC-SS01 665

HC-SS02 1030

HC-SS03 306

METHOD BLANK  <2.5

REAGENT SPIKE RECOVERY - 93%
REAGENT SPIKE RECOVERY DUP. - 91%

DETECTION LIMIT: 2.5 [mg/Kg (ppm)]
Results are based on dry weight.

The detection 1imit for sediment is based on the dilution factor of 125.

225;2;,_/L72___~ June 26, 1990
J Hsu Date

Chemist




LEAD
EPA METHOD 6010

EUREKA LABORATORIES, INC. Order No: W0-06-006

6790 Florin-Perkins Road Hazardous Waste Testing
Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 06/08/1990
JOB #: J-2854 DATE EXTRACTED: 06/16/1990
PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/20/1990

DATE SAMPLED: 06/05/1990

SAMPLE 1D.  UNITS [mg/Kg (ppm)]

HC-SS01 486
HC-SS02 704
HC-SS03 420
METHOD BLANK <12.5

REAGENT SPIKE RECOVERY - 88% )
REAGENT SPIKE RECOVERY DUP. - 87%

DETECTION LIMIT: 12.5 [mg/Kg (ppm)]
Results are based on dry weight.

The detection 1imit for sediment is based on the dilution factor of 125.

cif;;%zha AL June 26, 1990

Jedn Hsu ° Date
Chemist




MERCURY
EPA METHOD 7471

EUREKA LABORATORIES, INC. Order No: W0-06-006

6790 Florin-Perkins Road Hazardous Waste Testing

Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 06/08/1990

JOB #: J-2854 DATE EXTRACTED: 06/16/1990

PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/20/1990
DATE SAMPLED: 06/05/1990

SAMPLE ID. UNITS [mg/Kg (ppm)]

HC-SS01 0.45

HC-SS02 0.60

HC-SS03 0.25

METHOD BLANK <0.013

DETECTION LIMIT: 0.013 [mg/Kg (ppm)]
Results are based on wet weight. ‘ -

The detection 1imit for sediment is based on the dilution factor of 125.

oo e June 26, 1990

Jegn Hsu Date
Chemist




EUREKA LABORATORIES, INC. Order No: W0-06-001
6790 Florin-Perkins Road Hazardous Waste Testing
Sacramento, CA 95828 Certification: 108
(916) 381-7953
CLIENT: HART CROWSER, INC. DATE RECEIVED: 06/01/1990
JOB #: J-2854 DATE EXTRACTED: 06/05/1990
PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 06/12/1990
‘ DATE SAMPLED: 05/09/1990
SAMPLE ID. LOCATION UNITS: [mg/Kg(ppm)](A)
LEAD ZINC
0-4 . : - 569 484
8-14 366 259
20-30 485 320
40-50 501 592
METHOD BLANK <12.5 <2.5
REAGENT SPIKE RECOVERY - 76% 74%
REAGENT SPIKE RECOVERY DUP. 75% 73%
DETECTION LIMIT: [mg/Kg(ppm)] 12.5 2.5

Low spike recovery due to matrix interference.
The detection 1imit for sediment is based on the dilution factor of 125.

(A) Based on dry weight

gmw YN June 14, 1990

Jaa@n Hsu Date
Chemist




CALCIUM, LEAD, AND ZINC
EPA METHOD 6010

EUREKA LABORATORIES, INC. Order No: W0-07-001

6790 Florin-Perkins Road Hazardous Waste Testing
Sacramento, CA 95828 Certification: 108

(916) 381-7953

CLIENT: HART CROWSER DATE RECEIVED: 07/03/1990
JOB #: J-2854 DATE EXTRACTED: 07/11-14/1990
PROJECT: PIER 64/65 SEDIMENT STUDY DATE COMPLETED: 07/17/1990

DATE SAMPLED:  05/09/1990

SAMPLE ID. UNITS [ma/Kg (ppm)]

CALCIUM LEAD ZINC
HC-B01-0-4 9880 - -
HC-B01-8-14 9260 - -
HC-B01-20-30 8880 - -
HC-B01-40-50 6800 - -
HC-B02-0-4 3860 1180 582
HC-B02-8-14 4210 705 283
HC-B02-20-30 7000 555 307
HC-B02-30-40 8500 1050 480
METHOD BLANK <12.5 <12.5 = <25
DETECTION LIMIT: [mg/Kg (ppm)] 12.5 12.5 25
REAGENT SPIKE RECOVERY 90% 88% 79%
REAGENT SPIKE RECOVERY DUP. 90% 89% 79%

These detection 1imits are based on the dilution factor of 125.

Tesie Baiambas— July 31, 1990
(Josie Quiambao™~~ Date

Chemist



DIGESTION PROCEDURE SUMMARY

Dry a representative portion of sediment overnight at 60° C. Grind to
100 mesh.

Weight 0.2 gram of dried sample into the decomposition vessel.
Add 0.5 ml. conc. HN03 .

In a fume hood, warm on a hot plate at low setting for about 30 minutes.
To aid digestion, add 5 drops of 30% HZ()Z

Cool to room temperature. Add 0.75 ml. conc. HCL and 3.0 ml. conc. HF.
Seal the digestion vessel.

Heat in an oven for 2 hours at 105%¢ - 130%¢cC.

Remove vessel from oven and cool to room temperature. Add 18 ml. of
2.5% boric ‘acid. Reseal vessel and return to oven at 105°C - 1300 ¢C
for one hour.

Remove vessel from oven and cool to room temperature. Filter and
quantitatively transfer contents to a 25 ml. volumetric flask and bring
to mark with deionized water.

The digestate is then ready for ICP analysis.
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J-2854

CHAIN OF CUSTODY
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):e é\: AnOIyTiCOITeChnologieS,lnC. 560 Naches Avenue, S.W.; Suite 104, Renton, WA 98055, (206) 226-8335

ATI I.D. # 9006-067

August 1, 1990

Hart Crowser, Inc.
1910 Fairview Avenue East
Seattle, WA 98102-3699

Attention : Mark Herrenkohl

Project Number : 2854

Project Name : Pier 64/65 Sediment Study

on June 8, 1990 Analytical Technologies, Inc. received three
sediment samples for analysis. The samples were analyzed with EPA
methodology or equivalent methods as specified in the attached

analytical schedule. The results, sample cross reference, and the
quality control data are enclosed.

.

ekl FduuihidtSf

, Dana M. Walker Frederick W. Grothkopp
~ Project Manager Technical Manager

FWG/elf
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ATI I.D. # 9007-025

August 7, 1990

Hart Crowser, Inc.
1910 Fairview Avenue E.
Seattle, WA 98102-3699

Attention : Mark Herrenkohl

Project Number : J-2854

Project Name : PIER 64/65 Sediment Study

On July 5, 1990 Analytical Technologies, Inc. received eight
sediment samples for analysis. The samples were analyzed with EPA
methodology or equivalent methods as specified 1in the attached

analytical schedule. The results, sample cross reference, and the
quality control data are enclosed.

‘DM.M Fiadloik b, 3ot borrfrn

Dana M. Walker Frederick W. Grothkopp
Project Manager Technical Manager

FWG/tc
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ATI I.D. # 9008-171

September 13, 1990

Hart Crowser, Inc.
1910 Fairview Avenue East
Seattle, WA 98102-3699

Attention : Mark Herrenkohl
Project Number : J-2854
Project Name : PIER 64/65 Sediment Study

on July 5, 1990 Analytical Technologies, Inc. received eight
sediment samples for analysis. The samples were analyzed with EPA
methodology or equivalent methods as specified in the attached
analytical schedule. The results, sample cross reference, and the
quality control were sent to you on August 7, 1990, under ATI
accession # 9007-025.

Three samples were reaccessioned for additional tests on August 22,
1990. Enclosed is the report for these additional analyses.

DU phbl

Dana M. Walker Frederick W. Grothkopp
Project Manager Technical Manager

FWG/hbb
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SAMPLE CROSS REFERENCE SHEET

CLIENT : HART CROWSER, INC.
PROJECT # T 2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY

ATTI # CLIENT DESCRIPTION DATE SAMPLED MATRIX

9006-067~1 HC-SS01 06/05/90 SEDIMENT
9006-067-2 HC-SS02 06/05/90 SEDIMENT
9006-067-3 HC-SS503 06/05/90 SEDIMENT
----- TOTALS —=-—-
MATRIX # SAMPLES
SEDIMENT 3

—— —— — ———— > "

The samples from this project will be disposed of in thirty (30) days
from the date of this report.  If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.

N
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SAMPLE CROSS REFERENCE SHEET

CLIENT :
PROJECT # : J-2854
PROJECT NAME :

HART CROWSER, INC.

PIER 64/65 SEDIMENT STUDY

ATI I.D. # 9007-025

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9007-025-1 0-4 HC-BO1 05/09/90 SEDIMENT
9007-025-2 8-14 HC-BO1 05/09/90 SEDIMENT
9007-025-3 20-30 HC-BO1 05/09/90 SEDIMENT
9007-025-4 40-50 HC-BO1 05/09/90 SEDIMENT
9007-025-5 0-4 HC-BO02 05/09/90 SEDIMENT
9007-025-6 8-14 HC-BO2 05/09/90 SEDIMENT
9007-025-7 20-30 HC-BO02 05/09/90 SEDIMENT
9007-025-8 30-40 HC-BO2 05/09/90 SEDIMENT
----- TOTALS =-————
MATRIX # SAMPLES
SEDIMENT 8

ATI STANDARD DISPOSAL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of +this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.
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ATI I.D. # 9008-171

SAMPLE CROSS REFERENCE SHEET

CLIENT : HART CROWSER, INC.
PROJECT # : J-2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY
ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9008-171-1 8-14 HC-BO1 05/09/90 SEDIMENT
9008-171-2 8-14 HC-B02 05/09/90 SEDIMENT
9008-171-3 20-30 HC-B02 05/09/90 SEDIMENT
----- TOT. —
MATRIX # SAMPLES
SEDIMENT 3

ATI STANDARD DISPOSAL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of <this report. @ If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.

~

N

L
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CLIENT
PROJECT #
PROJECT NAME

2854

ANALYTICAL SCHEDULE

HART CROWSER, INC.

PIER 64/65 SEDIMENT STUDY

ANALYSIS TECHNIQUE REFERENCE LAB
SEMI-VOLATILE COMPOUNDS GCMS EPA 8270 R
- POLYCHLORINATED BIPHENYLS
(PCBs) GC/ECD EPA 8080
TOTAL SOLIDS GRAVIMETRIC METHOD 7-2.2

w SD

PNR
FC
SUB

ATI - Renton

ATI - San Diego
ATI - Tempe

ATI - Pensacola
ATI - Fort Collins
Subcontract
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CLIENT

PROJECT #
PROJECT NAME

ANALYTICAL SCHEDULE

HART CROWSER, INC.

: J=-2854

PIER 64/65 SEDIMENT STUDY

ATI I.D. # 9007-025

ANALYSIS TECHNIQUE REFERENCE LAB
SEMI-VOLATILE COMPOUNDS GCMS EPA 8270 R
POLYCHLORINATED
BIPHENYLS (PCBs) GC/ECD EPA 8080 R
GRAVIMETRIC EPA 160.3 R

TOTAL SOLIDS

SD

PNR
FC

ATI - Renton

ATI - San Diego
ATI - Tempe

ATI -~ Pensacola
ATI - Fort Collins
Subcontract
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ATI I.D. # 9008-171
ANALYTICAL SCHEDULE
CLIENT : HART CROWSER, INC.
PROJECT # : J-2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY
ANALYSIS TECHNIQUE REFERENCE LAB
TOTAL ORGANIC CARBON TOC ANALYZER EPA 9060 SD

SD

PNR
FC
SUB

i unn

ATI
ATI
ATI
ATI
ATI

- Renton

- San Diego

- Tempe

- Pensacola

- Fort Collins

Subcontract
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T

August 16, 1990

Hart Crowser
1910 Fairview Avenue E.
Seattle, WA 98102-3699

Attention: Mark Herrenkohl
Project Number: 2854

Project Name: PIER 64/65 Sediment Study

Case Narrative for 9006-067 and 9007-025

Sediments received by Analytical Technologies, Inc. (ATI) for the
above-mentioned accession numbers were extracted and analyzed
following the Puget Sound Estuary Program (PSEP). Two analytical
test methods were initially requested: Polyaromatic Hydrocarbons
(PAHs) by EPA 8270 GC/MS and Polychlorinated Biphenyls (PCBs) by
EPA 8080.

Prior to the description of analytical methods performed on the
samples, a comparison and explanation of why two sets of PAH data
for 9006-067 were generated should be addressed. After the samples
were received by the laboratory, the PAH request was modified to
a full 8270 target list. Due to a communication problem within the
laboratory the samples were extracted and cleaned up for the PAH
only analysis. The primary difference between the two preps is in
the PAH prep, silica gel cleanup is performed whereas for the 8270
full 1list, no silica gel cleanup is done. At this point the
communication gap was closed and the samples were rextracted for
the full 8270 target list. The results, in general, showed higher
target PAH concentrations for the extracts that had been passed
through silica gel as compared with the extracts that had not been
passed through silica gel. We believe that the explanation for
this is because of the higher concentration of polar interferences
(silica gel would remove these materials) in the samples not
cleaned up with silica gel. The presence of these polar materials
was even evidenced by the color of the final extracts: opaque,
dark brown to black for the extracts not treated with silica gel
versus a transparent, slightly fluorescent yellow for silica gel
treated extracts. It is our contention that the silica gel cleanup
produced a better set of data for the PAHs compared to the extracts

560 Naches Avenue, S.W . Suite 101, Renton, WA 980885, (206) 228-8335
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not treated with silica gel.

The following constitutes a brief summary of the preparative and
instrumental techniques followed for both 9006-067 and 9007-025:
For the 8270 analysis a 100 g (for 9007-025 a 50 g sample was used)
sample was splked with surrogates and then extracted with methylene
chloride using a soxhlet extractor for 18 hours. The resulting
extract was passed through sodium sulfate and concentrated to 10
ml. The 10 ml extract had a GPC cleanup performed and the
resultant eluant was concentrated to a final volume of 1 ml. A 200
ul aliquot of the 1 ml extract was spiked with internal standards
and transferred to an autosampler vial. The GC/MS was calibrated
using a 5-point curve (20-160 ug/ml) and the MS tuned against DFTPP
as per 8270. A daily 50 ug/ml calibration standard was run and all
samples were quantitated against this standard. A 1 ul aliquot
was injected into the GC for both samples and standards. Due to
the high levels of PAHs in the samples, repeated runs of each
extract were necessary to properly bracket the target
concentrations within the calibration curve.

For the 8080 PCB analysis a 100 g sample (for 9007-025, a 50 g
sample was used) was spiked with surrogates and then extracted with
methylene chloride using a soxhlet extractor for 18 hours. The
resulting extract was passed through sodium sulfate and
concentrated to 10 ml. The 10 ml extract was cleaned up using GPC
and then solvent replaced to hexane. The extract was then cleaned
for GC/ECD interferences using Florisil. After reconcentrating,
the extract had sulfur removed using TBA-sulfite, and flnally a
concentrated sulfuric acid cleanup to remove interfering organics.
The final extract volume in hexane was 10 ml. The electron capture
detector was calibrated at 5 points, a continuing calibration
standard was run both to verify the calibration and to quantitate
unknowns. Five discrete peaks were used to quantitate the PCBs.
The analysis was a dual column method. An aliquot of the sample
was simultaneously injected on both columns. The primary
quantitation column was a 30 m DB-608 capillary, the secondary
column was a 30 m DB-5 capillary. Each extract was run at least
twice on each column both to bracket the concentration of the
unknown within the calibration curve and to reduce the affects of
the still present interferences.

Discussion:

The MS/MSD for the 8270 analysis showed poor recoveries for the
spiked compounds due to the necessary dilutions and because of the
presence of targets already in the sample. However, surrogate
recoveries for all samples were well within normal recovery limits.
Also, a matrix blank spike was run following the same extraction
protocol as the samples and good results were obtained. Finally,
some comment should be made regarding the reported detection

SR e aEA o e o e
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limits. Because all of the samples had very high percent moistures
(low total solids), both the reported values for the targets found
in the samples and the detection 1limits themselves have been
elevated much higher than for usual sediments. Most sediments have
percent total solids of around 50% (Table 4, page 8 in the PSEP
guidelines). The sediments in 9006-067 and 9007-025 had percent
total solids of around 20-40 percent. In the worst cases,
detection limits and targets will be increased by a factor of five
or more over wet weight results. Therefore, the data must be
viewed in the context of what the total soils were for each of the
samples.

For the PCB analyses, MS/MSD results were also affected by the
matrix and the presence of relatively high (as compared to the
spiking levels) PCBs levels already in the samples. In general,
surrogate recoveries for the samples were within normal limits.
In 9006-067, the dibutylchlorendate recoveries were adversely
affected by the higher level of interferences present than in the
9007-025 sample set. This was a result of the larger sample sizes
used in the 9006-067 set. Also, it should be noted that the
identification of the PCBs, specifically PCB 1254, in the 9006-067
sample set is an judgment call. In the 9007-025 sample set,
because the level of interferences had been greatly reduced, the
identification was much easier to make and it is felt it is a more
accurate assessment.

Should there be any further questions regarding the analytical
results, please feel free to call.

Dana Walker

Project Manager
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, ATI I.D. # 9006-067

GENERAL CHEMISTRY RESULTS

CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT -
PROJECT # : 2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS t %
B ATI I.D.# CLIENT I.D. TOTAL SOLIDS
9006-067-1 HC-SS01 34
9006-067-2 HC-SS02 48

9006-067-3 HC-5S03 51



)ﬁ\: AnclyticalTechnologies,inc. ' ATI I.D. # 9007-025

GENERAL CHEMISTRY RESULTS

CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT
PROJECT # : J-2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS : % SOLIDS
ATI I.D.# CLIENT I.D. TOTAL SOLIDS

9007-025-1 0~-4 HC-BOl 22

9007-025-2 8-14 HC-BO1l 19

9007-025-3 20-30 HC-BO1 35

9007-025~-4 40-50 HC-BO1 42

9007-025-5 0-4 HC-BO2 34

9007-025-6 8-14 HC-BO2 31

9007-025-7 20-30 HC-BO2 34

9007-025-8 30-40 HC-BO2 38

s



)&\,AnolyricolTechnologies,lnc. ATI I.D. # 9006-067
GENERAL CHEMISTRY QUALITY CONTROL
CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT
PROJECT # : 2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS : %
ATI SAMPLE DUP SPIKED SPIKE %
PARAMETER I.D. RESULT RESULT RPD RESULT ADDED REC
MOISTURE 9006-062-2 9.5 10 5 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)

RPD (Relative %

Difference) =

Spike Concentration

X 100

(Sample Result - Duplicate Result)

X 100

Average Result
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GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT

PROJECT # : J-2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS : % SOLIDsS
ATI SAMPLE DUP SPIKED SPIKE %

PARAMETER I.D. RESULT RESULT RPD - RESULT ADDED REC

TOTAL SOLIDS 9007-025~7 34 33 3 N/A N/A N/A

¥ Recovery = (Spike Sample Result - Sample Result)
X 100

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)
X 100

Average Result
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ATI I.D. # 9008-171

GENERAL CHEMISTRY RESULTS

CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT
PROJECT # ¢ J-2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS : mg/Kg
ATI I.D.# CLIENT I.D. TOTAL ORGANIC CARBON

9008-171-1 ' 8-14 HC-BO1 ‘ 56,900

9008-171-2 8-14 HC-BO2 86,900

9008-171-3 20-30 HC-BO2 82,800



)! \g AncivticalTechnologies,Inc.

ATI I.D. # 9008-171

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : HART CROWSER, INC. SAMPLE MATRIX : SEDIMENT
PROJECT # : J-2854
PROJECT NAME : PIER 64/65 SEDIMENT STUDY UNITS : mg/Kg

ATI " SAMPLE DUP SPIKED SPIKE % -
PARAMETER I.D. RESULT RESULT RPD RESULT ADDED REC ’
TOTAL
ORGANIC 00840202 43,600 44,900 3 49,100 8,330 58
CARBON -

% Recovery = (Spike Sample Result - Sample Result)

X 100

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

X 100

Average Result
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ATI I.D. # 9006-067-1

SEMI-VOLATILE ORGANICS ANALYSIS

DATA SUMMARY

~

DATE SAMPLED : 06/05/90
DATE RECEIVED : 06/08/90
DATE EXTRACTED : 07/03/90
DATE ANALYZED : 07/11/90
UNITS : mg/Kg

DILUTION FACTOR

CLIENT : HART CROWSER, INC.
PROJECT # : 2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY
CLIENT I.D. : HC-SS01

SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 (PSEP)
RESULTS BASED ON DRY WEIGHT
COMPOUND

N-NITROSODIMETHYLAMINE

PHENOL

ANILINE

BIS (2-CHLOROETHYL) ETHER
2-CHLOROPHENOL
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL

BIS (2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID

BIS (2-CHLOROCETHOXY)METHANE
2,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4-CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL

CONTINUED NEXT PAGE

J = Estimated value.
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ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

INC.

PIER 64/65 SEDIMENT STUDY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

CLIENT : HART CROWSER,
PROJECT # : 2854

PROJECT NAME :

CLIENT I.D. : HC-SSO0l
SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 (PSEP)
RESULTS BASED ON DRY WEIGHT
COMPOUND

DIBENZOFURAN

2,4-DINITROTOLUENE
2, 6-DINITROTOLUENE
DIETHYLPHTHALATE
4~CHLOROPHENYL-PHENYLETHER
FLUORENE

4-NITROANILINE

4, 6~DINITRO-2-METHYLPHENOL
N-NITROSODIPHENYLAMINE
4-BROMOPHENYL~PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a) ANTHRACENE

BIS (2-ETHYLHEXYL) PHTHALATE
CHRYSENE
DI-N-OCTYLPHTHALATE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
INDENO (1,2, 3~cd) PYRENE
DIBENZ (a,h, ) ANTHRACENE
BENZO(g,h, i) PERYLENE

RESULT

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5
2-FLUOROBIPHENYL
TERPHENYL-d14
PHENOL-d6
2-FLUOROPHENOL

2,4 ,6-TRIBROMOPHENOL

J = Estimated value.

44
62
100
52
48
56

9006-067-1

6o o6 o0 0t 00 s

06/05/90
06/08/90
07/03/90
07/11/90
mg/Kg

w/
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-SS01 ’ DATE ANALYZED : 07/11/90
SAMPLE MATRIX : SEDIMENT , UNITS . mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
SCAN ESTIMATED

COMPOUND NUMBER CONCENTRATION
OXYGENATED HYDROCARBON 342 11
BRANCHED UNSATURATED

HYDROCARBON 1272 3.0
OXYGENATED HYDROCARBON 1307 3.4
SATURATED ALKANE 1453 2.1
BRANCHED AROMATIC HYDROCAREBON 1492 1.3
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SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-SS02 DATE ANALYZED : 07/30/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEDP) DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <2.1

PHENOL <2.1

ANILINE <2.1

BIS (2~-CHLOROETHYL) ETHER <2.1

2-CHLOROPHENOL <2.1
1,3-DICHLOROBENZENE <2.1
1,4-DICHLOROBENZENE <2.1

BENZYL ALCOHOL <2.1
1,2-DICHLOROBENZENE <2.1

2-METHYLPHENOL <2.1

BIS (2-CHLOROISOPROPYL)ETHER <2.1

4~METHYLPHENOL <2.1
N-NITROSO-DI-N-PROPYLAMINE <2.1

HEXACHLOROETHANE <2.1

NITROBENZENE <2.1

ISOPHORONE <2.1

2-NITROPHENOL <2.1

2, 4-DIMETHYLPHENOL <2.1

BENZOIC ACID 0.69 J

BIS (2-CHLOROETHOXY) METHANE <2.1

2,4-DICHLOROPHENOL <2.1

1,2, 4-TRICHLOROBENZENE o <2.1

NAPHTHALENE 3.3
4-CHLOROANILINE <2.1
HEXACHLOROBUTADIENE <2.1
4~-CHLORO-3-METHYLPHENOL <2.1
2~METHYLNAPHTHALENE 1.2 J
HEXACHLOROCYCLOPENTADIENE <2.1
2,4,6-TRICHLOROPHENOL <2.1
2,4,5~-TRICHLOROPHENOL <11

2-CHLORONAPHTHALENE <2.1

2~-NITROANILINE <11

DIMETHYLPHTHALATE <2.1

ACENAPHTHYLENE 1.7 J
3-NITROANILINE <11

ACENAPHTHENE 2.4
2,4-DINITROPHENOL <11

4-NITROPHENOL <11

- CONTINUED NEXT PAGE

J = Estimated wvalue.
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SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-SS02 DATE ANALYZED : 07/30/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 1.6 J
2,4-DINITROTOLUENE <2.1 -
2,6-DINITROTOLUENE <2.1

DIETHYLPHTHALATE <2.1
4-CHLOROPHENYL-PHENYLETHER <2.1

FLUORENE 5.0

4-NITROANILINE <11

4 ,6-DINITRO-2-METHYLPHENOL <11
N-NITROSODIPHENYLAMINE <2.1
4-BROMOPHENYL-PHENYLETHER <2.1

HEXACHLOROBENZENE <2.1

PENTACHLOROPHENOL <11

PHENANTHRENE 20

ANTHRACENE . 31
DI-N-BUTYLPHTHALATE <2.1

FLUORANTHENE 33

BENZIDINE <21

PYRENE 48
BUTYLBENZYLPHTHALATE <2.1
3,3-DICHLOROBENZIDINE <4.2

BENZO (a) ANTHRACENE 32

BIS (2-ETHYLHEXYL) PHTHALATE 1.6 J

CHRYSENE 27
DI-N-OCTYLPHTHALATE . <2.1

BENZO (b) FLUORANTHENE 11

BENZO (k) FLUORANTHENE 32

BENZO (a) PYRENE 17

INDENO(1,2,3-cd) PYRENE 7.7

DIBENZ (a,h, ) ANTHRACENE 2.9

BENZO(g,h, i) PERYLENE ) 8.1

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 96
2-FLUOROBIPHENYL 124 *
TERPHENYL-d14 136
PHENOL-d6 92
2-FLUOROPHENOL 104
2,4, 6-TRIBROMOPHENOL 128 *

* Out of limits due to matrix interference and dilution.
J = Estimated wvalue.
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-5s02 DATE ANALYZED : 07/30/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION

——— - D D TS W Y S ————————— ——— — W ——— —. . " ———— " T - —— " W W U ——— - - " T — Y —— o - -

OXYGENATED BRANCHED

HYDROCARBON 1281 8.2
AROMATIC HYDROCARBON 1445 6.8
BENZOFLUORENE ISOMER 1483 11
BENZOFLUORENE ISOMER 1494 12

C20 CYCLIC AROMATIC 1851 9.3



é AnaivticaiTechnologies,inc.

ATI I.D. # 9006-067-3

SEMI-VOLATILE ORGANICS ANALYSIS

CLIENT : HART CROWSER, INC.
PROJECT # : 2854
PROJECT NAME :
CLIENT I.D. : HC-SS03
SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270 (PSEP)
®)

RESULTS BASED ON DRY WEIGHT

DATA SUMMARY

PIER 64/65 SEDIMENT STUDY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED"
UNITS

DILUTION FACTOR

06/05/90
06,/08/90
07/03/90
07/17/90
mg/Kg

10

06 26 e o0 ee s

COMPOUND

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE

BIS (2-CHLOROETHYL) ETHER
2-CHLOROPHENOL
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL

BIS (2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID

BIS (2-CHLOROETHOXY)METHANE
2,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4-CHLORO~-3-METHYLPHENOL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLCROPHENOQOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL

<4.0
<4.0
<4.0
<4.0 "
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<4.0
<20
<4.0
<4.0
<4.0
1.8 J
<4.0
<4.0
<4.0
0.50 J
<4.0
<4.0
<20
<4.0
<20
<4.0
2.6 J
<20
1.9 J
<20
<20

CONTINUED NEXT PAGE

J = Estimated value.



é\: AnavticaiTechnologies,inc. ATI I.D. # 9006-067-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-SS03 DATE ANALYZED : 07/17/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) . DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 1.8 J
2,4-DINITROTOLUENE <4.0

2, 6-DINITROTOLUENE <4.0

DIETHYLPHTHALATE <4.0
4-CHLOROPHENYL-PHENYLETHER <4.0

FLUORENE 3.9 J
4-NITROANILINE <20
4,6-DINITRO-2-METHYLPHENOL <20
N-NITROSODIPHENYLAMINE <4.0 "
4-BROMOPHENYL-PHENYLETHER <4.0

HEXACHLOROBENZENE <4.0

PENTACHLOROPHENOL <20

PHENANTHRENE 43

ANTHRACENE 5.9
DI-N-BUTYLPHTHALATE <4.0

FLUORANTHENE 57

BENZIDINE <40

PYRENE 54
BUTYLBENZYLPHTHALATE <4.0

3,3-DICHLOROBENZIDINE <8.0

BENZO (a) ANTHRACENE 10

BIS (2-ETHYLHEXYL) PHTHALATE 1.5 J

CHRYSENE 18
DI-N-OCTYLPHTHALATE , <4.0

BENZO (b) FLUORANTHENE 8.4

BENZO (k) FLUORANTHENE . <4.0

BENZO (a) PYRENE 7.2

INDENO(1,2,3-cd) PYRENE 3.2 J

DIBENZ (a,h, ) ANTHRACENE <4.0

BENZO (g, h, i) PERYLENE <4.0

SURROGATE PERCENT RECOVERIES

NITROBENZENE-Ad5 43

2-FLUOROBIPHENYL 64

TERPHENYL-d14 114

PHENOL-d6 . 44 .
2-FLUOROPHENOL 42

2,4 ,6-TRIBROMOPHENOL 48

J = Estimated wvalue.

o



)! A\ AnalyticalTechnologies,Inc. ATI I.D. # 9006-067-3

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : HC-SS03 DATE ANALYZED : 07/17/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT :

SCAN ' ESTIMATED
COMPOUND NUMBER CONCENTRATION
BRANCHED AROMATIC HYDROCARBON 1249 12
UNSATURATED HYDROCARBON 1263 12
SATURATED ALKANE 1432 30
AROMATIC HYDROCARBON 1464 12

SUBSTITUTED AROMATIC ‘
HYDROCARBON 1553 12



)f !\, Ana, o Technologies,inc. - ATI I.D. # 9007-025-1

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 0-4 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP : DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <4.6

PHENOL <4.6

ANILINE <4.6

BIS (2-CHLOROETHYL) ETHER <4.6

2-CHLOROPHENOL . <4.6
1,3-DICHLOROBENZENE - <4.6

1, 4-DICHLOROBENZENE <4.6

BENZYL ALCOHOL <4.6
1,2-DICHLOROBENZENE <4.6

2-METHYLPHENOL <4.6

BIS (2-CHLOROISOPROPYL) ETHER <4.6

4-METHYLPHENOL <4.6
N=-NITROSO~DI-N-PROPYLAMINE <4.6

HEXACHLOROETHANE <4.6

NITROBENZENE <4.6

ISOPHORONE <4.6

2-NITROPHENOL <4.6

2, 4-DIMETHYLPHENOL <4.6

BENZOIC ACID <23

BIS (2-CHLOROETHOXY) METHANE <4.6
2,4-DICHLOROPHENOL <4.6
1,2,4-TRICHLOROBENZENE <4.6

NAPHTHALENE 5.4
4~CHLOROANILINE <4.6
HEXACHLOROBUTADIENE <4.6
4-CHLORO-3-METHYLPHENOL <4.6
2-METHYLNAPHTHALENE 2.6 J
HEXACHLOROCYCLOPENTADIENE <4.6 '
2,4,6-TRICHLOROPHENOL <4.6
2,4,5-TRICHLOROPHENOL <23

2-CHLORONAPHTHALENE <4.6

2~NITROANILINE <23

DIMETHYLPHTHALATE <4.6

ACENAPHTHYLENE 3.6 J
3-NITROANILINE <23

ACENAPHTHENE 3.1 3
2,4-DINITROPHENOL <23

4-NITROPHENOL A <23

CONTINUED NEXT PAGE

J = Estimated value.



)| !\, Ananvtical Technologies,inc.

ATI I.D. # 9007-025-1
SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)
CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 0-4 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT '
COMPOUND RESULT
DIBENZOFURAN 2.8 J
2,4-DINITROTOLUENE <4.6 .
2, 6-DINITROTOLUENE <4.6
DIETHYLPHTHAIATE <4.6
4-CHLOROPHENYL-PHENYLETHER <4.6
FLUORENE 8.8
4-NITROANILINE <23
4 ,6-DINITRO-2-METHYLPHENOL <23
N-NITROSODIPHENYLAMINE <4.6
4-BROMOPHENYL-PHENYLETHER <4.6
HEXACHLOROBENZENE <4.6
PENTACHLOROPHENOL <23
PHENANTHRENE 41
ANTHRACENE 44
DI-N-BUTYLPHTHALATE <4.6
FLUORANTHENE 87
BENZIDINE <46
PYRENE 81
BUTYLBENZYLPHTHALATE <4.6
3,3-DICHLOROBENZIDINE <9.3
BENZO (a) ANTHRACENE 48
BIS (2-ETHYLHEXYL) PHTHALATE 1.8 J
CHRYSENE 52
DI-N-OCTYLPHTHALATE <4.6
BENZO (b) FLUORANTHENE <4.6
BENZO (k) FLUORANTHENE 85
BENZO (a) PYRENE 42
INDENO(1,2,3-cd) PYRENE 13
DIBENZ (a,h, ) ANTHRACENE 5.2
BENZO(g,h, i) PERYLENE 13
SURROGATE PERCENT RECOVERIES
NITROBENZENE-d5 66
2-FLUOROBIPHENYL 98
TERPHENYL-d14 88
PHENOL-d6 60
2~-FLUOROPHENOL 48
2,4 ,6-TRIBROMOPHENOL 66

J = Estimated value.



)! A\, AnalyticalTechnologies,Inc.

ATI I.D. #

SEMI-VOILATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

9007-025-1

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 0-4 HC-BOl DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS. : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
BRANCHED AROMATIC HYDROCARBON 1289 26
Cl7 CYCLIC
AROMATIC HYDROCARBON 1491 28
Cl7 CYCLIC
AROMATIC HYDROCARBON 1502 24
UNKNOWN 1832 30
UNKNOWN 2057 31



‘A_k, Anan icaiTechnologies,inc.

SEMI-VOLATILE ORGANICS
DATA SUMMARY

CLIENT HART CROWSER, INC.
PROJECT # J-2854

PROJECT NAME

CLIENT I.D. 8-14 HC-BOl

EPA METHOD 8270 PSEP

SAMPLE MATRIX : SEDIMENT
RESULTS BASED ON DRY WEIGHT

PIER 64/65 SEDIMENT STUDY

ATI I.D.

ANALYS

DATE SAMPLED

DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED

UNITS

DILUTION FACTOR

IS

# 9007-025-2

05/09/90
07/05/90
07/13/90
07/23/90
gg/Kg

e 48 0 83 00 Wb

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <5.4

PHENOL <5.4
ANILINE <5.4

BIS (2-CHLOROETHYL) ETHER <5.4
2-CHLOROPHENOL <5.4
1,3-DICHLOROBENZENE <5.4

1, 4-DICHLOROBENZENE <5.4

BENZYL ALCOHOL <5.4
1,2~-DICHLOROBENZENE <5.4
2-METHYLPHENOL . <5.4

BIS (2-CHLOROISOPROPYL) ETHER <5.4
4~-METHYLPHENOL <5.4
N-NITROSO-DI-N-PROPYLAMINE <5.4
HEXACHLOROETHANE <5.4
NITROBENZENE <5.4
ISOPHORONE <5.4
2~-NITROPHENOL <5.4
2,4-DIMETHYLPHENOL <5.4
BENZOIC ACID <27

BIS (2-CHLOROETHOXY) METHANE <5.4
2,4-DICHLOROPHENOL <5.4
1,2,4-TRICHLOROBENZENE <5.4
NAPHTHALENE 4.1 J )
4-CHLOROANILINE <5.4
HEXACHLOROBUTADIENE <5.4
4-CHLORO-3-METHYLPHENOL <5.4
2-METHYLNAPHTHALENE 1.3 J
HEXACHLOROCYCLOPENTADIENE <5.4
2,4,6-TRICHLOROPHENOL <5.4

2,4 ,5-TRICHLOROPHENOL <27
2-CHLORONAPHTHALENE <5.4
2-NITROANILINE <27
DIMETHYLPHTHALATE <5.4
ACENAPHTHYLENE 1.1 J
3-NITROANILINE <27
ACENAPHTHENE 2.7 J
2,4=-DINITROPHENOL <27
4-NITROPHENOL <27

CONTINUED NEXT PAGE

J = Estimated value.



)! A\ Ancn e Technologies,inc. ATI I.D. # 9007-025-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 8-14 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN : 2.8 J

2, 4~-DINITROTOLUENE <5.4

2, 6-DINITROTOLUENE <5.4

DIETHYLPHTHALATE <5.4
4-CHLOROPHENYL~PHENYLETHER <5.4

FLUORENE 8.7

4-NITROANILINE <27

4, 6-DINITRO-2-METHYLPHENOL <27
N-NITROSODIPHENYLAMINE <5.4
4-BROMOPHENYL-PHENYLETHER <5.4

HEXACHLOROBENZENE <5.4

PENTACHLOROPHENOL <27

PHENANTHRENE 27

ANTHRACENE 38
DI-N~-BUTYLPHTHALATE <5.4

FLUORANTHENE 43

BENZIDINE <54

PYRENE 100
BUTYLBENZYLPHTHALATE <5.4

3,3-DICHLOROBENZIDINE <11

BENZO (a) ANTHRACENE 37

BIS (2-ETHYLHEXYL) PHTHALATE 2.2 J

CHRYSENE ‘ 56
DI-N-OCTYLPHTHALATE <5.4

BENZO (b) FLUORANTHENE 43

BENZO (k) FLUORANTHENE 52

BENZO (a) PYRENE 39

INDENO(1,2,3~-cd) PYRENE 18

DIBENZ (a,h, ) ANTHRACENE 7.1

BENZO(g,h, 1) PERYLENE 19

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5S 78
2-FLUOROBIPHENYL 116
TERPHENYL-d14 110
PHENOL-d6 42
2-FLUOROPHENOL - 52
2,4, 6-TRIBROCMOPHENOL 52

J = Estimated value.



N )! A\, AnalvticolTechnologi‘és,{nc.

ATI I.D. # 9007-025-2
SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS
CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
" PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
- CLIENT I.D. : 8-14 HC~-BOl1 DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS . : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT
. SCAN ESTIMATED
- COMPOUND NUMBER CONCENTRATION.
Cl7 CYCLIC AROMATIC
HYDROCARBON 1491 26
~ Cl7 CYCLIC AROMATIC
- HYDROCARBON 1503 24
Cl8 CYCLIC AROMATIC
HYDROCARBON 1659 25
C20 CYCLIC AROMATIC
HYDROCARBON 1832 26
C20 CYCLIC AROMATIC
HYDROCARBON 1861 46



Zﬂg AnalvticolTechnologies,!nc.

ATI I.D. # 9007-025-3

SEMI-VOLATILE ORGANICS ANALYSIS

TENTATIVELY IDENTIFIED COMPOUNDS
CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. ¢ 20-30 HC-BOl DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS. : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED

COMPOUND NUMBER CONCENTRATION
SUBSTITUTED HYDROCARBON 1455 18
UNKNOWN 1831 19
ALKANE , 1847 17
BRANCHED HYDROCARBON 1990 16
UNKNOWN 2056 23

~

s

AN



)! é\ Ancia nc:::ETechnologi-és,inc, - ATI I.D. # 9007-025-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 20-30 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 0.57 J
2,4-DINITROTOLUENE _ <2.9

2,6-DINITROTOLUENE <2.9

DIETHYLPHTHALATE <2.9
4-CHLOROPHENYL~-PHENYLETHER : <2.9

FLUORENE 1.0 J

4~-NITROANILINE <14

4 ,6-DINITRO-2-METHYLPHENOL <14

N-NITROSODIPHENYLAMINE <2.9
4-BROMOPHENYL-PHENYLETHER <2.9

HEXACHLOROBENZENE <2.9

PENTACHLOROPHENOL <14

PHENANTHRENE 2.7 J

ANTHRACENE 2.6 J
DI-N-BUTYLPHTHALATE 0.56 JB

FLUORANTHENE 3.4

BENZIDINE : <29

PYRENE 29
BUTYLBENZYLPHTHALATE <2.9

3,3-DICHLOROBENZIDINE <5.8

BENZO (a) ANTHRACENE 3.0

BIS (2-ETHYLHEXYL) PHTHALATE 2.4

CHRYSENE 4.5
DI-N-OCTYLPHTHALATE <2.9

BENZO (b) FLUORANTHENE 12

BENZO (k) FLUORANTHENE 6.3

BENZO (a) PYRENE 7.3

INDENO(1,2,3-cd) PYRENE 3.3

DIBENZ (a,h, ) ANTHRACENE 1.4 J

BENZO(g,h, i) PERYLENE 3.6

SURROGATE PERCENT RECOVERIES

NITROBENZENE-A5 74

2-FLUOROBIPHENYL 112
TERPHENYL-d14 94
PHENOL-d6 46
2-FLUOROPHENOL 48
2,4,6-TRIBROMOPHENOL 40
J = Estimated value.

B = Found in blank.



N

:!K: Ara.  iTechnologies,inc.

ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT HART CROWSER, INC.
PROJECT # J-2854

PROJECT NAME

CLIENT I.D. 40-50 HC-BO1l

SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270 PSEP
RESULTS BASED ON DRY WEIGHT

PIER 64/65 SEDIMENT STUDY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS ,
DILUTION FACTOR

9007-025-4

40 90 00 ¢ e e

05/09/90
07/05/90
07/13/90
07/23/90
ng/Kg

COMPOUND

RESULT

DIBENZOFURAN
2,4-DINITROTOLUENE

2, 6-DINITROTOLUENE
DIETHYLPHTHALATE
4~-CHLOROPHENYL-PHENYLETHER
FLUORENE

4-NITROANILINE
4,6-DINITRO~2~-METHYLPHENOL
N-NITROSODIPHENYLAMINE
4-BROMOPHENYL~-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a) ANTHRACENE

BIS (2-ETHYLHEXYL) PHTHALATE
CHRYSENE
DI-N-OCTYLPHTHALATE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
INDENO(1,2,3~cd) PYRENE
DIBENZ (a,h, ) ANTHRACENE
BENZO(qg,h, 1) PERYLENE

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5
2-FLUOROBIPHENYL
TERPHENYL-d14
PHENOL-d6
2-FLUOROPHENOL
2,4,6-TRIBROMOPHENOL

J = Estimated value.

2.5
<2.4
<2.4
<2.4
<2.4

<12
<12
<2.4
<2.4
<2.4
<12

<2.4

<24

<2.4
<4.8

<2.4
<2.4

NO N O
.

L]
NESEREN)

N

(&

70
124 x
108
48
50
64



. )! \A, AnawtcalTechnologies,nc. ATI I.D. # 9007-025-4

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90

2 PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 40-50 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

- SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
TRITHIOLANE 515 26

] CYCLIC AROMATIC

. HYDROCARBON 1289 15
CYCLIC AROMATIC
HYDROCARBON 1491 18
UNKNOWN 1991 19

UNKNOWN . 2057 21



‘)ﬁk Anav 2 Technologies,inc.

ATI I.D.

SEMI-VOLATILE ORGANICS ANALYSIS

CLIENT HART CROWSER, INC.
PROJECT # J-2854

PRCJECT NAME PIER 64/65 SEDIMENT STUDY
CLIENT I.D. 0-4 HC-BO2

EPA METHOD 8270 PSEP

SAMPLE MATRIX : SEDIMENT
RESULTS BASED ON DRY WEIGHT

DATA SUMMARY

DATE SAMPLED
DATE RECEIVED

#

DATE EXTRACTED

DATE ANALYZED

UNITS

DILUTION FACTOR

9007-025-5

05/09/90
07/05/90
07/13/90
07/23/90
I;g/ Kg

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <3.0
PHENOL <3.0
ANILINE <3.0

BIS (2-CHLOROETHYL) ETHER <3.0
2-CHLOROPHENOL <3.0
1,3~-DICHLOROBENZENE <3.0
1,4-DICHLOROBENZENE <3.0
BENZYL ALCOHOL <3.0
1,2-DICHLOROBENZENE <3.0
2-METHYLPHENOL <3.0

BIS (2-CHLOROISOPROPYL) ETHER <3.0
4-METHYLPHENOL <3.0
N-NITROSO-DI-N-PROPYILAMINE <3.0
HEXACHLOROETHANE <3.0
NITROBENZENE <3.0
ISOPHORONE <3.0
2-NITROPHENOL <3.0
2,4-DIMETHYLPHENOL <3.0
BENZOIC ACID <15

BIS (2-CHLOROETHOXY)METHANE <3.0
2,4-DICHLOROPHENOL <3.0
1,2,4-TRICHLOROBENZENE <3.0
NAPHTHALENE , 8.4
4-CHLOROANILINE <3.0
HEXACHL.OROBUTADIENE <3.0
4-CHL.ORO-3~-METHYLPHENOL <3.0
2-METHYINAPHTHALENE 3.6
HEXACHLOROCYCLOPENTADIENE <3.0
2,4,6-TRICHLOROPHENOL <3.0
2,4,5-TRICHLOROPHENOL <15
2-CHLORONAPHTHALENE <3.0
2=-NITROANILINE <15
DIMETHYLPHTHALATE <3.0
ACENAPHTHYLENE 3.9
3-NITROANILINE <15
ACENAPHTHENE 20
2,4~-DINITROPHENOL <15
4-NITROPHENOL <15

CONTINUED NEXT PAGE

J = Estimated wvalue.

w

N



)!!\Ar:.::.';-:.:Technologies,snc. ' ATI I.D. # 9007-025-5

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 0-4 HC-BO2 DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 11
2,4-DINITROTOLUENE <3.0

2, 6-DINITROTOLUENE <3.0

DIETHYLPHTHALATE <3.0
4-CHLOROPHENYL-PHENYLETHER <3.0

FLUORENE 26

4-NITROANILINE . <15
4,6-DINITRO-2~METHYLPHENOL <15
N-NITROSODIPHENYLAMINE <3.0
4-BROMOPHENYL-PHENYLETHER <3.0

HEXACHLOROBENZENE <3.0

PENTACHLOROPHENOL <15

PHENANTHRENE 88

ANTHRACENE 80
DI-N-BUTYLPHTHALATE <3.0

FLUORANTHENE 62

BENZIDINE <30

PYRENE 140
BUTYLBENZYLPHTHALATE <3.0

3,3-DICHLOROBENZIDINE <6.0

BENZO (a) ANTHRACENE 51

BIS (2-ETHYLHEXYL) PHTHALATE , 2.2

CHRYSENE 75
DI-N-OCTYLPHTHALATE <3.0

BENZO (b) FLUORANTHENE 57

BENZO (k) FLUORANTHENE ' 71

BENZO (a) PYRENE 64 )
INDENO(1,2,3~cd) PYRENE 29

DIBENZ (a,h, ) ANTHRACENE 12

BENZO(g,h, i) PERYLENE 32

SURROGATE PERCENT RECOVERIES

NITROBENZENE-Ad5 80

2~-FLUOROBIPHENYL 120
TERPHENYL-d14 160 *
PHENOL-d6 54
2-FLUOROPHENOL 60
2,4 ,6-TRIBROMOPHENOL 66

* Out of limits due to matrix effect and dilution of sample.



)! A\ AnavticalTechnologies,Inc.

ATI I.D. # 9007-025-5

SEMI-VOLATILE ORGANICS ANALYSIS

TENTATIVELY IDENTIFIED COMPOUNDS
CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 0-4 HC-BO2 DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS. : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED

COMPOUND NUMBER CONCENTRATION
POLYAROMATIC HYDROCARBON 1196 21
CARBAZOLE 1227 9.7
SUBSTITUTED PHENANTHRENE 1291 13
POLYAROMATIC HYDROCARBON 1400 21
BENZO (B) FLOURENE ISOMER 1506 19

\e

- e o



) )! A\ AranncoTechnologies,inc. ATI I.D. # 92007-025-6

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT

: HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 . DATE RECEIVED : 07/05/90
‘ PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
4 CLIENT I.D. : 8-14 HC-B02 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT
. COMPOUND RESULT
N-NITROSODIMETHYLAMINE <3.3
PHENOL <3.3
ANILINE <3.3
BIS (2-CHLOROETHYL) ETHER <3.3
. 2-CHLOROPHENOL <3.3
< 1,3-DICHLOROBENZENE <3.3
1,4-DICHLOROBENZENE <3.3
BENZYL ALCOHOL <3.3
1,2-DICHLOROBENZENE <3.3
2-METHYLPHENOL <3.3
N BIS (2-CHLOROISOPROPYL)ETHER <3.3
x 4-METHYLPHENOL <3.3
N-NITROSO-DI-N-PROPYLAMINE <3.3
HEXACHLOROETHANE <3.3
NITROBENZENE <3.3
ISOPHORONE - <3.3
. 2-NITROPHENOL <3.3
> 2,4-DIMETHYLPHENOL , <3.3
BENZOIC ACID 2.3 JB
BIS (2-CHLOROETHOXY)METHANE <3.3
2,4-DICHLOROPHENOL <3.3
1,2,4-TRICHLOROBENZENE <3.3
- NAPHTHALENE 2.2 3
- 4-CHLOROANILINE <3.3
HEXACHLOROBUTADIENE <3.3
4-CHLORO-3-METHYLPHENOL <3.3
2-METHYLNAPHTHALENE 0.61 J
HEXACHLOROCYCLOPENTADIENE <3.3
- 2,4,6-TRICHLOROPHENOL <3.3
= 2,4,5-TRICHLOROPHENOL <16
2-CHLORONAPHTHALENE <3.3
2-NITROANILINE <16
DIMETHYLPHTHALATE <3.3
ACENAPHTHYLENE 2.2 J
. 3-NITROANILINE <16
ACENAPHTHENE 3.0 J
2,4-DINITROPHENOL <16
4-NITROPHENOL <16

CONTINUED NEXT PAGE
J = Estimated value.
= Found in blank.



)! A\ Ana-.: csiTechnologies, . ATI I.D. £ 9007-025-6

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 8-14 HC-BO2 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS " : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5

o)

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
DIBENZOFURAN 1.6 J
2, 4-DINITROTOLUENE <3.3

2, 6-DINITROTOLUENE <3.3
DIETHYLPHTHALATE <3.3
4-CHLOROPHENYL-PHENYLETHER <3.3
FLUORENE 4.4
4-NITROANILINE <16
4,6-DINITRO-2-METHYLPHENOL : <16
N-NITROSODIPHENYLAMINE <3.3
4-BROMOPHENYL-PHENYLETHER : <3.3
HEXACHLOROBENZENE <3.3
PENTACHLOROPHENOL <16
PHENANTHRENE 19
ANTHRACENE 15
DI-N-BUTYLPHTHALATE 0.72 JB
FLUORANTHENE 30
BENZIDINE <33
PYRENE 53
BUTYLBENZYLPHTHALATE <3.3
3,3-DICHLOROBENZIDINE <6.6
BENZO (a) ANTHRACENE 26
BIS (2-ETHYLHEXYL) PHTHALATE 1.9 J
CHRYSENE 26
DI-N-OCTYLPHTHALATE <3.3
BENZO (b) FLUORANTHENE 43
BENZO (k) FLUORANTHENE 53
BENZO (a) PYRENE 22
INDENO (1,2, 3-cd) PYRENE 8.6
DIBENZ (a,h, ) ANTHRACENE 4.3
BENZO (g,h, i) PERYLENE 9.2

SURROGATE PERCENT RECOVERIES

NITROBENZENE-Ad5 100
2-FLUOROBIPHENYL 114
TERPHENYL-d14 : 106
PHENOL-d6 70
2-FLUOROPHENOL . 56
2,4,6-TRIBROMOPHENOL 58

J = Estimated value.
B = Found in blank.

\.

N



)! \A AnalyticalTechnologies,Inc.

ATI I.D. %

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

9007-025-6

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED = 07/13/90
CLIENT I.D. : 8-14 HC-BO2 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS - : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT :

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
SATURATED ALKANE 1455 15
BENZOFLUORENE ISOMER 1490 16
BENZOFLOURENE ISOMER 1501 12
C20 CYCLIC AROMATIC
HYDROCARBON 1831 i4
C20 CYCLIC AROMATIC
HYDROCARBON 1860 23



)! A\, Arga--caTechnologies,inc. ATI I.D.

# 9007-025-7
SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT ¢ HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 20-30 HC-BO2 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD ¢ 8270 PSEP DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
COMPOUND RESULT
N-NITROSODIMETHYLAMINE <3.0
PHENOL <3.0
ANILINE - <3.0
BIS (2~-CHLOROETHYL) ETHER <3.0
2-CHLOROPHENOL <3.0
1,3-DICHLOROBENZENE <3.0
1,4-DICHLOROBENZENE <3.0
BENZYL ALCOHOL <3.0
1,2-DICHLOROBENZENE <3.0
2-METHYLPHENOL <3.0
BIS (2-CHLOROISOPROPYL)ETHER <3.0
4-METHYLPHENOL <3.0
N-NITROSO-DI-N-PROPYLAMINE <3.0
HEXACHLOROETHANE <3.0
NITROBENZENE <3.0
ISOPHORONE <3.0
2-NITROPHENOL <3.0
2,4-DIMETHYLPHENOL <3.0
BENZOIC ACID <15
BIS (2—-CHLOROETHOXY) METHANE <3.0
2,4-DICHLOROPHENOL <3.0
1,2,4-TRICHLOROBENZENE <3.0
NAPHTHALENE : 1.3
4-CHLOROANILINE <3.0
HEXACHLOROBUTADIENE <3.0
4-CHLORO-3-METHYLPHENOL <3.0
2-METHYLNAPHTHALENE . <3.0
HEXACHLOROCYCLOPENTADIENE <3.0
2,4,6-TRICHLOROPHENOL <3.0
2,4,5-TRICHLOROPHENOL <15
2-CHLORONAPHTHALENE <3.0
2=-NITROANILINE <15
DIMETHYLPHTHALATE <3.0
ACENAPHTHYLENE 092 J
3-NITROANILINE <15
ACENAPHTHENE 0.60 J
2,4-DINITROPHENOL <15
4-NITROPHENOL ' <15

CONTINUED NEXT PAGE

J = Estimated value.



)! \A Anan cciTechnologies,inc. ATI I.D. # 9007-025-7

SEMI-VOLATILE ORGANiCS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 20-30 HC-BO2 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD — : 8270 PSEP DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
COMPOUND - RESULT
DIBENZOFURAN <3.0
2,4-DINITROTOLUENE <3.0
2, 6~DINITROTOLUENE <3.0
DIETHYLPHTHALATE <3.0
4-CHLOROPHENYL~-PHENYLETHER <3.0
FLUORENE ' 1.4 J
4~NITROANILINE <15
4,6=-DINITRO-2-METHYLPHENOL <15

. N-NITROSODIPHENYLAMINE <3.0
4~BROMOPHENYL-PHENYLETHER <3.0
HEXACHLOROBENZENE , <3.0
PENTACHLOROPHENOL <15
PHENANTHRENE 4.9
ANTHRACENE 5.2
DI-N-BUTYLPHTHALATE <3.0
FLUORANTHENE 32
BENZIDINE <30
PYRENE 36
BUTYLBENZYLPHTHALATE ) <3.0
3,3-DICHLOROBENZIDINE <6.0
BENZO (a) ANTHRACENE 9.7
BIS (2-ETHYLHEXYL) PHTHALATE 3.0
CHRYSENE 13
DI-N-OCTYLPHTHALATE <3.0
BENZO (b) FLUORANTHENE 9.0
BENZO (k) FLUORANTHENE 14
BENZO (a) PYRENE 8.8
INDENO(1,2,3-cd) PYRENE 3.6
DIBENZ (a,h, ) ANTHRACENE 1.8 J
BENZO (g, h, i) PERYLENE 3.7

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 84
2-FLUOROBIPHENYL 112
TERPHENYL-d14 : 92
PHENOL-d6 60
2-FLUOROPHENOL 44
2,4 ,6-TRIBROMOPHENOL 42

J = Estimated value.



)! g\ AnalyticaiTechnologies,inc.

ATI I.D. # 9007-025-7

SEMI-VOILATILE ORGANICS ANALYSIS

TENTATIVELY IDENTIFIED COMPOUNDS
CLIENT - : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 20~30 HC-BO2 DATE ANALYZED : 07/26/90
SAMPLE MATRIX : SEDIMENT UNITS - : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED

COMPOUND NUMBER CONCENTRATION
Cl7 AROMATIC HYDROCARBON 1490 14
BENZOFLUORENE 1500 11
UNKNOWN 1830 11
C20 AROMATIC HYDROCAREON 1858 11
BRANCHED HYDROCARBON 2053 11

Nt



é AnciviicaiTechnologies,inc.

ATI I.D. # 9007-025-8
SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 30-40 HC-BO2 DATE ANALYZED :07/22/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT
COMPOUND RESULT
N-NITROSODIMETHYLAMINE <2.7
PHENOL <2.7
ANILINE <2.7
BIS (2-CHLOROETHYL) ETHER <2.7
2-CHLOROPHENOL <2.7
1,3-DICHLOROBENZENE <2.7
1,4-DICHLOROBENZENE <2.7
BENZYL ALCOHOL <2.7
1,2-DICHLOROBENZENE <2.7
2-METHYLPHENOL <2.7
BIS (2-CHLOROISOPROPYL) ETHER <2.7
4-METHYLPHENOL <2.7
N-NITROSO-DI-N-PROPYLAMINE <2.7
HEXACHLOROETHANE ' <2.7
NITROBENZENE <2.7
ISOPHORONE <2.7
2-NITROPHENOL <2.7
2,4-DIMETHYLPHENOL <2.7
BENZOIC ACID <13
BIS (2-CHLOROETHOXY)METHANE <2.7
2,4-DICHLOROPHENOL <2.7
1,2,4-TRICHLOROBENZENE <2.7
NAPHTHALENE <2.7
4-CHLOROANILINE <2.7
HEXACHLOROBUTADIENE <2.7
4-CHLORO-3-METHYLPHENOL <2.7
2-METHYLNAPHTHALENE <2.7
HEXACHLOROCYCLOPENTADIENE <2.7
2,4, 6-TRICHLOROPHENOL <2.7
2,4,5-TRICHLOROPHENOL <13
2-CHLORONAPHTHALENE <2.7
2-NITROANILINE <13
DIMETHYLPHTHALATE <2.7
ACENAPHTHYLENE <2.7
3-NITROANILINE <13
ACENAPHTHENE <2.7
2,4-DINITROPHENOL <13
4-NITROPHENOL <13

CONTINUED NEXT PAGE



)!!K: AnayncaiTechnologies,inc. ATI I.D. # 9007-025-8

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 30-40 HC-BO2 DATE ANALYZED : 07/22/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN <2.7

2,4-DINITROTOLUENE <2.7

2,6-DINITROTOLUENE <2.7

DIETHYLPHTHALATE <2.7
4-CHLOROPHENYL-PHENYLETHER <2.7

FLUORENE <2.7

4-NITROANILINE <13
4,6-DINITRO-2-METHYLPHENOL <13

N-NITROSODIPHENYLAMINE <2.7
4-BROMOPHENYL-PHENYLETHER <2.7

HEXACHLOROBENZENE <2.7

PENTACHLOROPHENOL <13

PHENANTHRENE <2.7

ANTHRACENE 0.79 J
DI-N-BUTYLPHTHALATE <2.7

FLUORANTHENE 1.7 J

BENZIDINE <27

PYRENE <2.7

BUTYLBENZYLPHTHALATE <2.7

3,3-DICHLOROBENZIDINE <5.4

BENZO (a) ANTHRACENE <2.7

BIS (2-ETHYLHEXYL) PHTHAIATE 2.0 7

CHRYSENE <2.7

DI-N-OCTYLPHTHAILATE <2.7

BENZO (b) FLUORANTHENE <2.7

BENZO (k) FLUORANTHENE <2.7

BENZO (a) PYRENE <2.7

INDENO(1,2,3~cd) PYRENE <2.7

DIBENZ (a,h, ) ANTHRACENE <2.7

BENZO(g,h, i) PERYLENE <2.7

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 44
2-FLUOROBIPHENYL ‘ 72
TERPHENYL-d14 72
PHENOL-d6 28
2-FLUOROPHENOL ' 26
2,4,6-TRIBROMOPHENOL 2 *

* Out of limits due to matrix effect.
J = Estimated wvalue.

S



) )! A\ AnalyticalTechnologies,inc. ATI I.D. # 9007-025-8

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90

N PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : 30-40 HC-BO2 DATE ANALYZED : 07/22/90
SAMPLE MATRIX : SEDIMENT UNITS" : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT ‘

- SCAN ESTIMATED
COMPOUND . NUMBER CONCENTRATION
OXYGENATED HYDROCARBON 1247 6.5

) C13-Cl17 BRANCHED HYDROCARBON 1493 8.0

. OXYGENATED HYDROCARBON 1738 5.6
UNKNOWN 1850 9.1
UNKNOWN 2059 13



A’ AncvicaiTechnologies,inc.

ATI I.D. 9006-067

e

SEMI-VOLATILE ORGANICS ANALYSIS

CLIENT : HART CROWSER, INC.
PROJECT # : 2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY
CLIENT I.D. : REAGENT BLANK

SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 (PSEP)

RESULTS BASED ON DRY WEIGHT

DATA SUMMARY

DATE SAMPLED :
DATE RECEIVED : N/A
DATE EXTRACTED :
DATE ANALYZED

UNITS

DILUTION FACTOR

N/A

07/03/%0
: 07/11/90
: mg/Kg

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE

BIS (2-CHLOROETHYL) ETHER
2-CHLOROPHENOL
1,3~-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL

BIS (2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID

BIS (2-CHLOROETHOXY)METHANE
2,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4~CHLORO-3-METHYLPHENOL
2-METHYILNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL

- ———

RESULT

<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<1.0

<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<0.20
<1l.0

<0.20
<1.0

<0.20
<0.20
<1.0

<0.20
<1.0

<1.0

CONTINUED NEXT PAGE
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)! A\, Ana ticclTechnologies,!nc. ATI I.D. # 9006-067

SEMI-VOLATILE ORGANICS.ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : HART CROWSER, INC. DATE SAMPLED : N/A
PROJECT # : 2854 DATE RECEIVED : N/A
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 07/11/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN <0.20
2,4-DINITROTOLUENE <0.20
2,6-DINITROTOLUENE <0.20
DIETHYLPHTHALATE <0.20
4-CHLOROPHENYL-PHENYLETHER <0.20

FLUORENE <0.20

4-NITROANILINE <1.0
4,6-DINITRO-2-METHYLPHENOL <1.0
N-NITROSODIPHENYLAMINE <0.20
4-BROMOPHENYL-PHENYLETHER <0.20
HEXACHLOROBENZENE <0.20
PENTACHLOROPHENOL <1.0

PHENANTHRENE <0.20

ANTHRACENE <0.20
DI-N-BUTYLPHTHALATE <0.20

FLUORANTHENE <0.20

BENZIDINE <2.0

PYRENE : <0.20
BUTYLBENZYLPHTHALATE <0.20
3,3-DICHLOROBENZIDINE -<0.41

BENZO (a) ANTHRACENE <0.20

BIS (2-ETHYLHEXYL) PHTHALATE <0.20

CHRYSENE <0.20
DI-N-OCTYLPHTHALATE <0.20

BENZO (b) FLUORANTHENE ' <0.20

BENZO (k) FLUORANTHENE <0.20

BENZO (a) PYRENE <0.20
INDENO(1,2,3-cd) PYRENE <0.20

DIBENZ (a,h, ) ANTHRACENE <0.20

BENZO(g,h, i) PERYLENE <0.20

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 : 70
- 2-FLUOROBIPHENYL 80
TERPHENYL-d14 ' 96
PHENOL-d6 70
2-FLUOROPHENOL 66

2,4,6-TRIBROMOPHENOL : 78



é&\, AnalyticalTechnologies, Inc.

ATI I.D. # 9006-067
SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS
CLIENT : HART CROWSER, INC. DATE SAMPLED : N/A
PROJECT # : 2854 DATE RECEIVED : N/A
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/03/90
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 07/11/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
BENZALDEHYDE 342 3.8
OXYGENATED HYDROCARBON 1366 1.6
SATURATED ALKANE 1455 3.6
BRANCHED HYDROCARBON 1618 2.0



é Anay, rcaiTechnologies,inc.

CONTINUED NEXT PAGE

J = Estimated value.

ATI I.D. # 9007-025
SEMI-VOLATILE ORGANICS ANALYSIS
. DATA SUMMARY
CLIENT : HART CROWSER, INC. DATE SAMPLED : N/A
PROJECT # : J-2854 DATE RECEIVED : N/A
» PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
. CLIENT I.D.  : REAGENT BLANK DATE ANALYZED : 07/22/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
COMPOUND RESULT
N-NITROSODIMETHYLAMINE <0.20
PHENOL <0.20
ANILINE <0.20
BIS (2-CHLOROETHYL) ETHER <0.20
2-CHLOROPHENOL <0.20
1,3-DICHLOROBENZENE <0.20
1,4-DICHLOROBENZENE <0.20
BENZYL ALCOHOL <0.20
1,2-DICHLOROBENZENE <0.20
2-METHYLPHENOL <0.20
BIS (2-CHLOROISOPROPYL) ETHER <0.20
4-METHYLPHENOL <0.20
N-NITROSO~-DI-N-PROPYLAMINE <0.20
HEXACHLOROETHANE <0.20
NITROBENZENE <0.20
ISOPHORONE <0.20
2-NITROPHENOL <0.20
2, 4-DIMETHYLPHENOL <0.20
BENZOIC ACID 0.14 J
BIS (2-CHLOROETHOXY) METHANE <0.20 -
2, 4-DICHLOROPHENOL <0.20
1,2,4-TRICHLOROBENZENE <0.20
NAPHTHALENE <0.20
4-CHLOROANILINE <0.20
HEXACHLOROBUTADIENE <0.20
4~-CHLORO-3-METHYLPHENOL <0.20
2~METHYLNAPHTHALENE <0.20
HEXACHLOROCYCLOPENTADIENE <0.20
2,4 ,6-TRICHLOROPHENOL <0.20
2,4 ,5-TRICHLOROPHENOL <1.0
2~-CHLORONAPHTHALENE <0.20
2-NITROANILINE <1.0
DIMETHYLPHTHALATE <0.20
ACENAPHTHYLENE <0.20
3-NITROANILINE <1.0
ACENAPHTHENE <0.20
2,4-DINITROPHENOL <1.0
4-NITROPHENOL <1.0



)! !\, AnanrcaiTechnologies,inc.

ATI I.D.

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT :

PROJECT # : J-2854

PROJECT NAME :

CLIENT I.D. :

SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 PSEP
o)

RESULTS BASED

HART CROWSER,

N DRY WEIGHT

INC.

PIER 64/65 SEDIMENT STUDY
REAGENT BLANK

DATE SAMPLED

DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED

UNITS

DILUTION FACTOR

20 88 05 88 se e

9007-025

N/A

N/A
07/13/90
07/22/90
?g/Kg

COMPOUND RESULT
DIBENZOFURAN <0.20
2,4-DINITROTOLUENE <0.20
2,6-DINITROTOLUENE <0.20
DIETHYLPHTHALATE <0.20
4-CHLOROPHENYL~-PHENYLETHER <0.20
FLUORENE <0.20
4-NITROANILINE <1.0
4 ,6-DINITRO-2-METHYLPHENOL <1.0
N-NITROSODIPHENYLAMINE <0.20
4-BROMOPHENYL-PHENYLETHER <0.20
HEXACHLOROBENZENE <0.20
PENTACHLOROPHENOL <1.0
PHENANTHRENE <0.20
ANTHRACENE <0.20
DI-N-BUTYLPHTHALATE 0.10 J
FLUORANTHENE <0.20
BENZIDINE <2.0
PYRENE <0.20
BUTYLBENZYLPHTHALATE <0.20
3,3-DICHLOROBENZIDINE <0.41
BENZO (a) ANTHRACENE <0.20
BIS (2-ETHYLHEXYL) PHTHALATE <0.20
CHRYSENE ‘ <0.20
DI-N-OCTYLPHTHALATE <0.20
BENZO (b) FLUORANTHENE <0.20
BENZO (k) FLUORANTHENE <0.20
BENZO (a) PYRENE <0.20
INDENO (1,2, 3-cd) PYRENE <0.20
DIBENZ (a,h, ) ANTHRACENE <0.20
BENZO(g,h, i) PERYLENE <0.20
SURROGATE PERCENT RECOVERIES
NITROBENZENE-d5 78
2-FLUOROBIPHENYL 98
TERPHENYL-d14 92
PHENOL-d6 76
2-FLUOROPHENOL 58
2,4,6-TRIBROMOPHENOL 76

J = Estimated wvalue.
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : HART CROWSER, INC. DATE SAMPLED : N/A
PROJECT # : J-2854 DATE RECEIVED .: N/A
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/13/90
CLIENT I.D. : REAGENT BILANK DATE ANALYZED : 07/22/90
SAMPLE MATRIX : SEDIMENT UNITS: : mg/Kg
EPA METHOD : 8270 PSEP DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT '

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
BENZALDEHYDE 345 1.6
OXYGENATED HYDROCARBON 1369 1.6
SATURATED C21-C22 ALKANE 1457 3.7
BRANCHED CYCLIC AROMATIC 1574 5.3
SUBSTITUTED HYDROCARBON 1619 1.0
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SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : HART CROWSER, INC. SAMPLE I.D. : 9007-067-3
PROJECT # : 2854 DATE EXTRACTED : 07/03/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/17/90
MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR: 10
RESULTS BASED ON AS IS BASIS

DUP DUP

SAMPLE SPIKE SPIKED % SPIKED 3%

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <4.0 2.0 1.3 63 N/A N/A N/A
ACENAPHTHENE 9.6 2.0 2.2 * N/A N/A N/A
2, 4-DINITROTOLUENE <4.0 2.0 1 50 N/A N/A N/A
PYRENE 27.5 2.0 10 * N/A N/A N/A
N-NITROSO-DI~N-PROPYLAMINE <4.0 2.0 1.3 66 N/A N/A N/A
1,4-DICHLOROBENZENE <4.0 2.0 1.4 71 N/A N/A N/A
PENTACHLOROPHENOL <20 4.0 0 0% N/A N/A N/A
PHENOL <4.0 4.0 2.3 58 N/A N/A N/A
2-CHLOROPHENOL <4.0 4.0 2.6 65 N/A N/A N/A
4~-CHLORO-3-METHYLPHENOL <4.0 4.0 2.7 68 N/A N/A N/A
4-NITROPHENOL <20 4.0 0 o* N/A N/A N/A

* oOut of limits due to matrix effect.

% Recovery = (Spike Sample Result - Sample Result)
x 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
: - X 100
Average of Spiked Sample
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SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : HART CROWSER, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 2854 DATE EXTRACTED : 07/03/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/11/90
MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR: 1
RESULTS BASED ON AS IS BASIS

DUP DUP

"SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2, 4-TRICHLOROBENZENE <0.20 2.0 1.6 80 N/A N/A N/A
ACENAPHTHENE <0.20 2.0 1.6 78 N/A N/A N/A
2, 4-DINITROTOLUENE <0.20 2.0 1.6 80 N/A N/A N/A
PYRENE <0.20 2.0 2.1 104 N/A N/A N/A
N-NITROSO-DI-N-PROPYLAMINE <0.20 2.0 1.2 62 N/A N/A N/A
1, 4-DICHLOROBENZENE <0.20 2.0 1.5 77 N/A N/A N/A
PENTACHLOROPHENOL <1.0 4.0 3.5 88 N/A N/A N/A
PHENOL <0.20 4.0 2.9 72 N/A N/A N/A
2-CHLOROPHENOL <0.20 4.0 2.8 70 N/A N/A N/A
4-CHLORO-3-METHYLPHENOL <0.20 4.0 2.8 70 N/A N/A N/A
4-NITROPHENOL <1.0 4.0 3.1 78 N/A N/A N/A

[

% Recovery = (Spike Sample Result - Sample Result)
- -- x 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample
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SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : HART CROWSER, INC. SAMPLE I.D. : 9007-025-2
PROJECT # : J-2854 DATE EXTRACTED : 07/17/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/23/90
MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : EPA 8270 PSEP DILUTION FACTOR : 5
RESULTS BASED ON AS IS BASIS
DUP DUP

SAMPLE SPIKE SPIKED $ SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <1.0 2.0 1.76 88 2.1 105 5
ACENAPHTHENE 0.51 2.0 2.33 91 2.60 105 11
2,4-DINITROTOLUENE <1.0 2.0 1.33 66 1.64 82 21
PYRENE 19 2.0 *. * * *  *
N-NITROSO-DI-N-PROPYLAMINE <1.0 2.0 1.27 64 1.79 90 34
1,4-DICHLOROBENZENE <1.0 2.0 1.81 90 1.89 94 4
PENTACHLOROPHENOL <5.1 4.0 0 0 0 0 Q%%
PHENOL <1.0 4.0 1.70 42 2.95 74 S54%%
2-CHLOROPHENOL <1.0 4.0 2.72 68 3.32 83 20
4~-CHLORO-3~METHYLPHENOL <1.0 4.0 3.03 76 6.34 158 71%%
4~-NITROPHENOL <5.1 4.0 1.72 43 2.00 50 15

* Result not attainable due to matrix interference. High sample result.

** Qut of limits due to matrix effect and dilution of sample.

% Recovery = (Spike Sample Result - Sample Result)
X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

X 100
Average of Spiked Sample

Nt
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SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : HART CROWSER, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : J-2854 DATE EXTRACTED : 07/17/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/22/90
EPA METHOD : 8270 MATRIX : SEDIMENT
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE- SPIKED 3% SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.20 2.0 1.76 88 N/A N/A N/A
ACENAPHTHENE <0.20 2.0 1.62 81 N/A N/A N/A
2,4-DINITROTOLUENE <0.20 2.0 1.57 78 N/A N/A N/A
PYRENE <0.20 2.0 1.78 84 N/A N/A N/A
N-NITROSO-DI-N-PROPYLAMINE <0.20 2.0 1.56 78 N/A N/A N/A
1,4-DICHLOROBENZENE <0.20 2.0 1.76 88 N/A N/A N/A
PENTACHLOROPHENOL <1.0 4.0 2.55 64 N/A N/A N/A
- PHENOL <0.20 4.0 2.41 60 N/A N/A N/A
2-CHLOROPHENOL <0.20 4.0 2.47 62 N/A N/A N/A
4-CHLORO-3-METHYLPHENOL <0.20 4.0 3.35 84 N/A N/A N/A
4-NITROPHENOL <1l.0 4.0 2.84 71 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)

x 100
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

X 100
Average of Spiked Sample
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J-2854

POLYNUCLEAR AROMATIC HYDROCARBONS
(SILICA GEL CLEANUP)
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ATI I.D. # 9006-067-1

POLYNUCLEAR AROMATICS
DATA SUMMARY

HART CROWSER DATE SAMPLED

CLIENT : : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 06/11/90
CLIENT I.D. : HC-SsSo01 DATE ANALYZED : 06/21/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 (PSEP) DILUTION FACTOR : 10

RESULTS BASED ON DRY WEIGHT

N COMPOUND RESULT
NAPHTHALENE 1.1
2-METHYLNAPHTHALENE 0.78

) ACENAPHTHYLENE 1.2

. ACENAPHTHENE 2.4
FLUORENE 6.6
PHENANTHRENE 28
ANTHRACENE 27
FLUORANTHENE 52

; PYRENE 52

. BENZO (a) ANTHRACENE 27
CHRYSENE 38
BENZO (b) FLUORANTHENE 44
BENZO (k) FLUORANTHENE 55
BENZO (a) PYRENE 25

. INDENO(1,2,3-cd) PYRENE 10

- DIBENZ (a,h) ANTHRACENE 3.8
BENZO(g,h, i) PERYLENE 10

SURROGATE PERCENT RECOVERIES

2-FLUOROBIPHENYL 75
TERPHENYL-dl4 126
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ATI I.D. #

POLYNUCLEAR AROMATICS

DATA SUMMARY

CLIENT : HART CROWSER

PROJECT # : 2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY
CLIENT I.D. : HC-SS02

SAMPLE MATRIX : SEDIMENT

EPA METHOD 8270 (PSEP)

RESULTS BASED ON DRY WEIGHT

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9006-067-2

06/05/90
06,/08/90
06/11/90
06/21/90
mg/Kg

10

COMPOUND RESULT
NAPHTHALENE 2.0
2-METHYLNAPHTHALENE 2.0
ACENAPHTHYLENE 1.9
ACENAPHTHENE 4.9
FLUORENE 12
PHENANTHRENE 44
ANTHRACENE 40
FLUORANTHENE 67
PYRENE 77
BENZO (a) ANTHRACENE 47
CHRYSENE 45
BENZO (b) FLUORANTHENE 60
BENZO (k) FLUORANTHENE 76
BENZO (a) PYRENE 33
INDENO(1,2,3~cd) PYRENE 13
DIBENZ (a,h) ANTHRACENE 4.9
BENZO (q,h, i) PERYLENE 14
SURROGATE PERCENT RECOVERIES

2-FLUOROBIPHENYL 108
TERPHENYL-d14 132

Na:
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ATI I.D. #

POLYNUCLEAR AROMATICS

DATA SUMMARY

CLIENT ¢ HART CROWSER

PROJECT # : 2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY
CLIENT I.D. : HC-SS03

SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 (PSEP)

RESULTS BASED ON DRY WEIGHT

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9006-067-3

06/05/90
06/08/90
06/11/90
06/21/90
mg/Kg

10

00 8¢ 06 0 00 a0

COMPOUND RESULT
NAPHTHALENE 1.0
2-METHYLNAPHTHALENE 0.60
ACENAPHTHYLENE 0.70
ACENAPHTHENE 2.3
FLUORENE 4.5
PHENANTHRENE 17
ANTHRACENE 11
FLUORANTHENE 24
PYRENE 25
BENZO (a) ANTHRACENE 12
CHRYSENE 14
BENZO (b) FLUORANTHENE 18
BENZO (k) FLUORANTHENE 23
BENZO (a) PYRENE 9.8
INDENO(1,2,3~-cd) PYRENE 4.0
DIBENZ (a,h) ANTHRACENE 1.7
BENZO (g, h, i) PERYLENE 3.8
SURROGATE PERCENT RECOVERIES

2-FLUOROBIPHENYL 114
TERPHENYL-d14 128
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ATI I.D. #

POLYNUCLEAR AROMATICS

DATA SUMMARY

CLIENT : HART CROWSER

PROJECT # : 2854

PROJECT NAME : PIER 64/65 SEDIMENT STUDY
CLIENT I.D. : REAGENT BLANK

SAMPLE MATRIX : SEDIMENT

EPA METHOD : 8270 (PSEP)

RESULTS BASED ON DRY WEIGHT

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9006-067

N/A
N/A
06/11/90
06/21/90
?g/Kg

COMPOUND RESULT
NAPHTHALENE <0.10
2-METHYLNAPHTHALENE <0.10
ACENAPHTHYLENE <0.10
ACENAPHTHENE <0.10
FLUORENE <0.10
PHENANTHRENE <0.10
ANTHRACENE <0.10
FLUORANTHENE <0.10
PYRENE <0.10
BENZO (a) ANTHRACENE <0.10
CHRYSENE <0.10
BENZO (b) FLUORANTHENE <0.10
BENZO (k) FLUORANTHENE <0.10
BENZO (a) PYRENE <0.10
INDENO(1,2,3-cd) PYRENE <0.10
DIBENZ (a,h) ANTHRACENE <0.10
BENZO (g,h, i) PERYLENE <0.10
SURROGATE PERCENT RECOVERIES

2-FLUOROBIPHENYL 88
TERPHENYL-d14 102

LY
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ATI I.D. # 9007-067

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

HART CROWSER SAMPLE I.D. BLANK SPIKE

CLIENT : :
PROJECT # : 2854 DATE EXTRACTED : 06/12/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 06/20/90
EPA METHOD : 8270 (PSEP) MATRIX ¢ SEDIMENT
: UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHENE <0.1 1.0 0.51 51 0.43 43 17
PYRENE <0.1 1.0 0.88 88 0.72 72 20

% Recovery = (Spike Sample Result - Sample Result)

x 100
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

x 100
Average of Spiked Sample
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 06/16/90
CLIENT I.D. : HC-SSO01 DATE ANALYZED : 06/30/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) PSEP DILUTION FACTOR : 10

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.29

PCB 1221 <0.29

PCB 1232 <0.29

PCB 1242 <0.29

PCB 1248 <0.29

PCB 1254 0.26 J
PCB 1260 . 0.71

SURROGATE PERCENT RECOVERY

DIBUTYLCHILIORENDATE NOT RECOVERED
DECACHLOROBIPHENYL 150

J = Estimated value.
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 06/05/90
PROJECT # : 2854 DATE RECEIVED : 06/08/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 06/16/90
CLIENT I.D. : HC-SSso02 DATE ANALYZED : 06/30/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) PSEP DILUTION FACTOR : 10

RESULTS BASED ON DRY WEIGHT

COMPOUND A RESULT
PCB 1016 <0.21

PCB 1221 <0.21

PCB 1232 <0.21

PCB 1242 <0.21

PCB 1248 <0.21

PCB 1254 0.46

PCB 1260 0.40

SURROGATE PERCENT RECOVERY

DIBUTYLCHLORENDATE NOT RECOVERED
DECACHLOROBIPHENYL 96

R

bos
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V"‘ﬁ i
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

RESULTS BASED

ATI I.D.

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS

DATA SUMMARY

HART CROWSER, INC.

2854

PIER 64/65 SEDIMENT STUDY
HC-SS03

SEDIMENT

8080 (PCB) PSEP

e 48 40 B0 00 4o

ON DRY WEIGHT

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

COMPOUND RESULT
PCB 1016 <0.19

PCB 1221 <0.19

PCB 1232 <0.19

PCB 1242 <0.19

PCB 1248 <0.19

PCB 1254 0.27
PCB 1260 0.40

SURROGATE PERCENT RECOVERY
DIBUTYLCHLORENDATE NOT RECOVERED

DECACHIL.OROBIPHENYL

158

4
T

48 06 s 00 e e

9006~-067-3

06/05/90
06/08/90
06/16/90
06/30/90
mg/Kg

10
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/12/90
CLIENT I.D. : 0-4 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 ~ <0.18

PCB 1221 <0.18

PCB 1232 <0.18

PCB 1242 : <0.18

PCB 12438 0.45

PCB 1254 <0.18

PCB 1260 0.61

SURROGATE PERCENT RECOVERY

DIBUTYLCHLORENDATE : 54
DECACHLOROBIPHENYL 121



-

)!K!: AnaiyticalTechnologies,Inc. ATI I.D. # 9007-025-4

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/12/90
CLIENT I.D. : 40-50 HC-BO1l DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <1.0

PCB 1221 <1.0

PCB 1232 <1.0

PCB 1242 <1.0

PCB 1248 : 0.96 J

PCB 1254 <1.0

PCB 1260 2.2

SURROGATE PERCENT RECOVERY

DIBUTYLCHLORENDATE 73
DECACHLOROBIPHENYL 140 *

*# Out of limits due to matrix interference.

J = Estimated value.
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPLED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07,/12/90
CLIENT I.D. : 0-4 HC-BO2 DATE ANALYZED : 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <1.3

PCB 1221 <1.3

PCB 1232 <1.3

PCB 1242 <1.3

PCB 1248 3.7

PCB 1254 ' <1.3

PCB 1260 9.5

SURROGATE PERCENT RECOVERY

DIBUTYLCHLORENDATE 74
DECACHLOROBIPHENYL 129
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : HART CROWSER, INC. DATE SAMPILED : 05/09/90
PROJECT # : J-2854 DATE RECEIVED : 07/05/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/12/90
CLIENT I.D. : 30-40 HC-BO2 DATE ANALYZED ¢ 07/23/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <1l.0

PCB 1221 <1.0

PCB 1232 <1.0

PCB 1242 <1.0

PCB 1248 19

PCB 1254 <1.0

PCB 1260 14

SURROGATE PERCENT RECOVERY

DIBUTYLCHIORENDATE 154 *
DECACHLOROBIPHENYL 140 *

* Out of limits due to matrix interference.
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

RESULTS BASED

ATI I.D. # 9006-067

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS

DATA SUMMARY

HART CROWSER, INC.

2854

PIER 64/65 SEDIMENT STUDY
REAGENT BLANK

SEDIMENT

8080 (PCB) PSEP

o6 50 08 s ee o0

ON DRY WEIGHT

DATE SAMPLED : N/A
DATE RECEIVED : N/A

DATE EXTRACTED : 06/16/90
DATE ANALYZED : 06/29/90
UNITS : mg/Kg
DILUTION FACTOR : 1

COMPOUND RESULT
PCB 1016 <0.010
PCB 1221 <0.010
PCB 1232 <0.010
PCB 1242 <0.010
PCB 1248 <0.010
PCB 1254 <0.010
PCB 1260 <0.010
SURROGATE PERCENT RECOVERY
DIBUTYLCHLORENDATE NOT RECOVERED

DECACHLOROBIPHENYL

106

wd

e
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POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
- DATA SUMMARY

CLIENT

¢ HART CROWSER, INC. DATE SAMPLED : N/A

PROJECT # ¢ J-2854 DATE RECEIVED : N/A
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE EXTRACTED : 07/12/90
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 07/20/90
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

- COMPOUND RESULT
PCB 1016 <0.040 P
PCB 1221 <0.040
PCB 1232 <0.040

- PCB 1242 <0.040

- PCB 1248 <0.040
PCB 1254 <0.040
PCB 1260 <0.040

SURROGATE PERCENT RECOVERY

DIBUTYLCHLORENDATE 74
DECACHLOROBIPHENYL 106
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POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT : HART CROWSER, INC. SAMPLE ID : BLANK SPIKE
PROJECT # : 2854 DATE EXTRACTED : 06/16/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 06/29/90
EPA METHOD : 8080 (PCB) PSEP - MATRIX : SEDIMENT
UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %

COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.010 0.10 0.111 111 0.105 105 5

% Recovery = (Spike Sample result - Sample Result)
——— - - X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
- - - X 100

Average of Spiked Sample

b

"
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ATI I.D. # 9007-025

POLYCHLORINATED BIPHENYLS '(PCB)

QUALITY CONTROL

RPD (Relative %

Spike Concentration

Difference) =

Result

CLIENT : HART CROWSER, INC. SAMPLE ID : 9007-025-8
PROJECT # : J-2854 DATE EXTRACTED : 07/12/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/23/90
- EPA METHOD : 8080 (PCB) MATRIX ¢ SEDIMENT
> UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %
- COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 14 5.0 18.4 88 24.5 210=* 28%*
* Out of limits due to matrix interference.
% Recovery = (Spike Sample result - Sample Result)
X 100

(Spiked Sample - Duplicate Spike)
Sample Result

-- X 100

Average of Spiked Sample
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POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT : HART CROWSER, INC. SAMPLE ID : BLANK SPIKE
PROJECT # : J=-2854 DATE EXTRACTED : 07/12/90
PROJECT NAME : PIER 64/65 SEDIMENT STUDY DATE ANALYZED : 07/22/90
EPA METHOD : 8080 (PCB) MATRIX ¢ SEDIMENT
UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.040 0.20 0.218 109 N/A N/A N/A

% Recovery = (Spike Sample result - Sample Result)
X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
X 100

Average of Spiked Sample

(2]

Nert



Hart Crowser
J-2854
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S<Battelle

Paciric Northwest Division
AMarmne Sciences Laboratory
439 West Sequim Bay Road
Sequim. Washington 98382

September 13, 1990 1206) 683-4151

%

Dr. Clay Patmont

Hart Crowser, Inc.

1910 Fairview Avenue East
Seattle, Washington 98102-3699

Dear Clay:

This letter report summarizes the sediment trap field and chemistry tdsks
conducted for Hart Crowser this spring and summer.

Sedimegt traps constructed of 6-inch diameter PVC pipe (15.5 cm diameter or
189 cm” opening) by 30-inch long (76 cm) were deployed at three stations in
Eagle Harbor (EH-1 near ferry yard, EH-2 near Wykoff, and EH-3 east of the
ferry dock) and one station in Elliott Bay (near Pier 63) on May 2, 1990. At
each station, two pairs of traps were deployed approximately 15 meters apart.
The traps were supported vertically in a wooden base that was weighted with
bricks. The traps had a baffle of 1 x 1-cm plastic grating to prevent large
organisms from entering the traps. Traps contained 1.2 L of dense salt water
(50 °/.,) and sodium azide (0.2%) as a preservative. Dye was also added to
the preservative so visual examination of the recovered trap could determine
whether the traps had been spilled or flushed.

The traps were recovered by either grappling (EH-1 on July 2, 1990) or with
scuba divers on July 10, 1990. The overlying water was decanted and the dyed
water containing the sediments was transferred and composited from each pair
of traps into a precleaned glass jug and returned to the laboratory. The
sediment was centrifuged in teflon jars to remove excess water, weighed and
then split for chemistry and % solids determination by freeze drying.

RESULTS

The following weights and fluxes of sediment were obtained over a 2-month
period.

Dry weight Sediment,flux
Trap No. % solids per pair of traps (aq) Q/cm2 yr
EH-1A 30.1 108 1.71
EH-1B 30.9 108 1.71
EH-2A 25.6 97 1.36
EH-2B 27.0 a9 1.39
EH-3A 34.5 124 1.74
EH-3B 35.0 125 1.75
Pier 63A 26.8 61 0.85
Pier 63B 25.5 60 . 0.84

Twenty-five years of science for DOE and the Northwest




Mr. Clay Patmont
September 13, 1990
Page 2

The concentration of metals was determined by X-ray fluorescence, except for
Hg which was determined by cold vapor atomic absorption. Certified reference
sediments were analyzed to demonstrate accuracy. Both pairs of traps from
Pier 63 were analyzed to provide an indication of precision for field
replicates. Lead-210 activity was determined by alpha counting of the
granddaughter Po-210. Total organic carbon concentrations were determined by
measuring the quantity of CO2 produced during combustion. The concentrations
of 17 PAH compounds were detérmined by GC-MS. The extraction and total PCB
concentration in sample Pier 63A was determined by GC-ECD.

DISCUSSION

The flux of sediment measured by the traps was extremely consistent between
pairs of traps; however, the differences between stations may be related to
Tocal resuspension.

The concentrations of metals, TOC, solids, and Pb-210 are typical for surface
sediments near the sediment trap stations. This indicates that local surface
sediments have a major influence on the chemistry of suspended matter. The
concentrations of PAHs were relatively high with concentrations of Pier 63A
being higher than EH-2. The total PCB concentration in Pier 63A trap
material was 267 ug/kg.

Enclosed are three invoices and three Agreement for Work Authorizations: one
for field sampling in Eagle Harbor, one for Eagle Harbor chemistry, and one
for the E1liott Bay field and chemistry. Please sign and return the
authorizations to me.

If you need additional information, please call me at 206/683-4151 or FAX
206/681-3699.

Sincerely,

Eric A. Crecelius
Senior Research Scientist

:at

Enclosures: Chemistry Tables
Field Logs
Invoices

Work Authorization Agreements

N



Concentrations of Metals, TOC, Solids, and Pb-210 in Sediment Traps
From Elliott Bay (May and June, 1990)

(pg/g dry weight except where noted)

PIER 63A PIER 63B
Al% 6.52 5.59
Si% 22.6 22.4
Ca% 1.82 1.69
Cr 94 93
Mn 584 548
Fe% 4.02 4.14
Ni 44 39
Cu 118 117
In 221 236
As : 16 15
Hg 0.74 0.76
Pb ' 156 186
TOC % - 3.9 4.7
Solids % 26.8 25.5

Pb-210 (dpm/g) 4.05 4.35




Quality Assurance Samples
Certified Reference Sediments

(sg/g dry weight
except where noted)

- 4 > n - —— - - - -

CRM PACS-1 CRM-1646 : MESS-1

This Study Certified This Study Certified This Study Certified

AT% 6.42 6.4 7.49 6.25 6.37 5.83
Si% 26.0 26.0 29.6 None 30.0 31.5
Ca% 2.07 2.09 0.89 0.83 0.53 0.48
Cr 109 113 81 76 65 71
Mn 475 470 354 375 502 513
Fet 4.84 4.87 3.39 3.35 - 3.05 3.05
Ni 51 44 37 32 33.0  29.5
Cu 420 452 21 18 23.2 25.1
Zn 796 824 133 138 190 - 191
As 169 . 211 13 11.6 10.1 10.6
Hg 4.61 4.57 ; - - -

Pb 386 404 25 28.2 33.6 34.0




PROJECT HART-CROWSER PAH'S DA
‘ UNITS ng/g dry wt
frcmm e recr e encem e Fmww—-——— Feccccae- oo e——— B Bt e n———-- toorccec—- + -
COMPOUND SRM
EH-1A  |EH-2A  |EH-3A  |BLANK
B T e il bt T Feccanna- T L S femnvanw T Fomnmre - Fecwmem—- +-
|NAPHTHALENE | 62 ] 300 ] 100 |<14 1 | 1 |
----------------------- D R R e R D R R S o2
|ACENAPHTHALENE | 180 | 270 | 160 |<I5 | | | ]
L e L TP L P Formemem—- e Fommm———— D T Fecccmn—— Forem———— Focmweww= +-
|ACENAPHTHENE | 81| 500 | 170 |<21 | [ | |
----------------------- B R i T Y bk TR Y
IFLUORENE | 150 | 740 | 250 |<21 | | | 1
----------------------- toecccccentecancwcvscteccccccrctecccarnecntencwccccctacncnccwteccacanaat
IDIBENZO THIOPHENE | 73| 260 | 120 |<16 1 | | ]
----------------------- L R Sy SRpppmeangns 1 R e et S T T 2
]PHENANTHRENE | 960 | 3500 | 1500 |<15 | { | |
L e b D T T L T T D Fevavoee= L D e T T L L TP tomnwa——— +-
]ANTHRACENE | 630 | 1200 | 790 |<16 | | l |
----------------------- tovavenaeteccvcvvveterecsveetercsnrcccteccrccscretevcccccetecccaeaat-
|FLUORANTHENE | 2200 | 4300 | 2500 |<16 ] | l |
----------------------- tocercnceetennwnevetencncnnceceteenrcenrtrrcecccceteccccaretrcecncneata
IPYRENE | 2000 | 3400 | 1900 |<14 | | | |
R b T TR P Fecamanw- toneomwa—— B T e T T Fecccce—- R Formmmeo=— “+-
]BENZO (a) ANTHRACENE | 980 | 2000 | 1100 |<15 | | ] |
----------------------- L T JpEpsupuaspR R e R et LD e T 2L
|CHRYSENE | 2000 | 3200 | 2100 <15 | | | |
----------------------- B e e Tt e S R e T T P
IBENZO (b) FLUORANTHENE | 1800 | 2400 | 1600 |<I12 | | | 1
----------------------- temmanweetecccnnsstecnceccetecnccvesteccccccctenvcvccctencccceat
IBENZO (k) FLUORANTHENE | 1200 | 1700 | 900 |<12 | | | |
....................... borecccertecanncsetcacssnacntennaercctenaccccctenccnccateccecaaaata
[BENZO (a) PYRENE | 1000 | 1500 | 930 |<I3 | | l |
----------------------- toecvenecatocnscenceteancecceenteccncccetercennccetecvcc et cc et
IINDENO(l 2,3-¢ d)PYRENEl 630 | 760 | 500 |<11 | | l |
------------------------------- tocmcccmetecncccoeteccecccstecccnenaterccacnateccaanaat-
IDIBENZO (a,h) ANTHRACEN| 180 | 250 | 145% |<10 | | | |
----------------------- RIS S R JRERER IS S e DL L e i
|BENZO (g,h,i) PERYLENE | 550 | 560 | 430 |<10 | | | 1
----------------------- tommmmeceteccreccetenccccccetecnecvevetencvcccetermrcnvc et nan et
ISURROGATE RECOVERY %
----------------------- temmmcmeetecanenaetescscanetecneneneteanencccteccncncctacccaaaata
|d8 NAPHTHALENE | 28 | 43 | 33 | 52 | | ] ]
----------------------- tomeccenetemcnceretenccncnceteccaneaetenesccnetecnnd e ccccaato
|d10 FLUORENE | 65 | 46 | 63 | 46 | | | |
frmcmc v ac v e accen- e ao—- trwmmcao- tomcananw- temmmo = Frmvcnn=- tewmcnww— fevecccew- +-
| d12CHRYSENE | 117 | 98 | 117 | 67 | l l I



PROJECT HART-CROWSER PAH'S
- UNITS ng/g dry wt

Fommmremccccmc e n—————— femmmma—— tomem———— N SR
COMPOUND PIER | PIER !
63A 638  |BLANK !
e e e e + towa eteccccaws
|NAPHTHALENE | 130 330 |<14
........ - Fecncmcoctonncccaeteannaama
]ACENAPHTHALENE | 1000 | 1100 |<I5
....................... B S SO S
IACENAPHTHENE | 400 690 |<21
....................... tonocvocvatencecnceteneanens
lFLUORENE | 950 | 1200 |<21
....................... Fomvcacvetravcacccctecanveeas
IDIBENZO THIOPHENE | 390 | 450 [<16
....................... N S A SEU
[PHENANTHRENE | 7200 | 6300 |<15
....................... ¥ Y S SEUUS
IANTHRACENE | 7400 | 7000 |<16
----------------------- tovvcccantecccncnnatemccaan.
IFLUORANTHENE | 13000 | 15000 |<16 |
Fommm e T e T
IPYRENE | 12000 | 13000 |<14
----- etecvccccctevnacsvetueccccces
]BENZO (a) ANTHRACENE | 8700 | 9000 |<l5
----------------------- frocccsswccPoenccveccbrcscanee
lCHRYSENE | 15000 | 15000 |<15
foew- Feccwncas Prcacvccwatocccaccaa
IBENZO (b) FLUORANTHENE | 11000 | 11000 {<1z
............................... tovovvecafeccavens

IBENZO (k) FLUORANTHENE | 8100 | 8000 ]<1z

- - - Ftoesmrcccoteaccvsvssteccceeee

[BENZO (a) PYRENE | 10000 | 10000 |<13
..... o cntecnccsweteccccews
|mmmuz3cdwmmﬂ 4m0| 4800 |<11

Puw- Povwcacavctecacecens

[DIBENZO (a,h) ANTHRACENI 1400 | 1500 |<10

Poccawcwed woweoaoeaetecscaecass

IBENZO (g.h,i) PERYLENE | 4200 | 4200 |<lo

“—towa ehovccccacateocnaaawwe
ISURROGATE RECOVERY %
L T ctovacaane tocccaccctbacvvaves
|d8 NAPHTHALENE | 17 | 35 | 52
+ -t S T PPN -
|d10 FLUORENE | 49 | 62 | 46
L 2 oevnenensPeoccenacnteocacesa

| d12CHRYSENE | 129 1 120 | 67.



HART CROWSER PROJECT
May, 1990

Sediment TRAP Installation Data

) A ] Izl
Station #: Fier G — £ f,//,g#bfj
Date: _3’/’2/467 Time: [ 33C hes

Station i)escription: /Z/x’ar +he c{océ @ Ae}-(;é/ o A

L/;\Z /00'7[?71' ‘Y[:"C“'vv’) 7L}\€ ‘@1‘;\ 01[ 7‘11-(’40(,& M /@Q/MW

T The Mw%’fldafatﬁ ét??(a,@aw oL )35°
) i 7 ’

Loran C: Latitude: 47935,33
Longitude: 122°23.2¢
T™1: 27996 4 T02: 4224/,2
Bottom Depth: (5 £+ feet

TRAP ASSEMBLY #: &

COMMENTS:

1 - Position of Grapple Lines: Fora U4 T oudlills ”2

/

2 - Weather: C&-udlu M Malé C&/w;/q//hr/w
/

~ 5 T
NG i nd,

e e 4 s eh oy s e

R 1318 Bapd 22 h, o) igi-a N



HART CROWSER PROJECT
May, 199C

Sediment TRAP Irstallation Data

Station #: /l{—r— bt~ 6 ~ ///(“L( /54/7/
Date: j/»—/?(\ Time: / 33’—0

tation Descmpaon: J—'f/c—»—»é ced 'QL/—,Q |
7}\& ’?lr*a./:_ '\/u./v./ w oo 7’/6\{ W{b ZL/_C?/\Q 0(1"/2

JooLt —ﬁ‘u—rr\ Tl /fo caL a_ /&M p/ﬁ L 00°,

Loran C: Latitude:

MDomger OH-F

Long1 tude: ¢
TD1: TD2:

Bottom Depth: & ¢ feet

TRAP ASSEMBLY #: =7/

COMMENTS:

-1 - Position of Grapple Lines: PMM 13-_%
A he ozﬁm el

2 - Weather: CM 7 M,M cg_awq T L,






