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Executive Summary

EXECUTIVE SUMMARY

In early 2001, Georgia-Pacific West, Inc. (G-P) completed construction of a combined sediment
cleanup/habitat restoration action at the G-P Log Pond in Bellingham Bay. The project
converted subtidal mudflat/debris and low intertidal riprap, all of which previously exceeded
Washington State sediment quality standards (SQS), into clean intertidal and shallow subtidal
silt and sand habitat. Consistent with agency requirements, G-P performed post-construction
monitoring within the Log Pond to verify the integrity and performance of the cap, and to

document the development of habitat functions within the Log Pond.

This report presents data collected during the first year of post-construction monitoring. The
results of Year 1 monitoring are summarized below:

e Surface sediment physical monitoring within the Log Pond verified that the cap/habitat
surface has maintained its integrity following construction, and has now developed
suitable strength to generally resist further erosion.

¢ Sampling at the margins of the Log Pond cap documented continued attainment of
surface water and sediment quality protection objectives within the nearshore seepage
zone of the cap. These data also verify remedial design predictions of limited mobility
of mercury within the Log Pond cap/habitat embankment.

e All chemical concentrations in both surface and subsurface zones of the cap/habitat layer
were well below SQS chemical criteria. Moreover, samples collected 1.0 to 1.5 feet above
the bottom of the cap were also below SQS chemical criteria, indicating that the capping
method used by G-P successfully minimized mixing of underlying contaminated
sediments into the bottom of the clean cap. These data also verify that chemicals are not
migrating vertically into the cap/habitat layer.

e Biological monitoring data revealed that within several months of construction,
epibenthic and benthic biomass, species richness, diversity and evenness within the Log
Pond recovered to Chuckanut Bay reference values, consistent with remedial design

predictions of rapid re-colonization.

Physical, chemical, and biological monitoring of the Log Pond will continue during Years 2, 5,

and 10 to document the long-term effectiveness of the remedial/habitat restoration action.
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Introduction

1 INTRODUCTION

In late 2000 and early 2001, Georgia-Pacific West, Inc. (G-P) implemented a combined sediment
cleanup/habitat restoration action at the G-P Log Pond, part of the Whatcom Waterway Site
located in inner Bellingham Bay, Washington (Figures 1 and 2). The integrated remediation and
habitat restoration project was performed as an Interim Remedial Action under the authorities
of the State Model Toxics Control Act (MTCA; Chapter 173-340 WAC; RCW 70.105D), as set
forth in an Agreed Order for this action between G-P and the Washington Department of
Ecology (Ecology). The project was also authorized under Clean Water Act Permit No. 2000-2-
00424 administered by the U.S. Army Corps of Engineers (Corps).

G-P prepared a Completion Report for the Log Pond project in May 2001 (Anchor 2001). The
Completion Report described the placement of approximately 43,000 cubic yards (cy) of clean
cap/habitat restoration material from regional maintenance dredging projects into the Log
Pond. Relatively fine-grained Squalicum Waterway dredge materials were used to construct
the final Log Pond surface. The total placed thickness ranged from approximately 0.5 feet along
the cap perimeter (e.g., adjacent to structures) to 10 feet within the interior of the project area.
Nearly all of the Log Pond received more than 3 feet of cap/habitat restoration material,
tapering to less than 0.5-foot-thick along the perimeter, consistent with the Agreed Order and

associated remedial design (Anchor 2000).

The Log Pond remedial/restoration project converted 1.8 acres of deep subtidal, 2.7 acres of
shallow subtidal mudflat/debris, and 1.1 acres of low intertidal riprap, all of which previously
exceeded MTCA/Sediment Management Standards (SMS) cleanup criteria, into 2.7 acres of
shallow subtidal and 2.9 acres of low intertidal clean silt and sand habitat. The construction

project achieved its intended goal of restoring shallow subtidal and low intertidal habitat to the
Log Pond.

Consistent with the requirements of the Agreed Order and Corps permit, G-P performed Year 1
post-construction monitoring within the Log Pond beginning shortly after completion of in-

water construction activities. As set forth in the final Operations, Maintenance, and Monitoring
Plan (OMMP) for the project (included as Appendix C of the Completion Report; Anchor 2001),
monitoring is being performed by G-P to verify the integrity and performance of the cap, and to

document the development of habitat functions within the Log Pond.

Draft Year 1 Monitoring Report 1 . 2 December 2001
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Introduction

This monitoring report presents data collected to satisfy the Year 1 monitoring requirement of
the OMMP. Monitoring activities during Year 1 included:

e Surface sediment physical and chemical monitoring within the Log Pond to verify that
the cap/habitat surface has not substantially eroded from propeller wash or storm wave
forces, and to demonstrate that surface sediment chemistry within the Log Pond meets
SMS Sediment Quality Standards (SQS) chemical criteria

e Sampling of seepage quality at the margins of the Log Pond cap to document attainment
and maintenance of surface water quality Protec’a’on objectives within the nearshore
seepage zone of the cap .

e Biological monitoring within the Log Pond area, to document the rate of epibenthic and

benthic infauna re-colonization

Results of the Year 1 monitoring are presented in the sections below.
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Report Organization

2 REPORT ORGANIZATION

The remainder of this report is organized as follows:

Section 3 — Physical Integrity

Section 4— Upland Source Control Monitoring — Well Point Water Quality
Section 5 — Cap Sediment Quality Monitoring

Section 6 — Biological Monitoring

Section 7 — References

Figures and Tables summarizing each monitoring element are presented at the end of the text.

Appendices provide supporting project documentation and are organized as follows:

Appendix A — Sediment Geotechnical Data

Appendix B — Well Point Field Logs

Appendix C — Laboratory Report — Well Point Chemistry

Appendix D - Surface and Subsurface Sediment Field Logs

Appendix E — Laboratory and Data Validation Reports — Sediment Chemistry
Appendix F — Huxley College Report — The Log Pond Restoration Project: Structure and

Function of the Benthic Community
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Physical Integrity

3 PHYSICAL INTEGRITY

In late February 2001, shortly after completion of in-water construction, G-P performed a
detailed bathymetric survey of the Log Pond. These data, presented in the Completion Report

(Anchor 2001), provided post-construction baseline information to assess the long-term stability
of the cap/habitat system.

The Log Pond cap/habitat restoration action was designed to be maintained at elevations very
similar to the initial constructed condition, even following major storm events (Anchor 2000).
Nevertheless, disturbances of the surface from variable storm conditions, resulting in dynamic
beach equilibrium processes typical of mudflats, are expected to result in periodic disturbances
of the cap/habitat surface, leading to localized areas of accretion and erosion. These changes,
which are characteristic of such normally dynamic systems, were predicted during remedial
design to be relatively minor (Anchor 2000). Based on previous habitat restoration experience
in Puget Sound (e.g., Simpson and Champion 1999), the most pronounced changes are expected
within the first two years following construction, as the sediment redistributes to achieve its

new equilibrium condition.

A range of physical monitoring methods was used during Year 1 to assess the physical integrity
of the cap surface. These methods included detailed bathymetric surveys, and physical testing
of the cap surface. Physical testing included vane shear strength, moisture content, grain size,

and Atterberg limit determinations.

3.1 Bathymetric Survey

In accordance with methods specified in the OMMP (Anchor 2001), a bathymetric survey of
the Log Pond was performed on October 9, 2001 over the full extent of the capping area,
approximately 7 months after completion of construction. Survey methods and transect
locations were equivalent to methods used during the initial February 2001 survey, in order

to support detailed comparisons.

A comparison of the February 2001 baseline bathymetry with the October 2001 survey is
presented in Figure 3. Overall, the surface of the cap/habitat appeared to consolidate and/or
settle by several inches during the initial 7-month period, consistent with design estimates

(Anchor 2000). Excluding such consolidation/settlement, more than 95 percent of the
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Physical Integrity

cap/habitat surface did not exhibit any discernable change in elevation over the 7-month
period. However, localized erosional areas were noted near both the center and margin of
the cap/habitat surface, consistent with the expected redistribution/equilibration of the new
sediment surface. Localized areas of erosion appeared to be most pronounced adjacent to
relatively steep shoreline riprap slopes. The extent of erosion observed in these localized
areas typically varied between 0.5 and 1.0 feet. Corresponding areas of sediment accretion

were noted near the northeast end of the Log Pond cap.

Based on the October 2001 bathymetric survey, the former Log Pond sediment surface is
presently covered by more than 3 feet of cap/habitat restoration material throughout the
target capping area, tapering to zero along the perimeter, consistent with the Agreed Order
and associated remedial design (Anchor 2000). The cap/habitat layer ranged up to 10 feet

thick within the interior of the project area (Figure 4).

3.2 Physical Analyses

As discussed in the Engineering Design Report (Anchor 2000), immediately following
construction, the Log Pond mudflat surface may not have achieved sufficient strength to
resist erosion from certain wake and wave forces in this area. Accordingly, a log boom was
installed near the offshore boundary of the cap to attenuate incoming waves and wakes,
mitigating the effect of such forces and facilitating rapid stabilization of the mudflat surface.
As the cap/habitat surface consolidates within the first year following construction, the
strength of the surface increases. As set forth in the project design, the surface of the Log
Pond cap needs to exhibit critical shear strength greater than approximately 0.2 Ib/ft* in

order to resist erosion from ambient wakes and waves.

In order to document the development of shear strength on the Log Pond surface, a number
of physical tests were performed in October 2001. Analyses included:

e Vane shear tests

e Moisture content

e Grain size

o Atterberg limit determinations

The results of each test are described below.
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3.2.1 Shear Strength

Consistent with OMMP requirements, vane shear tests of surface sediment were
completed at six (6) sediment sampling locations within the Log Pond using a field
inspection vane tester, consistent with ASTM Method D 2573-94 (Model M-3). Sampling
locations are depicted on Figure 5. Vane shear tests were completed at four sub-
locations at each sampling site. Each test was positioned at least five vane diameters

away from an adjacent test.

Table 1 summarizes the vane shear test results. As the vane shear test was developed
for cohesive materials, the results of other physical tests including moisture content,
grain size, and Atterberg limits need to be considered when interpreting the vane shear

data. The results of these supporting analyses are discussed below.

3.2.2 Moisture Content

A representative surface sediment sample was collected at each of the six (6) sediment
sampling locations at the time of vane shear testing (see Figure 5 for locations). All
samples were submitted for moisture content analysis. The results are summarized in

Table 1 and are included in Appendix A.

3.2.3 Grain Size

Two (2) representative surface sediment samples (WP-1 and WP-2) were submitted for
grain size analysis in accordance with ASTM D-422. Two (2) other samples (S5-75 and
SS-40) were processed through a No. 200 sieve in accordance with ASTM D-1140 to
determine the fines content. The fines content (percent passing the No. 200 sieve) of all
four (4) samples was as follows:

e WP-1- 1.9 percent fines

e WP-2-13.2 percent fines

e 5S-75-15.0 percent fines

e 55-40 - 10.9 percent fines

Samples at Stations 55-76 and SS-301 were not submitted for grain size analysis, as

samples 55-40 and SS-75 are representative of these stations.
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3.2.4 Atterberg Limit Determination

Two (2) representative surface sediment samples (S5-76 and $5-301) were submitted for
Atterberg limit determinations in accordance with ASTM D-4318. Test results,

presented in Appendix A, revealed that both samples were not plastic.

3.2.5 Critical Shear Strength

As discussed in the Engineering Design Report (Anchor 2000), the experimental
relationship between the critical shear stress and vane shear strength and plasticity
measurements was used to evaluate whether sufficient strength has developed on the
cap/habitat surface to resist wave- and current-induced erosive forces. The results of
this evaluation are summarized in Table 1, and reveal that all sediment samples
collected from the surface of the Log Pond cap exhibited critical shear strengths greater
than 0.2 Ib/ft2. Thus, approximately 7 months after construction, the entire cap surface
appears to have consolidated sufficiently to be able to resist erosion from ambient wakes

and waves.

3.3 Summary of Physical Integrity

Based on the discussion above, Year 1 physical monitoring data collected at the Log Pond
verify that capping materials placed at the Log Pond have not been eroded significantly by
vessel propeller wash or storm wave forces. Moreover, the Year 1 thickness of the Log Pond
cap/habitat, extending from the cap perimeter adjacent to structures/riprap into the interior
of the project area, is consistent with objectives set forth in the Agreed Order and associated

remedial design (Anchor 2000).

These data also verify remedial design predictions that the surface of the Log Pond
cap/habitat has developed suitable strength to generally resist further erosion.
Nevertheless, periodic disturbances of the surface from variable storm conditions, resulting
in dynamic beach equilibrium, are expected to continue to result in disturbances of the
mudflat surface. These changes, which are characteristic of such normally dynamic
systems, are predicted to be relatively minor, and will be monitored by performing

bathymetric surveys during Years 2, 5, and 10, as set forth in the OMMP. Because the
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critical shear strength specified by the project design has already been achieved, no further

vane shear testing or Atterberg determinations are necessary.
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Upland Source Control Monitoring — Well Point Water Quality

4 UPLAND SOURCE CONTROL MONITORING - WELL POINT WATER QUALITY

During remedial design, primary seepage pathways to the Log Pond shoreline were sampled
using monitoring wells and shoreline well points (Anchor 2000). These sampling data were
evaluated to ensure that water and sediment quality within the Log Pond would be protected
following completion of the interim remedial action. Pre-project discharges to the Log Pond
were found to be protective of water and sediment quality, provided that concentrations

continue to be maintained at or below baseline concentrations.

Under the terms of a separate Agreed Order with Ecology, G-P is currently performing a
supplemental remedial investigation/feasibility study (RI/FS) of the former G-P chlor-alkali
facility located adjacent to the Log Pond. The supplemental RI/FS is providing data, analyses,
and engineering evaluations to develop and evaluate a set of feasible remediation alternatives
for the chlor-alkali facility uplands (including groundwater) that will meet environmental

. standards set forth in MTCA, including protection of the Log Pond, and support site
redevelopment plans. This work led to the implementation (in 2001) of additional upland
source controls, including reduction of infiltration through paving, to further reduce mercury
loading and provide additional protection of the Log Pond. Further upland and shoreline
remediation actions are being evaluated. Additional habitat restoration actions within the Log

Pond shoreline area (e.g., near riprap and bulkhead structures) are also being considered.

The MTCA Cleanup Standards Regulation (Chapter 173-340 WAC) and State Surface Water
Quality Standards (Chapter 173-201A WAC) specify that surface water quality standards are
applicable at the point of discharge into surface waters. Well point sampling devices were used
during the Year 1 monitoring to evaluate compliance with this criterion. As summarized in the
Agreed Order and associated remedial design (Anchor 2000), the applicable surface water
quality standards for mercury are:

e Acute criterion (1-hour average concentration) — 1.8 ug/L

e Chronic criterion (48-hour average concentration) —0.025 ug/L

The objectives of long-term well point water quality monitoring at the Log Pond were to verify
compliance of seepage discharges with State Surface Water Quality Standards, and to verify
remedial design predictions of limited mobility of mercury within the Log Pond cap/habitat
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embankment. This section discusses the collection activities, sample analyses, data quality

assessment, and results of the well point monitoring.

41 Well Point Sampling Activities

Water quality monitoring was conducted on May 9, 2001 at two (2) well point locations
(WP-1 and WP-2) within the Log Pond, in accordance with the OMMP. Well point sampling
locations are depicted in Figure 6 and station coordinates are provided in Table 2. Both of
the well points were positioned at the margins of the cap. Water samples were collected
with a 1-foot-long temporary screen placed within the cap section immediately above the

pre-cap sediment surface. Well point field logs are presented in Appendix B.

The May 9, 2001 sampling event coincided with typical maximum seasonal groundwater
discharge conditions, and also with a spring tide event characterized by a relatively large
daily tidal variation. The well point samples were collected shortly after low tide (-0.8 feet
below mean lower low water), in order to characterize minimum tidal dilution conditions.
Thus, water samples collected from the well points are generally representative of daily
maximum seepage concentrations discharging into the Log Pond, comparable to the acute
water quality criterion discussed above. Because of tidal dilution during flood tides, 48-
hour average concentrations at the well point locations (comparable to a chronic exposure

condition) are much lower (see below).

One filter blank for dissolved mercury analysis was submitted to the laboratory with the
well point samples. The purpose of the filter blank was to assess the degree to which
dissolved mercury was added or removed during field operations such as equipment
decontamination procedures. The equipment decontamination procedures were successful,

as evidenced by an acceptably low dissolved mercury concentration detected in the filter

blank (see Table 3).

Several minor deviations from the OMMP were necessary:
 Well point station WP-2 was moved north approximately 100 feet from the location
proposed in the OMMP. This adjustment was necessary because the original site did
not exhibit discernable seepage. The Year 1 WP-2 sample location was positioned

within a visible seep, and is more representative of local discharges.
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e A hand-auger and sand pack were not needed for the installation of well points. Site
conditions were suitable for direct installation of the well points. That is, the well
points could be pushed in by hand. Turbidity measurements indicated that suitably
low turbidity water (less than 50 nephelometric turbidity units) was withdrawn from

the well points within a minute of the start of sampling/pumping activities.
The filter blank for dissolved mercury was collected at the laboratory upon sample delivery.

4.2 Well Point Chemical Analyses

Two (2) well point samples, one each from WP-1 and WP-2, were submitted to Frontier
Geosciences, Inc. for low-level total and dissolved mercury in accordance with analytical
methods identified in the OMMP. The overall data quality objectives for collection and
chemical testing of well point samples were met, as set forth in the OMMP. All data for this
project are considered acceptable for use. Laboratory reports for well point chemical

determinations are presented in Appendix C.

4.3 Well Point Water Quality Results Discussion

Dissolved mercury concentrations detected at WP-1 and WP-2 were 0.0059 ug/L and 0.0074
ug/L, respectively. As discussed in the Engineering Design Report (Anchor 2000), dissolved
mercury concentrations are more representath}e (than total concentrations) of mercury
available for transport. Dissolved mercury concentrations detected in WP-1 and WP-2 were
well below both the acute (1.8 ug/L) and chronic (0.025 ug/L) water quality standards for
mercury, and were also below conservative sediment protection criteria discussed in the

Design Report.

Total mercury concentrations detected at stations WP-1 and WP-2 were 0.0579 ug/L and
0.0304 ug/L, respectively. Although total mercury concentrations detected in these well
points were somewhat greater than the 0.025 ug/L chronic (48-hour-average) water quality
criterion, the well point data are representative of minimum tidal dilution conditions, and
overestimate the average concentration that would be comparable to the chronic criterion, as
outlined above. Based on tidal dilution modeling performed at other similar shoreline sites
within the Whatcom Waterway area (Anchor and Aspect 2001; ReTec 2001), 48-hour-

average seepage concentrations are expected to be at least 4 times lower than peak (i.e., low
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tide) seep discharge concentrations. Thus, compliance with water quality criteria is

indicated.

Shoreline well point samples collected during Year 1 were similar to or lower than pre-
construction baseline concentrations. Total and dissolved mercury concentrations in
shoreline well points sampled in April 2000 averaged 0.0490 ug/L and 0.0125 ug/L,
respectively, compared with May 2001 averages of 0.0442 ug/L and 0.0067 ug/L,

respectively.

Based on the discussion above, Year 1 water quality monitoring data collected at the Log
Pond indicate compliance of seepage discharges with State Surface Water Quality
Standards. These data also verify remedial design predictions of limited mobility of

mercury within the Log Pond cap/habitat embankment.

As set forth in the OMMP, well point monitoring will continue during Years 2, 5, and 10 to
document attainment and maintenance of surface water quality protection objectives within
the nearshore seepage zone of the cap. As appropriate, the Year 5 monitoring report will
include a statistical evaluation of mercury concentration trends, and a detailed evaluation of

compliance with applicable water quality standards.
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5 CAP SEDIMENT QUALITY MONITORING

As part of the Whatcom Waterway Site RI/FS (Anchor Environmental and Hart Crowser 2000),
surface sediment samples were collected in 1996 at representative locations within the Log
Pond. The RI/ES concluded that the Log Pond contained the highest mercury levels at the Site,
with surface sediment mercury concentrations ranging from 1 to 12 milligrams per kilogram
(mg/kg; dry weight basis) as well as elevated phenol concentrations (to 1.8 mg/kg dry weight)

and greater than 50 percent wood material by volume.

As discussed above, a clean sediment cap was constructed in the Log Pond in late 2000/early
2001. The bottom (Phase I) layer of the cap was constructed with sand, and was placed ina
manner that minimized the potential for mixing of the cap with underlying sediments. Finer-
grained native silt material was used for the final (Phase II) cap surface, providing a base

seeding of endemic Bellingham Bay benthic fauna, facilitating rapid colonization of the mudflat.

The SMS (Chapter 173-204 WAC) specify that sediment quality criteria are applicable within the
upper biologically mixed layer of sediments, which has been generally defined in Bellingham
Bay as the top 12 cm of sediment (Anchor Environmental and Hart Crowser 2000). As set forth
in the OMMP, sampling of surface sediments at four (4) Whatcom Waterway RI/FS locations,
along with surface sediments in shoreline seepage zones (near WP-1 and WP-2) determine
compliance with SMS criteria. Applicable SQS chemical and optional confirmatory biological
testing criteria for surface sediments are set forth in the Agreed Order and associated
Engineering Design Report (Anchor 2000). Sediment coring was also performed during Year 1

to verify the predicted lack of upward migration of mercury through the cap.

This section discusses the collection activities, sample analyses, data quality assessment, and
results associated with the sediment samples collected as part of the OMMP. Sample collection

logs for surface and subsurface sediments are provided in Appendix D.

5.1 Surface Sediment Sampling Activities
Surface sediment samples from the 0 to 12-cm biologically mixed surface layer were
collected at six (6) locations within the G-P Log Pond June 29, 2001 in accordance with the

OMMP. Surface sediment sampling locations are depicted in Figure 5; station coordinates

are provided in Table 2.
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5.2 Subsurface Sediment Sampling Activities

Subsurface sediment samples were collected at four (4) locations within the G-P Log Pond
June 27-29, 2001 in accordance with the OMMP. Subsurface sediment sampling locations
are depicted in Figure 5 and station coordinates are provided in Table 2. Sediment sampling

logs are presented in Appendix D.

As described in the OMMP, sample intervals were selected from the sediment cores
collected based on physical observations, particularly the delineation of Phase I and I
capping layers. The Phase L cap consisted of a fine to medium sand while the Phase II cap
primarily consisted of a very sandy silt to very silty sand. Target intervals for each sediment
core were as follows:

e Interval A —0.4 to 1.0 feet below mudline

e Interval B — 1.0 to 1.5 feet below mudline

e Interval C — 1.0 to 1.5 feet above the Phase I/II cap interface

e Interval D - 1.0 to 1.5 feet above the bottom of the Phase I cap

e TInterval E— 1.0 to 1.5 feet below the bottom of the Phase I cap (representing the

material present prior to cap placement)

Due to the variation in Phase I and Phase II cap thickness throughout the capping area, it
was not possible to collect all interval types for all cores. However, sample collection and
processing procedures for the subsurface sediment samples did not deviate substantively
from the OMMP, and did not affect the quality or usability of the data. A summary of
interval types collected and their sample numbers is presented below:

e Core SC-40 — The Phase I/II cap interface was identified at 1.0 foot below mudline
with the bottom of the Phase I cap at 1.3 feet below mudline. Interval E was
collected at 2.3 to 2.8 feet below mudline and was identified as Sample SC-40E.

e  Core SC-75 — The bottom of the Phase I cap was identified at 1.4 feet below mudline.
Interval E was collected at 2.4 to 2.9 feet below mudline and was identified as
Sample SC-75E.

e Core SC-76 — The Phase I/II cap interface was identified at 2.6 feet below mudline
with the bottom of the Phase I cap at 4.0 feet below mudline. Interval A was
collected at 0.4 to 1.0 feet below mudline and was identified as Sample SC-76A.
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Interval B was collected at 1.0 to 1.5 feet below mudline and was identified as
Sample SC-76B. Interval C was collected at 2.0 to 2.5 feet below mudline and was
identified as Sample SC-76C. Interval D was collected at 2.6 to 3.0 feet below
mudline and was identified as Sample SC-76D. Interval E was collected at 5.0 to 5.5
feet below mudline and was identified as Sample SC-76E.

e Core SC-301 — The Phase I/II cap interface was identified at 3.0 feet below mudline
with the bottom of the Phase I cap at 6.3 feet below mudline. Interval A was
collected at 0.4 to 1.0 feet below mudline and was identified as Sample SC-301A.
Interval B was collected at 1.0 to 1..5 feet below mudline and was identified as
Sample SC-301B. Interval D was collected at 4.8 to 5.3 feet below mudline and was
identified as Sample SC-310D. Interval E was collected at 7.3 to 7.8 feet below
nﬂudline and was identified as Sample SC-301E.

5.3 Field Quality Assurance Samples

Two types of field blanks were collected for the surface and subsurface sediment samples.
One equipment rinsate blank for surface sediments, one equipment rinsate blank for
subsurface sediments, and one field blank were submitted to the laboratory with the
sediment samples for chemical analyses. The purpose of the equipment rinsate and field
blanks was to assess the degree to which a parameter of interest was added or removed
during field operations such as equipment decontamination procedures. The equipment
rinsate blank was prepared by pouring distilled water over the decontaminated sampling
and compositing equipment into an appropriate (pre-preserved, if necessary) sample jar.
The field blank was collected by pouring distilled water directly from its container into an
appropriate (pre-preserved, if necessary) sample jar. The rinsate and field blanks were
analyzed for total mercury and miscellaneous extractable compounds. No compounds or

analytes were detected in the equipment rinsate or field blanks (see Table 4).

5.4 Surface and Subsurface Sediment Chemical/Physical Analyses

Six (6) surface sediment and eleven (11) subsurface sediment samples were submitted to
Analytical Resources, Inc. (ARI) for chemical and physical testing in accordance with Puget

Sound Estuary Program (PSEP) protocols (PSEP 1997) as specified in the OMMP.
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The overall data quality objectives for collection and chemical testing of sediment samples
were met, as set forth in the OMMP. All data for this project are considered acceptable for
use as qualified. The data validation report is presented in Appendix E of this report.

5.5 Sediment Quality Results Discussion

In accordance with the OMMP, all sediment chemistry data were compared to the
Washington State SQS chemical criteria. The sediment chemistry results along with SQS

chemical criteria are provided in Table 4.

All total mercury and miscellaneous extractable organic chemical concentrations in both
i surface and subsurface sediment samples collected within the cap/habitat layer (i.e., above
pre-construction Interval E sediments) were well below 5QS chemical criteria. Even the
Interval D samples, collected 1.0 to 1.5 feet above the bottom of the Phase I cap, were well
‘ below SQS chemical criteria, indicating that the Phase I capping method successfully
minimized mixing of underlying contaminated Interval E sediments into the bottom of the
‘ clean cap. These data also verify that that mercury and miscellaneous extractable

compounds are not migrating vertically into the cap/habitat layer.

As set forth in the OMMP, surface sediment monitoring within the Log Pond will continue

l during Years 2, 5 and 10 to document the effectiveness of the cap/habitat restoration action
in achieving and maintaining SMS criteria. Sampling will be coordinated with benthic

t macroinvertebrate sampling activities (see Section 6). In addition, during Years 5 and 10,
sediment cores will be collected at representative locations within the Log Pond to verify the

‘ predicted lack of upward migration of mercury through the cap. Possible contingency

actions are discussed in the OMMP (Anchor 2000).

After the 5-year and 10-year monitoring periods, the data will be summarized and reviewed
‘ by Ecology (in consultation with the Corps and other agencies, consistent with the

Bellingham Bay cooperative agreement) as part of the 5-year MTCA remedial action review.
| This review will determine the need for and/or scope of future monitoring that could be

implemented as part of the long term monitoring assessment of the integrated Bellingham

Bay Pilot Project.
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6 BIOLOGICAL MONITORING

The integrated remediation and habitat restoration action at the Log Pond was designed to
improve the overall quality and function of aquatic habitat in this area. Significant long-term
habitat functional benefits anticipated by this action include:

e Increased epibenthic production

e Increased rearing area for juvenile salmonids and other resources

e Enhanced migratory corridor and habitat connectivity

While the MTCA process does not require evaluation of this habitat restoration action, because
of the integrated nature of this project, biological monitoring has been incorporated in the
OMMP. The habitat monitoring plan described in the OMMP (Anchor 2000) was designed to
allow verification of predicted habitat function improvements, particularly relative to |
epibenthic and benthic infauna production. Tissue monitoring was also performed to verify
that the cap is effective in controlling bioaccumulation exposures, and to ensure that productive

biological communities become established in the Log Pond area.

As discussed in the Whatcom Waterway Site RI/FS (Anchor and Hart Crowser 2000), mercury
has been observed to bioaccumulate in certain Site fish and shellfish populations, particularly
Dungeness crab. As with other fish and shellfish species, mercury concentrations in Dungeness
crab muscle tissue are highest in older crab individuals, consistent with age-dependent
bioaccumulation of mercury. However, even the maximum adult tissue concentrations
reported in this area are below conservative benchmark concentrations calculated to protect

tribal fishers and sensitive wildlife that may consume relatively large amounts of seafood.

With the exception of beach seine monitoring elements, Year 1 biological monitoring was
performed in accordance with the OMMP. However, while beach seining was authorized
under the Agreed Order and by a permit from the U.S. Fish and Wildlife Service (USEWS5), the
required permit for this activity from the National Marine Fisheries Service (NMF5) was not
forthcoming. Therefore, in accordance federal regulations, no beach seine monitoring to
document utilization of the Log Pond during the juvenile salmonid outmigration period was

performed during Year 1.
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6.1 Benthic/Epibenthic Re-colonization

Using methods described in the OMMP, benthic and epibenthic re-colonization within the
Log Pond was evaluated by Western Washington University’s Huxley College of
Environmental Studies. Huxley’s benthic/epibenthic community report is included as

Appendix F.

6.1.1 Benthic and Epibenthic Sampling Activities

Biological sampling included collection of triplicate epibenthic and benthic samples at
three (3) stations within the Log Pond (55-74, 55-75, and SS-76; Figure 5), and two
comparable reference stations is Chuckanut Bay. The Chuckanut Bay reference stations
were selected to represent similar water depth, sediment grain size composition,
sediment organic content, and exposure characteristics as the Log Pond stations;
sampling data confirmed this match. Epibenthic sampling occurred on May 14-15 and
June 25, 2001, approximately 3 and 4 % months, respectively, following completion of
construction activities in the Log Pond. Benthic sampling was conducted on June 25,

2001.

6.1.2 Benthic and Epibenthic Sample Analysis
Benthic and epibenthic invertebrates were sorted and identified to the lowest taxonomic
level. The dry weight biomass of each broad taxonomic group (e.g., annelids,

polychaetes, molluscs, and crustaceans) was also measured.

Statistical analyses of the macroinvertebrate samples included calculations of the total
number of invertebrate species, the Shannon-Weiner diversity index, and Pielou’s
evenness index. Differences between the Log Pond and Chuckanut Bay data were

evaluated using analysis of variance (ANOVA) and hierarchical cluster analyses.

6.1.3 Benthic and Epibenthic Re-colonization Results

No significant (P > 0.05; ANOVA) differences in either epibenthic or benthic biomass
were observed between the Log Pond and the Chuckanut Bay reference area (biomass
tended to be higher in the Log Pond, though this difference was not significant).

Similarly, the Log Pond and Chuckanut Bay reference area samples exhibited similar
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numbers of invertebrate species, and had similar levels of diversity and evenness, for

both epibenthos and benthos.

Cluster analysis results revealed that the structure of the epibenthic community was
similar between the Log Pond and Chuckanut Bay. However, the structure of the
benthic community appeared different between the two sites, as the Log Pond

community was dominated by polychaetes, while the Chuckanut Bay community

contained a higher proportion of crustaceans.

As described in more detail in Appendix F, the Year 1 benthic and epibenthic sampling
data document that a healthy invertebrate community was established within the Log
Pond within several months following completion of construction, consistent with
remedial design predictions (Anchor 2000). As set forth in the OMMP, benthic and
epibenthic sampling will continue during Year 2. The need for and/or scope of
subsequent evaluations of benthic/epibenthic re-colonization in Years 5 and 10 will be

determined based on an evaluation of data from the first two years of monitoring.

6.2 Bioaccumulation Monitoring

This section discusses the collection activities, sample analyses, data quality assessment, and
results associated with the juvenile Dungeness crab bioaccumulation samples collected as

part of the OMMP.

6.2.1 Juvenile Crab Sampling Activities

Juvenile crab bioaccumulation sampling was conducted on July 31, 2001 at three (3)
locations (Stations SS-74, SS-75, and SS-76) within the G-P Log Pond in accordance with
the OMMP. Juvenile crab sampling locations in the G-P Log Pond are depicted in Figure

5 and station coordinates are provided in Table 2.

Sample collection and processing procedures for the juvenile crab sampling did not
deviate from the OMMP, with the exception that juvenile crab tissue samples were not
collected from the reference area in Chuckanut Bay. Shrimp pots were placed at two

locations within Chuckanut Bay for approximately 8 hours without trapping any crabs.
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6.2.2 Juvenile Crab Sample Analysis

Three juvenile crab replicate samples from each of the three (3) sampling stations, with
two to three individual juvenile crabs comprising each replicate, were submitted to
Frontier Geosciences, Inc. for the analysis of total mercury. The tissue samples were

analyzed in accordance with the OMMP using Frontier’s total mercury method FGS-011.

The overall data quality objectives for collection and chemical testing of the crab tissue
samples were met, as set forth in the OMMP. All data for this project are considered

acceptable for use.

6.2.3 Juvenile Crab Results

Juvenile Dungeness crabs ranging in carapace length from 53 to 73 mm were collected
for analysis. Whole-body total mercury concentrations in juvenile crab tissues
(including carapace) ranged from 0.015 to 0.049 milligrams per kilogram (mg/kg; wet
weight basis), averaging 0.023 mg/kg throughout the G-P Log Pond area (Table 5). The
average whole-body total mercury concentration in juvenile crab tissues prior to
construction averaged 0.019 mg/kg, which does not differ significantly from the Year 1
post-construction average of 0.023 mg/kg. These values, however, are more than 10
times lower than conservative benchmark concentrations calculated to protect tribal
fishers and sensitive wildlife that may consume relatively large amounts of seafood

(Anchor and Hart Crowser 2000).

As set forth in the OMMP, bioaccumulation sampling will continue during Years 2, 5

and 10, to document the continued effectiveness of the restoration action.

After the 5-year and 10-year monitoring periods (potentially including juvenile
salmonid beach seining, pending NMFS permitting), the biological monitoring data will
be summarized and reviewed by Ecology (in consultation with the Corps and other
agencies, consistent with the Bellingham Bay cooperative agreement) as part of the 5
year MTCA remedial action review. This review will determine the need for and/or
scope of future monitoring that may be implemented as part of the long term

monitoring assessment of the integrated Bellingham Bay Pilot Project.
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Table 2

G-P Log Pond Sampling Station Coordinates (Actuals)

YA R

Station coordinates are reported in NAD 83 north zone.
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: ationilE Eatittde =re e i ibontitude e tE S
Well Points
WP-1 48 44,7567 122 29.4667
WP-2 48 44,8105 120 29.3956
Surface Sediments
S$S-40 48 44,7918 122 29.5146
SS8-75 48 44,8314 122 29.4588
§S-76 48 44 8677 122 29.3764
SS-301 48 44,7950 122 29.4492
WP-1 48 44,7593 122 29.4628
WP-2 48 44.8018 122 29.3946
Subsurface Sediments
SC-40 48 44.7931 122 29.5139
SC-75 48 44.8300 122 29.4552
SC-76 48 44.8681 122 29.3769
SC-301 48 44,7993 122 29.4501
|Crab Tissue
$S8-74 48 44,7667 122 29.4633
88-75 48 44.8300 122 29.4617
SS-76 48 44.8617 122 29.3917
CH-1 48 41.8433 122 30.3500
CH-2 48 41.8433 122 30.3917
Note:

December 2001
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Table 3
Water Quality Chemistry Data

Field Measurements
Turbidity NTU na na 5 2
Conduciivity uS/cm @ 25C na na 46,300 23,800
Temperature Deg C na na 11.9 12.4
pH pH units na na 7.1 7.6
Redox mV na na -146 -151
Dissolved oxygen mg/L na na 0.2 0.4
Mercury
Dissolved mercury ug/L 0.025 1.8 0.0059 0.0074
Total mercury ug/L. 0.025 1.8 0.0579 0.0304

Draft Year 1 Monitoring Report
Interim Remedial Action Log Pond Cleanup/Habitat Restoration

December 2001

000030-07 T6




9.1 £0°0£0000
100¢ 43q1azaq

(9YM POZ-CLL Jordeyd) Buaa [eanuayd (59) 19497 Buuassns dnues|) auuBw JO dIURPaIIXe Saloudq -

HOUNI0ISOY IPNGUHANNLD) puod B0 wONdE |MPaHiay tuLia]

raodoy Suronruopy 1 anag ifoaq

(DYM #0Z-8LL J81deyD) elais [Ba1LUBYD (SDS) PIepuElsS AEND JUSWINGS SULIEW JO SIUBPIIIXD S3J0UAQ -

“92U3JaLI2)U 0} NP 1!

| Bunsodal pasies sa1eapur A

“UMOUS JILLY UONR)AP 18 PaKIatapuUn SAB3IPUI N
deo | 35U 3U) O WOKOG 3 MO[3 1 6L ©) 0|, [eAI3N] 3|dWES a1y Sajouap - IXX-0S
dea | a58Ud 3y JO WeNoq BU) 3ACGE Y ') O) 0L [EAISIUI JJLUES 3L SIIOUIP - AXX-OS

2oepaju) ded 1/ SeUd ay) 9A0GE Y S} O} O | [BAJSIU} 3|dLIBS 3y S3j0Uap - IXX-0S
BU|(PNW MO3A ¥ §'1. O} 0 1RAISIU] B|dLIES Bt SI)OUIP - BXK-IS
SUIPALL MOST ¥ 0°| O} ' IEAJSIU! 3JWES BY] SAIOUIP - YXK-IS

1S3I0N
rnjooz ] _njost njosl [ NJos+ nfost nJooe nJosl nJosi n[o6k nJo6k nJoét 059 059 (Bw6n) |  pwyoiozueg
[ njoz | nlst n|sk n|st nlet njoz nisL nies n|el nieL n|sel €L 48 | (&wbn) 10yedfy [Azudg
rngs__ | nj9s njes RIES njee n|es ni+6 njie njze n[se nje6 069 09g (Bx6n) fousydoiojy3eliiag
rnioz | nlst ' njss nlet njet njoz njer 22 nlet nlet njet 6c | 6¢ Bybn) |~ T jousudiAnBiia-r'
rajoz | nler nler nlsk niet oL} nlel ol njei n|ek njet | o8 o9 | (BwBRy | T T "7 jousydikipen-v| |
rnjoz | nlsl njel | nler njst njoz n|eL n[eL n|er n|eL nJet ee | e | (Bwbn) | jousydifyan-g
rnjoz | nlsL | Nisl njsL nstL ¥S n|st 8 n[st njst nfst oozl ozy | (Bwbnm) |~ tousyd|
Jybram Ap By/6n ul sa|nejonweg
njsco [_njyoo [ njsoo N[00 “Tevo [210 | n[zo0 | “n[soo 650 | W0 | BWBW) [T T T Ainosw]
yBiam Ap By/6w up sjelaiy
Jego | Jovd ~Jeio vi0 V' gL ol Ls gl 1 e €10 B [ TEu "% | " uoqiesdiuebio jgjoL
RELE 0S8 ~ |ves 18 995 62 vzl LS ¥'89 1'99 ogg [ _Bu | e | % B o
e 50 oy ok 0/E 1729 89 z19 95l L'EY L0 eu eu % B
LX) 00 oo 00 6L rig vz 128 ge | |¥z 00 el | eu % |
e 1 _lso _ 1ol ol __|vez ol | _[¥¥ 1’82 gl L'sg o ey el | %
lges | |ves_ | |Z86 286 rig L6l 826 626 1’8 L'ss Zv6 eu T L T
gy o 80 20 9 gLl 70 6t €0 1zt 16 | _ew | eu % - _
Si1ajoweIRd [BUOUIAUOYD
UOE-92 | MG 0C | B0V [-WOL-¥0 [-He0-0. [ ¥ee-¥e [ Be070. [H8Z:¢2 [, Be0:0. [ HED-0. 3£0-0 180 | sos | suun. Jajauleley
a9L-os 08.-08 99198 v91-08 9-SS 352°08 S1-SS 3035 | orss T-dM b-dM eUajLD [edlwayd

ejeq Ajsiways pue [ea1sAyd JUSWIPag 99BLINSONG pue 39BHNS

¥ 2lqel




9. £L0-0£0000
100 +oqtua32Qq

HOUD.L0ISTY INGNY /A3l prog So7 uoudy ponmatiay Wiy

saoday Suttonuopy | ) g

3) BUSILY |e3IWAY2 (1SD) (9497 Buiuasios dnueald SUUBL JO JIUBPITIXS S3)0USQ -

B2 [E2IWBYI (SOS) Arend

~90UBJBAIY] 0} ANP I

SUUBW JO P s3j0usQ -
| Bunucdal pasies sajeaipul A

“UMOUS YILLI| UOI313P 18 PAIa31apun Saeaipul 1

23 | 35RUH BY] JO WOROY 8Y) MO[aq | &L 0) O'L |eAIBU BIJWES BYt $8J0UFP - AXX-0S
0 ) 85BUd U} JO WOROY dU) 3A0qE I §'1 0} 0'L [BAIAI SIAWES By} $2j0Uap - AXX-IS
aoeyaiu] des |/ 2SeUd AU} SA0GE Y G'L O) 0" L [BAIBjUl 3|dWIES SU) $S10UIP - DXX-OS
SUIPNW MORG | §°1 0) ') [BAI3JU] SIdWES 3Y) SSI0UP - AXX-S

AUI(PRL MOIRG 1} 0'} O 0 [BAIRIU) 3IWIES BU) SI0UAP - YXX-OS

SON
nJooz n[ooz njost nfooz njosl nfosk 059 059 [T _____bwvopzued]
n|oz n[oz nieL njoz n|ek njst €L 18 “{ByBn) | T T jouyodly ikzueg
n|sse n|ss n|ss n|es n|ss RES 069 o9 | (BB | louaydosotyouad
njoz njoz nisk njoz n|st n[st 4 62 | (Bwbn) [ iouaydifgrawig-v'g|
nloz nloz n(eL njoe nlst oSt 0.8 0.9 Bwen) | iousydikpain-¥
njoz njoz nleL njoz nist nist €9 €9 | (bwbn) 7 ousydiAmsin-z |
njoz njoz nler njoe njet 89 00z1 ozy (Bxon) | . ___lousud|

JyBiam AIp By/6n ui sejijejoAILIBS
| Joio | n[eoo [ Tito T 80 | o | WwWhW | T T fnossn|
JyBiam Aip B3/Bw Ul s[elei
vl vo | ze z2 61 1’8 eu e ] % ‘uoques 9jueBio jejoL
0’6y £€8 __|zEs 616 9gs | s eu By % ~__ spyosteo)
S8 6 L'¥6 S16. §16 g8 eu B % o
| Jose 00 08l 191 SSt lzse eu )% L -
gz | 18} vel | |¥ss 09Z | _|4vs e WO % L
gie €76 65 ¥8 | g8 oLt | N
col 8'c 00 1o 00 Vi) ew | Bu % |
SJ3jaWeled [BUOUIAUOD
TUELECL . | BeE 8y | MGk 0V [ BOkrvo [ NE0n0 [ BES 06 [ 183 [ .S0S. [ . suun 1j3UIerey
J08°3S aloe-0s g10£-08 V10£-0S 108°SS 39208 BLAJLID [ed1BY)

eleQ ANISILBYD pue [edisAyd JUSWIPag adeUNsSqNg pue adelng
v olqel




Table 5
Crab Tissue Chemistry Data

; SR R - Total Mercury
Station: Sample Number. | - (mgikg: wet wt). - -
SS-74 | SS-74A E 0.0207
SS-74B 0.0487
5S-74C 0.0176
SS8-75 SS-75A 0.0171
SS-75B i 0.0237
88-75C 0.0150
SS-76 SS-76A 0.0258
S§S8-76B 0.0167
SS8-76C 0.0237
Average Mercury Concentration 0.0232
Note:

Mercury concentrations have been blank corrected.

Drafi Year | Monitoring Report December 2001
Interim Remedial Action Log Pond Cleanup/Habitat Restoration 000030-07 T6




-PORTAGE::.: -

“ISLAND

o 8000

——
SCALE IN FEET

- /POINT

Log Pond

BELLINGHAM
BAY

FRANCES

Reference Sites
T~

8
CHUCKANUT
BAY
9
GOVENORS
POINT %2

9-030-01

GPB001-02 1218101

CHOR

ENVIRONMENTAL, L.L.C.

Figure 1
Vicinity Map




ATICH
LS doLsv

1S

FORMER OLIVINE 8ITE

3AY ¥3q3I0Y

) - S - "~> %gg ; 5‘_2)»_\_,5'_ )

TS T —AND F _8&T

e e e e e
T e ‘
G » - // { Rm&:zﬁm\
W )7
\,\ 4 / .
¢ » 4

HOLLY BTREET
LANDFILL

® ® / Vi

o Q-P AERATED
Al 8TABILIZATION BASIN

i

| wHA TS

A

REss 0

MARITIME HERITAGE
CENTER PARK

&)——’——-- - - T -
. / / //fé/
* DISPOS TE
%

;/ARR ROC LS
— ——
- > " - o <
- — 9
-—— \
~30
/ \\7 20 : ’ 3
. 415 UERCAN

LEGEND @

APPROXIMATE PROPERTY BOUNDARY LINE

EXISTING MUDLINE 0 600
~ 10~ (CONTOUR INTERVAL 2')

Scale in Feet

00-0030-01 GPB002-01 12/18/01

‘g‘z ANCHOR Figure 2

Log Pond Project Area
Log Pond Cleanup and Habitat Restoration




uonoNASuUoY Jauy SYWow L
- soeuNg puod 6o ui ebueyd
¢ ainbi4

Lo/ghiel

UOHINV

10020849 100800-00

uoNeIo0Yy 100} 0°'L 03 S°0

uois0J3 1004 0°} 01 G0

uogesor] Budwes juewipes eoBUNSaNS
uopeooT] Bulidwes uswipas 80BUNS
uonesoT Buldwes Julod [1OM

(€ 01,5°0) ealy BuiddeD Jehe uiyL

v edA} - ded Jnojo)
sulpnil [euld

sywi deg 1 pue [ 8seld ————

o m<

aN3oa1

1004 U} ©jeds |

0zl o /

| ' Bm -8S
= L 10898V

Auedoid &©

- Ayedoud '9°0'd,

L

/
) oM F
\ - 7 e ————
\ £
— /. -
7 0 @ =
| | | | | \ : | ' | [ — | |
1 1 _ 1 | | —— I 1 _ I == T 1 T
® © 5 i & \ ha N N ) N ) )
o) © (o) e N w » W\ el ~ o (e}
i 5 z 2 it 3 3 3 : 3 : £
S s} o =] s/ o) o) = o ‘W 2 3

sur Auedold \\

aur |pUUBYD [eJepad




Federal Channel Line
Property Line

A M I IR AT MDA PRI T T T

0.00

0 80

DRAFT -

99-0030-01 GPB-14-01 12/18/01

Figure 4
ﬁ ANCHOR Total Cap/Habitat Layer Thickness - October 2001
Log Pond Cleanup and Habitat Restoration



suoneoo] Buldwes puod 607 &Of@ﬁﬁ @.

G ainBi4
- L06LIZ) E.Nbﬂnm 10-0€00-00
| | |

1904 U] 8|eds | ,

uoneooT Buldwes juswipag adeUnNsqng
uoneooT Bulidwes juewIpeg eoeuNs
uoneooT] Buidwes gelD 3|liuSANf
uoneooT Buldwes Juiod [eM
(. 0y §°0) ealy BuiddeD JeAe uyL
v odA] - deD Jnojo) — —

aulipniy [euld

(/Y45 ] / I—— ‘ , {

D o mJ

spwr] deg [I pue [ eseyd ———— P —_— L |
z - - | |
aNzoan ‘ | -dMEg |
S e “1-dM y
, R & /LSS
/ . - : & — ]
~ 106-SSH | |
| L0E-28V T (X
o . glo | E .
TS - ($y |
- <~ ) .m,_.w ) ,j ] &
\”, | & . o \I;/ % 7 4,
N e ol 3 g I/
N3 . - GL'SSMGSS T T T T~ —
. \ - i = —— ==
\ o ‘ \
1 | | ] — | I | | i | |
I I _ I 1 = — I I _ I I I 1
3 3 8 N RO 2 % ) 3 N 5 B
g x & x + + % + + + + +
g 3 8 S 3 8 8 8 8 8 8 8

~

aur] Auadold aur jeuuey) [eiepad




APPENDIX A
SEDIMENT GEOTECHNICAL DATA

Draft Year 1 Monitoring Report , 2 December 2001
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| R E G L a_b WNMBE

Rosa Environmental & Geotechnical Laboratory, LLC

October 24, 2001

Ms. Kim Magruder

Anchor Environmental, L.L.C.
1411 4" Ave., Ste 1210
Seatile, WA 98101

Re: GP-OWMP, REGL Project No.: 1049-429

Dear Ms. Magruder,

1001 SW Klickitat Way. Suite 107
Seattle, WA 98134
(206) 287-9122

The results of the grain size, 200 wash, and Atterberg are discussed on the attached narrative,

summary tables and piots.

Please call me to discuss any questions, or comments you may have on the data or its

presentation.

Best Regards,

Rosa Environmental & Geotechnical Laboratory, LLC.

Harold Benny
Laboratory Manager




R E G L ab 1001 SW Klickitat Way, Suite 107
WMBE

Seattle, WA 98134
Rosa Environmental & Geotechnical Laboratory, LLC (206) 287-9122

Client: Anchor Environmental, L.L.C. REGL Project No.: 1049-429

Client Project; GP-OWMP Client Project No.: 000030-07 Task 2

Case Narrative

Six samples were received on October 10, 2001 for grain size, 200 wash, and Atterberg timits.

The samples were set up on October 16™ and completed on October 23,

Two samples were tested for grain size analysis per ASTM D-422.

Two samples were tested for 200 wash in accordance with ASTM D-1140.

In accordance with ASTM D-4318, 2 samples were tested for Atterberg limits.

Sample SS-76 was sandy and tore during the liquid limit and would not roll during the plastic

limit.

Sample SS-301 was too silty and would not roll during the plastic limit.

8. Moisture content was requested via email from Ms. Magruder and is reported on the attached
table.

9. There were no other anomalies in the samples or methods on this project.

Released by:’ ﬁwug/(/\%’g AN Date: )O/;) L//O'(

SOk LN =

~

Title: Laboratory Lead”
Approved by: f\)((bd({& Q’/‘f‘"’\/ Date: \O\"L “ \ O \
Title: Laboratory Manager

Page 1




wnaif o1 L ustoay Kecora & L.aporatory Analysis Request

Yage {

of l Turnaround Requested:

STIARNDALZD

Anchor Contact: _Kim  APRIPER

107‘7/‘('4‘7,@

ANCHOR

ENVIRONMENTAL, L.L.C.
1411 4th Avenue, Suite 1210

Seattle, WA 98101

Ph: (206) 287-9130 Fax: (206) 287-9131

OOTORC-€7 To—

=l
Lab Contact: Proj. Name: ? Notes: Comments:
— 3 nalyses Requested
Hf\vu D br;NIv’\J (=5 - OWYWAP 3
Proj). Number: £

Adﬁfi Sampler: :,

(DD] S0 Mo vy | Fornd VEDS Y in .\‘5 g E}\

SR £ A T3k 1% . o | 3| S| AN

Phone: ShlPPlrng Method: é) - __? g ) \
(00)297-923= | Heo Do | B/ § g N N
&Q DA~ 1995 N/A AL SIS \

e ]S | e | S | e | O\ | &8 8
SS-9S Kfopol 6705 | SED || * o6z (o
SS - 40 /p29 ~ P 211
SS-As /D 0Y > = , 912
S5- 3ol (045 >« P 213
WNFP-/ Jor -+ /] 21y
K7 - o= ‘J/ ///S ‘\l/ 7_ // 2[5

/
(
T T — \

C/

/ § N
/ ~o O
/ ) (] N \\ \\
— / yaa AANUYANALE N N
<! /) T~ \\J

Relinquished: (Signature)

Relinquished: (Signature)

Special Instructions/Notes

Printed Name:

Printed Name:

Company Company: Company:
L AT BN AN ITAL-
Date/Time: Date/Time: Date/Time:
/0/p/) /%27
Régivéd By: Received By: Received By:
Al v
aned Name: \D Printed Name: Printed Name:
‘ 'rc»h o )
. Company: Company: Company: # of Coolers: Cooler Temp(s):
| ROSA
. F Date/Timy Date/Time: Date/Time: COC Seals Bottles Intact?
10 (0]0 [ 7800 Intact?




ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY

Anchor Environmental, L.L.C.

GP-OWMP
A daiestons, T s

Boring Number  |Moisture Content (%)| Fetat-Sotids (%) %UJ pL/R @G)

$S-75 61.0 /b0~ 379 = L.,

$S-40 58.0 /o0~ 367 ~— (-%.3

SS-76 56.7 /o0—362 = (3.8

$S-301 81.6 Jpo - 449 = <5, |

WP-1 30.5 /bD~234 = ol

WP-2 33.2 JDO—249 = 2¢, |

/’;/&7/0/
,///
e

1049-420




ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

Anchor Environmental, Inc.
000030-07T2

Atterberg Limits

60
50
CH or OH
X
o 40
y ol CLorOL
£
2 30
:.% MH or OH é
3
o 20 /
10 / /
/ cLme
0
0 10 20 30 40 50 60 70 90 100 110
Liquid Limit
—€—S55-76 —&— $5-301 — ——
Sample Plasticity |, . . ... . Co I
Number Depth Index Liquid Limit | Plastic Limit Classification
SS-76 NA NA NA NA Non-Plastic
S$S-301 NA NA NA NA Non-Plastic

1049-429
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Rosa Environmental and Geotechnical Laboratory, LLC

Anchor Environmental L.L.C.

Project: GP-OWMP

Sample Identification

Percent Fines
(-#200 Sieve)

SS-75

15.0

S$8-40

10.9

1049-429




ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY

Anchor Environmental, L.L.C.
GP-OWMP

Boring Number Moisture Content (%)

S8S8-75 61.0
SS8-40 58.0
SS-76 56.7
SS-301 81.6
WP-1 30.5
WP-2 33.2

1049-429




APPENDIX B
WELL POINT FIELD LOGS

Draft Year 1 Monitoring Report , & December 2001
Interim Remedial Action Log Pond Cleanup/Habitat Restoration ™ 000030-07 T6
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May 29, 2001

Steve Cappellino

Anchor Environmental

1411 4th Avenue, Suite 1210
Seattle, WA 98101

SUBJECT: Results for water samples collected on May 2,9 and 10, 2001.

Dear Mr. Cappellino,

Enclosed are the results for the water samples collected on May 2, 9 and, 2001. The
samples were received by Frontier Geosciences in good condition on May 3 and May 10,
2001 within a sealed cooler at 3.0 °C and 1.0 °C, respectively.

Following sample receipt, samples for total Hg analysis were oxidized with 1% -
10% (turbidity dependent) (v/v) with BrCl. Samples were analyzed for total Hg
in accordance Frontier’s standard operating procedure FGS-069.1. Aliquots of the
samples are weighed out in Teflon containers, NH.OH - HCl is added to destroy
free halogens, and then each sample is poured into pre-purged bubblers. Then

SnCl, is added to reduce Hg (II) to Hg®, which is then purged onto gold traps as

a preconcentration step. The HgO contained on the gold traps was then analyzed
by thermal desorption into a CVAFS, using the dual amalgamation technique.
Peak areas are accessed by integrators. Net THg concentrations were calculated
according to the following formula, where PA is the integrator peak area, b is the
mean bubbler blank, V is the digest volume, B is the mean BrCl method blank .
(ng/L), Fp is the dilution factor associated with preserving the samples, and S is
the calibration curve slope in units/ng, for the set of samples, calculated
similarly:

[THg] (ng/L) = ([(PA-b/SY/(V)] - B)
Fp




There were no significant analytical issues and all QC is within Frontier's established
control limits with the following exception:

The original analysis of the MS/MSD performed on the sample F 52EMW145 yielded
poor recoveries. The samples were reanalyzed with a different aliquot volume and
reanalysis showed acceptable recoveries. MS/MSD values are reported from the
reanalysis.

The second preparation blank analyzed for these set of samples caused an unusually high
estimated MDL. The blank was not reanalyzed for confimation. Since all of the samples
were above the estimated MDL, no further action was taken.

Please feel free to contact me if you have any questions or concerns.

Sincerely,

Frank Colich for

Misty Kennard

Project Coordinator
FrankC@frontier.wa.com




Trace Metals Results for Anchor Environmental - Steve Cappellino
Reported May 29, 2000
Frontier Geosciences Inc., 414 Pontius Ave. N, Suite B, Seattle WA 98109

Sample Results

Anaiyte Date Analysis Hg (ng/L) Hg (ng/L)
Sample ID Collected Date Total Diss.
US2EMW195° 5/2/01 5/21/01 88600 -
F52EMW195~ 5/2/01 5/21/01 94400 -
US2AMW!1 5/2/01 5/21/01 15.6 -
F52AMW1 5/2/01 5/21/01 6.32 -
UB2EMW148 7 5/2/01 5/21/01 59800 -
F52EMW145~ 5/2/01 5/21/01 50000 -
US2EMW15 5/2/01 5/21/01 5240 -
F52EMW15 5/2/01 5/21/01 3920 -
U52EMW29D 5/2/01 5/21/01 27.8 -
F52EMW29D 5/2101 5/21/01 6.36 -
U52EMW28 ~ 5/2/01 5/21/01 13700 -
F52EMW?25 - 5/2/01 5/21/01 10200 -
UB2EMW35 - 5/2/01 5/21/01 142 -
F52EMW35 5/2/01 5/21/01 103 -
U52AMW2 5/2/01 5/21/01 16800 -
F52AMW?2 5/2/01 5/21/01 31300 -
U52AMW3 5/2/01 5/21/01 18700 -
F52AMW3 5/2/01 5/21/01 30900 -
U52EMW135 5/2/01 5/21/01 1520 -
F52EMW135% ~ 5/2/01 5/21/01 241 -
U52EMW155 5/2/01 5/21/01 3560 -
F52EMW158 - 5/2/01 5/21/01 2770 -
U52EMW28D 5/2/01 5/21/01 303 -
F52EMW28D 5/2/01 5/21/01 21.8 -
UFB 5/2/01 5/21/01 < 0.61 -
FFB 5/2/01 5/21/01 <0.61 -
WP-1D 5/9/01 5/18/01 - 5.86
WP-1-T 5/9/01 5/18/01 57.9 -
WP-2-D 5/9/01 5/18/01 - 7.37
WP-2-T 5/9/01 5/18/01 30.4 -
FB99 5/10/01 5/18/01 - 0.49

- Analysis not requested




Trace Metals Results for Anchor Environmental - Steve Cappellino

Reported May 29, 2000

Frontier Geosciences Inc., 414 Pontius Ave. N, Suite B, Seattie WA 98109

Quality Control Data - Duplicate Report

Analyte (ng/L) Analysis Date  Sample QC'd Rep. 1 Rep. 2 Mean RPD

Hg 5/21/01 F52EMW35 102.6 105.1 103.9 24

Quality Control Data - Matrix Spike/Matrix Spike Duplicate Report

Analyte (ng/L) Analysis Date Sample QC'd Sample Mean  Spike Level MS % Rec. MSD % Rec. RPD

Hg 5/21/01 U52EMW35 141.9 416.0 531.3 93.6 535.7 94.7 0.8
5/21/01 F52EMW35 103.9 208.0 2742 81.9 268.3 791 2.2
5/18/01 WP-1-T 57.94 137.3 186.7 93.8 180.6 89.4 33

MS = matrix spike
MSD = matrix spike duplicate
RPD = relative percent difference



Trace Metals Results for Anchor Environmental - Steve Cappellino

Reported May 29, 2000
Frontier Geosciences Inc., 414 Pontius Ave. N, Suite B, Seattle WA 98109

Quality Control Data - Preparation Blank Report

Analyte (ug/L)  Analysis Date PBW1 PBW?2 PBW3 PBW4 Mean Std Dev Est. MDL
Hg {ng/L) 5/21/01 0.05 0.35 -0.03 - 0.12 0.20 0.61
5/18/01 0.00 -0.08 -0.02 - -0.03 0.04 0.12
Est. MDL = Estimated method detection limit
Std Dev = Standard deviation
Quality Control Data - Standard Reference Material Report
Analyte (ug/L)  Analysis Date SRM Identity Cert. Value Obs. Value % Rec. :
Hg (ng/L) 5/21/01 NIST 1641d 1590000 1536000 96.6
5/18/01 NIST 1641d 1590000 1583000 99.6

SRM Identity = Standard reference material identity
Cert. Value = Certified value

Obs. Value = Experimental result

% Rec. = Percent recovery



APPENDIX D
SURFACE AND SUBSURFACE SEDIMENT FIELD LOGS

Draft Year 1 Monitoring Report ) \Z\) December 2001
Interim Remedial Action Log Pond Cleanup/Habitat Restoration * 000030-07 Té6
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SEDIMENT GRAB COLLECTION FORM

Project Name: (=17 Oy’ Project No. L0 S W T)

Date: [ / Y, / i) Station: 55 WS

Compass Bearings: 4% 43, L3 bk, o Start time:

150 259 9% N (‘;;ﬁi\,g;"> Stop time:

Weather: DRSS

Crew: PR eI [. B, lacmz,;:aé-.) BV e O

Field Test Resuits:

Salinity: ppt Comments:

Ammonia: . Mall.

Grain Size: Ml course: Ml fines:

Grab No: J Boltom depth: /4=, 17 Penetration depth: ﬁ Coor, Time: 7/ et

P
Bloassayl‘b'ﬁn?;tr_mrc!e) AVS/SEM; Total Sulfides; VOC Sample (circle) st 4 _ .
- - - S I [l ﬁb,\i’:':’:' P;,N‘;‘: /i\-{.ﬂ. Fat 52_:%3
Sediment type: l Sediment color: Sediment odor: Comments: !
by

cobble Dﬁ)—f RenSny ¢ rone HyS

gravel {Eriy Y o :;3 Wy slight Petroleum

sand C MEF?) blETK wenisin Ltw"  moderate Other:
mfa?‘—*f,&h(, brown  Pawe o ostong

organic matter iy | brown surface " overwhelming o

v ,
Grab No: = Bottom depth: Penetration depth: l ~Time:
- ~
Bioassay / chemistry (circle} AVS/SEM; Total Sulfides; VOC Sample (circle} \ ’
N \

Sadiment type: | Sediment color: Sediment ador: Comments: '

cobble D.0. | rone (_-QQS- S

gravel gray . slight " Petrcleum AN

sand CMF black | moderate Cther: \
silt clay brown i strong N 4
organic matter brown surface i overwhelming

Grab No: Bottom depth: Penetration depth: " Time:

Bioassay / chemistry {circle)

AVS/SEM; Total Sulfides; VOC Sample (circle)

| Sediment folor:

Recorded by:

Sediment type: Sediment odor: Comments:
cobble D.O. | none HoS |
gravel gray \ | slight Petroleum “x\ ‘-|
sand C M F black ‘\ | mederate Ottier: \_)
silt clay brown | streng
organic matter brownsurface % | ovenvhelming
Grab No: Bottor}\depih: Penetration depth: Time:
Bioassay / chemistry {circle) AVS:$EM; Total Sulfides; VOC Sample (circle}
T~
Sadiment type: | Sediment color: égdimenf odor: | comments: ‘
cobble T 1D: | nooe HpS ‘
3 O\ J 2 s
gravel gray ' slight Peiroleum |
sand C M F black i moderate Other, i
siit clay brown | streng 1
erganic matter | brown surface ' overwhelming 1
/ e
B




LA By

LA R ST S 1

\2 ANCHOR Surface Sediment Field Sample Recdrd

nlvuuuxlnral- b baty

Project Name: [

LAAMY

TN DRTE

Sampling Craw: £ Ay,

Sampling Vessel: 1{p s o

Subcontractor(s): ' {eiins

Project No: (30 075 T Station ID: S5- 7y,
ok B D epy ‘:‘ i gt
RIS Sampling Methed: 2, .51 (2L
T P A R D IO SRt WIRE P LAtk

Station Coordinates: N/ Lat.

Y

Coa T K

Weather: £ .04

< g 0O v

E/W/tong. j7s° TITER Li i by @
Datum:. NKD‘BB(WGS—S% o Zone:
Sample Number: - jg\
Analysis:
Field Test Results Comments:

Salinity: opt

Ammonia: mag/L

Grain Size: mt Coarse: mil Fines:

Grab Number: __L_

- O
Bottom Depth: <.

Penetration Depth: 75 @,

Time: f & °L‘{_“’

Bioassay /' é’hm {circle}  AVS/SEM; Total Suifides; VOC Sample {circle) b Ty ety ml
Sediment Tyga Sediment Color: Sediment Odor: éorﬁ%gnis A e
cobble 0D Tof o ncne H28 l,'\l\z‘i,,‘y ! _)K; 5
gravel e bt v '@_’f)ﬁ.,_ L ‘“f""' slight Patroteum | Ty iy L?hl" .y
sand}_(E'Muf?j b4 Black;— £ B moderate other: LN 4 gy y
dlay . G brown streng o b
organic matter brown surface ovarwhelming W/ 1 "'"\:’ S G
Grab Number: Bottom Depth: Penetration Depth: Time:
Bioassay / Chemistry {circle)  AVS/SEM; Total Sulfides; VOC Sample (circle)
Sadiment Type: " | sediment Cotor——_ Sadiment Qdor: Comments:
cobble 0.0 TT—lnone H2S
gravel gray sllgh\ Petroleum
sand CMF btack moderate \\‘-elh\er:
silt clay brown strong '\'\-\
organic matter brown surface overwhelming T
Grab Number: /,/Bomz Penetration Depth——____ Tinh
Bioassay / Chemistry (eircl'e'i" AVS/SEM: Total Sulfides: VOC Sample (circle) Tre— .
Sediment Type: Sediment Color: Sadiment Qdor: Comments:
cobbie ) B.0. none H2s
gravel { gray sltignt Patrcleum
sand CMF biack meoderate other:
silt clay I — brown strong
organic matier \~m1gvn surface ovanwhelming
T
Grab Number: Bottom Depiit—__ Penetrafion Dapth: Time:
Bioassay / Chemistry {circle)  AVS/SEM,; Total Sulfides: VYOG Sample {circle)
Sediment Type: Sediment Color: Sediment.Qdor: Comments:
cobble D.C. nong N H2S
grave! gray slight / Petroleum
sandCMF black moderale. —— - other:
silt ctay brown - strong
organic matter brown surface overwhelming

Recorded by, ‘7<' :

N




T e e AT ey A L

1> ANCHOR Surface Sediment Field Sample Record

IMVIASAMEINTAL, l.k.C,

Project Name: /47 -3y i 2

/ SHIHA oy, B -

A

S

Project No: (/L5002 77 Station ID: ‘NP )
sampiing Grew: K UM s, B lupin D, Dicsi SEn. _ JA—
sampling Vessel: A< /g Alaiie i Samplmg Method: /Ao BeTis Mb—éﬁg
Subcontractor{s): K. i ,mf 4 F;E;/ ) £y MSEA PSS )_
Station Coordinates:'N./Lat.  »& . r‘( N Weathar: \}.\,Mt/ S e 5@ (g F’
E W/ Long. be e 29 T MLl i
Datum: (NAD 83+ WGS 84 Zone:
Sample Number: Lo ~ D)— s ﬂ & Op? Cc—T“
Analysis:
Field Test Results Comments:
Salinity: ppt
Ammaenia: mg/L
Grain Size: mt Coarse: mi Fines:
& IL{% - =
Grab Number: ] Bottom Depth: _ FUFY/<as~—Penetration Depih'/ﬁﬂ e Time: (7S
Bioassay léhemist& {circle)  AVS/SEM; Total Sulfides; VOC Sample (circle)
Sediment Type: Sadiment Color: Sediment Qdor: Comments: -
cobble D.0. none H2S el
gravel gray stight Petrcisum J./t» A {.,t’_ ) ¢9
sand CMF black moderate other: JJ .
silt clay brown strong LIL\Z’L‘l}w L 5&
organic malier brown surface overwhelming c( W“j’:
Grab Number: *:L Bottorn Depth: £.2 g Penetration Depth: 3’3 Con— Time: /, 7.5 S
Bioassay / Chemistry fcircle)  AVS/SEM: Tolal Sullides; VOC Sample {circle) Ctoe ., et (TEE
Sediment Type: Sediment Color: Sediment Cdor: Comments:
cobble D.0. Cnong; H2S Savide, Ao
gravel gray slight Petroleurn AR D Lo
Sany CF (¢ L s ABlack’ - H moderate other: ‘
&’ﬁ'@m cwhes Lo JBrown> ¢,..d strong
orégnic matter brown surfaca overwhelming
Grab Number: Bottom Depth: Penetration Depth: Time:
Bioassay / Chemistry {circle)  AVS/SEM; Total Sulfides; VOC Sample (circle)
Sediment Type: ..~ |SedimentColor.______——}Sedimant Odor: Comments:
cobble e D.Q. nene - H2S
gravel ~ gray slight Petroleumi™ .
sand CMF black ____|moderate other: T
sift clay brows—" " strong EE—
organic matier brown surfaca overwheiming
Grab Number: ( Bottom Depth: Penetration Depth: Time:
Bioassay / Chemistry (circle) T AVEISEMT TotakSulfides: VOO Sample (circle)
Sediment Type: Sadiment Color: Sediment-Odor: Commenis:
cobble D.O. none T H28
gravel gray slight P/’)Pelfoleum
sand CMF black ____modecal other:
silt clay brown T strong
arganic matter brow@ overwhetming
.f.’
Sl e Ay e~
Recorded by::‘f" —— 7 i At e S
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ORI, LA

SEDIMENT GRAB COLLECTION FOBRM

Project Name: CHANT Project No. oo R0— E9 0
Date: (o/ D‘?/C ! Station: D5 - 40
Compass Bearings: Start time:
U qgc(’ . 7‘? f&'li\) pabbB s Stop time:
et (220 2L oL . - p
Weather: BRI R L F o v G e G
Crevw: %{.If\v\.p.(_.,_r«_'. LI D, [N ;;\.‘-'5?'.\“.} Sy, DS
Field Test Rasulls:
Salinity: ppt Comments:
Ammonia;, Mg/l
Grain Size: Mi course: Ml fines:
Grab No: ! Bottom depth: |1, ¢ ! Penetration depth: _ 2ér ¢~ Time: (D S

Bloassay / chemistry {circle)

AVS/SEM; Total Sulfides; VOC Sample (circle)

; Sediment color!

Sediment type: Sediment odor: Comments:

cobble {05 kD) Tays Ve T8 HoS tinz Towr Ei e S
gravel \ 18~ | gfay \sbine - SOt Petroteum St Trimietnrs SL‘*U“W 22}
sand C f@_}?‘ “blag mederate Qther:

fsilt clay/, o brown - streng

organic matter brown surface " overwhelming

Grabh No: Boltom depth: Penetration depth: Time:
Bioassay / chemistry {circle) AVS/SEM; Total Sulfides; VOC Sample (circle}

Sediment type: { Sediment color: _ Sediment odor: Comments:

cobble ‘ D.O. : roger HoS

gravel gray . slight, Petroleum

sand C M F black- . moderate.. Other:

silt clay brovn i strong

organic matier brown surface i overwhelming '

Grab No: Bottom depth: Penetration depth: Time:
Bioassay / chemistry (circle) AVS/SEM; Total Sulfides; YOC Sample (circle)

Sediment type: Sediment color: _|Sediment odor: ‘Comments:

cotble e (e

gravel gray \"J:“*szight

sand C M F Black | moderaté .. L

silt clay brown } strong Sl g ?,

crganic matter brown surface ! ovenwhelming D e A

Grab No: Bottom depth: Penetratior ;:le\bﬂl.__, Time:
Bioassay / chemistry (circle) AVS/SEM: Total Sultides; VOC Sample {circle) C—‘/( R

Sediment type: | Sediment color: \Sediment odor: Comments: )
cobble DO. | none HoS

gravel gray E slight Petroleum

sand C M F black 'l mederate Qther:

shit clay | brown : strong

organic matter » brown surface I overwhelming

Recorded by:

/ . s
L -/ T
e e
_/ _..A, //} . ‘k/}r / {
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INYIROWMMERTAL, L.i.C,

Project Name:

— e

Y - ovven

S-S ol L~ IS U A VY

HOR Surface Sediment Field Sample Record

SHRIPPING D~

Project No: CLCG R - .7 Station [D: L\P'/
Sampling Crew: __ 1< Ay Pemaf DL hiedintbont . B Epoizad)
Sampling Vessel:  Kipyetyy BT Sampling Method 45/ : g ——
Subcontractor(s): D, [310 11oSeat Qs s) B bvewn! (B ) vl R
Station Coordinates: N/Lat,  Y&8° 44,7593 4 Wealher: ...,y % tegta bo ' o i
E/W/long. 170" 2.9 db LB W Bwic o O
Datum: NAD 837 WGS 84 Zone:
Sample Number:
Analysis:
Field Test Resuits Comments;
Salinity: opt
Ammoenia: mg/L
Grain Size: mi Coarse: mil Fines:
Grab Number: Bottom Depth: /Pd')“\ 3“/} Penetration Depth: ?'3*%%%)1:)—;': Time: g} "4 T
Bioassay { cm {circlg)  AVS/SEM; Total Suutdes;%é Sample (circle) Fedr
Sediment Type Sediment Color: Sediment Odor: Comments:
cobble o D.O. v, tlfione Y/ H2S Teres “We o
Gravel " THEICE gray — - gl slight Petroleum o
sand G !\7{ ;§ black mederate other: Crny WD
silt clay brown strong
organic matter brown surface overwhelming
Grab Number: Bottom Depth: Penetration Depth: Tirne:
Bioassay / Chemistry {circle)  AVS/SEM; Total Sulfidas; VOC Sample {ciicle}
Seadiment Type: Sediment Color: Sediment Odor: Comments:
cabble 0. T none H2s ~
gravel gray™~ T stight Petroleum | )
sand CMF black \ moderate . other: "\\
siit etay brown ! strong s N
arganic matter brown surface .. ovarwhelming \‘\\ \
Grab Number: Botlom Depth: ™ Penetration Depth: ... Time: _\
Bioassay / Chemistry (circle}  AVS/SEM; Totat Sulfides; VOC Samiple (circle) “‘\\
Sediment Type: Sedimeni Color: Sediment-Qdor: Conimen\ts:
cobble D.O. none S H2s - _‘
gravel o lgray slight ™. Patroleum e
sand CMF ( ) black T moderate ‘om\t_e\r:
silt clay \ brown T sygn\g \\
organic matter . brown surface overwhelming
T ~

Grab Mumber: Bottom Depth; Penetration Deptfir— . ‘_—) Time:
Bioassay / Chemistry {circle) \WS/SEM: Total Sulfides: VOC Samgle (circlo) B
Sediment Type: S\ési(nent Caolor: Sediment Cdor. Comments:
cobbte D.C \\ none H28
gravel gray stight Petroleum
sandCMFE black moderate ather:
siit clay brown sirong
organic matter brown surface overwhelming

/

Sy

/7
Recorded by: ,W/{

L-/ /___‘] , /‘/" e
j ) /f' /”il / ,l.—v-/‘\‘
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Rt iNey AAUET .

SEDIMENT GRAB COLLECTION FORM

Project Name: (5P Cvapn P Project No, LOESr~2 D T
Date: b/ .'3."?[/[/ Statfon: s 26
Compass Bearings: Start time:

ars YR dy, 1950w .

Covb - 1227 2. YYGLT N ' Stop time:
Weather: ¢ . .adcioan ool v b e
Crew:
Field Test Results:
Salinity: ppt Comments:
Ammonia: Mg/l
Grain Size: M| course: Ml fines:

T -
Grab No: / Bottom depth: 4 ]’ Penetration depth: )L L Time: i1
Bloassay !rcm(circ[e) AVS/SEM; Total Sulfides; VOC Sample {circle}
Sediment type: Sediment color:  Sediment odar: Comments: 2 )
cobble Yo~ ﬁ‘\&uw-vn N eee HoS opg it (SR TR ""5“@
—&;ﬁﬂ' - G B

gravel 251 ,~gré?\ ;wf stight Petrcleum

e e ik
sand C M ./ bf"c'ff\ e moderate Cther:
siie dlay brown “UH’G“‘l”“’stmng
orﬁanic matter brown surface " ovenvhelming
Grab No: Bottom depth: Penetration depth: Time:
Bioassay/ chemistry {(circle) AVS/SEM: Total Sulfides; VOC Sample (circle}
Sediment type: | Sediment color:  Sediment odor: Comments:
cobble D.0. i .. HeS
gravel gray - petroleum
sand C M F black : moddgate Otfier: _
silt clay brown : strong N
organic matter brown surface i ovefwhe}»{ng

N

Grab No Bottom dapth: i Penetration. depth

Bioassay f chemistry (circle}

Time:

AVS/SEM; Tota[Squ;des VOC Sample (cnrc!e)

Sediment type: Sediment color: !Sedimant odor: 5 Comments:
cobble D.0. ! nere ) zéx \/

I - ¥ VL "4\ Y s
gravel ""——‘gray\ slight tro!eu \-/
sand C.M F black I mederate Cther: B
sitt clay \ brown stieng \
crganic matter brown surface t overwhelming
Grab No; Bottom depth: T Penetration depth: Time:. "\

Bioassay / chemistry {cirefe)

AVS/SEM: Total Sulfides; VOC Sample {circle)

Sediment type: | Sediment color:  Sediment ador: Comments: \"\_#,'!
cobble D.0. | none HoS

gravel gray ‘ slight Petroleum

sand C M F black i moderate Other:

silt clay brewn | strong

crganic matiar ! brown syrface ' gverwhelming

Recorded by: =K Vf PIL T e




Chain of Custody Record & Laboratory Analysis Request ‘0;

Turn Around Requested: ¥ 7wy CAsis P

Page | _of

Analytical Resources, Incorporated
Analytical Chemists and Consultants
400 Ninth Avenue North
Seattle, WA 98109-4708
206-621-6490 206-621-7523 {fax)

2% ety Froow tecplepy
: d
Report to: K aas ., PP 3=z, |Proj Name: L7 ivga 2D Analyses Requested Noles/Comments
Company:ppfesi, =1 Wi, |Proj Number: Q003D - o T b
. Pl ; N N .
Address: P§ ” - !} T ¥ (‘.: e fS Sampler: '!‘: cAA e \D‘.'a'\,.‘ {-g h\{
[ R Sl R A p - . ’ - - ;'.
SR ATLE L T i) (R e B D Qi N w13 |
- . - - Y oy P
Phone: -~ Wx? - g2 ~  |Shipping Method: Frond e R L I
- o P ’4; ;: v Y ;
Fax: Ty . @%F -S43/ AirBilk o O I
’ 21 B B
Sample | Sample | Sample | No Con- Lg % |2 (\;—
Sample 1D Date Time | Matix | tainers |2 | |2 |~
e T W e | 1200 | 52 | DD
b g — f 1 —~ NF i
= T Sl ] ok« A ALY |
o N
MNP - 3 oF, A ALK
- -~ N
%% -0 [ DA
[ 1 d
vip-l e KX LA X
e y ; . .
T = 2 VIR IR SEAI G
Relipd'gished: e Relinguished: Relinquished: Special Instructions/Notes
d e e ‘ol i . .
(Sigfiatare). ™ 7 £ e S (Signature) {Signature)
. [Privted napmé: C o |Pintéd name: Printed name:
,":“’ T ;/5/? e .‘(‘;r‘-i
Company: Company: Company:
Ay C' :1\'2 ‘,—f
Dale: Time: Date: Time: Date: Time:
Aol Sl
Received by: Received by: Received by:
Printed name: — Printed name: Printed name:
Company: Company: Company: Number of Coolers;
: Cooler Tempis):
Date: Time: Date: Time: Date: Time; COC Seals Intact?
Boilles intact?




» Analytical Resources, Incorporated
i . Analytical Chemists and Consultants
Chain of Custody Record & Laboratory Analysis Request a 400 ﬁ.mh Avenue North

Seattle, WA 98109-4708

Page }_of 2, Turn Around Requested: ¥ 2y Fruid Torzams 206-621-6490 206-621-7523 (fax)
S Pay Tiner LAWY
Report to: .;::J na M it 1Proj Name: L,}‘-" 9% A o Analyses Reques’led Motes/Comments
Company fayiC i, B nly/ Proj Number: - S80a 2 ~ 354 T ”fj
Addressd), T s "z i Sampk%f LA oy K = : 3
Ll A JA GG B gt 3 i tz ’:{
" |Phone: :_l}(';\mr 2.2 90, [Shipping Method: begiacdys ,3*; "’: 15
; Fax  oipe, X7 G 3 |ABk : :ﬁ ; g
i Sample | Sample | Sample | NoCon-[ 32 72 s
L Sample ID Date Time Matrix | tainers {i— | ~% =
SE~ 2o Lzsilones | wmo| 3 DCIXIX
‘ Se-Raf B BOIR) PR
o3l D o o0 o <
l SC- 80 & Ll TR
P
i

N
A
P

< - FSE /th”‘ XD 3

F Rellanashed ] ,-~ .\ Relinquishad: Relinquished: Special Instructions/Notes
| (*Sjgnz;uﬁ&% \/ / ,{’ x s 1, |(Signature) (Signature)
aned name” v . ; Printed name: Printed name:
g v NE A% r'.-"? [ f/{'j:: ; o
l Company: Company: Company:
SNl
Dale: ; Time: Date: Time: Date: Time:
; s AN P K il
| + ,‘,4-‘(_.1' FE
Received by: Received by: Received by:
i
| jPrinted name: . Printed nama: Printed name:
| Company:, Company: Company: Number of Coolers:
‘} - Caoler Temp(s):
Date: Time: Date: Time: Date: Time: COC Seals Intact?

Botlles Intact?




Chain of Custody Record & Laboratory Analysis Request

I ge | of L. Tumaround Requested: _Tiis) . Foyso
Anchor Contact: ka4 oy T

Pt il S DAY Forie

A

} 4_:1». f:) U_"__ P ;',

7

A~ ANCHOR

ENVIRONMENTAL, L.L.C.
1411 dth Avenue, Suite 1210

Seattle, WA 98101

Ph: (206) 287-9130 Fax: (206) 287-9131

l L.ab Contact:

N L
DA Ry, Moy O

Proj. Name:
g‘{\' - t.\_'m‘.!\;\\x"

Analyses Requested

Notes/ Comments:

[.ab:

TS T I S A TR AR S

Proj. Number:
COSZe -0 Ty

Address:’

Sampler:

-

— \ g

D S LS Y- R Y AN e lE Rt i

D = LRG0 §

) Phone: L ’ Shipping Method: \'L

i B ) =

I, (.\n (-t 7 '.:“'1q i ‘L“—'i‘:‘D ) '._‘:j
o Fax: ¢t ' AirBill: -

<t .

Sample | Sample | Sample | #C S

D ample ample ample on- e

Sample | Date Time Martix tainers -1 -

- . - i - N M

Cangade® — =<5 ’}}a:fv!d [ DEo> S RO PR PPN

concap- Fia [sfu|izde] W] S s

|
I

Re}jg‘;quished; (Signature} e}

{

[y

Relinquished: (Signature)

Relinquished: {Signature)

Special Instructions/Notes

e e LS el s
. HTP:i';itéd'Name:' TFOAZ 7 T T Printed Name: Printed Name:
o L 1y F"}‘\ \T(‘/-; -
| Company: Company: Company:
| oo™ o VIR I-#}\"—V;"-r;‘* ; -
t Date/Time: DT Date/Time: Date/Time:
R T 1) S )'\_i)
Received By: Received By: Received By:
| T Printed Name: Printed Name: Printed Name:
! Company: Company: Company: # of Coolers: | Cooler Temp(s):
"DatefTime: Date/ Tiine: Date/Time: COC Seals Bottles Intact?
ntact?




.

_ain of Custody Record & Laboratory Analysis Request ‘0;

Page _L of_!

Turn Around Requested: % »oer . Favgio Dog as

S DAy WO By Tpde b

Analytical Resources, Incorporated
Analytical Chemists and Consultants
400 Ninth Avenue North
Seattle, WA 98109-4708
206-621-6430 206-621-7523 (fax)

‘Report oV 1 P A 52, [ProjName: o SinAp Analyses Requested Notes/Comments
- p R - ; w1
Sompany: L3 ok e Proj Number: DL n3 - = T4 Eé
Address: W} 1} - 4T g <ot p|Sampler ki g \,}
— : ooy e rwe NN :
N T T e S Ly X
I - = - R A
>hone: . e ’.:Jf,{:} 2,0 Shipping Method: & 21y = 3 :‘5 1 L\i
Fax_ oble s G131 ArBill: 23 27§17 Fefet V;g 2
: Sample { Sample | Sample | No Cen- ,‘l‘, el :‘é
[ Sample ID Date Time | Matix | tainers P& ™| 2| X
. f ; ] el w4
[ =C -Flo i éf,i._,"s/.sf 45| Sep | 2 <
e -1 ‘ 39 AR
| < - 3R | A parap
, YEVARYS
S Hal [9co ALK
- i
S D >3 XUALA
— [P *
SC-Fp & 1950 SCIALA -
< -— } A
20.- 40 e W AKX
Ty Touode.
[
L
i
~
- V B
Iy
I M S
.
l :
e - .
,--"// ]
- .
-
\ -
-~ -
| .
_ {Eelinquished_:f . . Relinquished: Relinquished: Special Instructions/Motes
' :Signalure)#ﬂj-a,_ t.-—"’,-' A {Signature) {Signature)
Sfinted neme: Printed name: Prirted name:
Vo Wlegarorms -
1 Sompany: Company: Company:
FiuC < Sl o
Date: Time: Date: Time: Date: Time:
e LT :
‘ Received-by: - e Received by: Received by:
l !.—;l: 35,:::5
. Prnted name: Printed name: Printed name;
i | '-':jt T e
iCorgpany: Company: Company: Number of Coolers:
‘i B L Lesiaas Cooler Temp(s):
Dale: Time? Date: Time: Date: Time: COC Seals Intact?
) -
o ey e Botlles Intact?
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Data Validation and Data Quality Assessment Report
Log Pond Cap Monitoring Round 1
October 10, 2001

1.0 Introduction

This report presents the EPA Level III validation of the samples listed in Table 1. With the
exception of grain size, the analyses were performed by Analytical Resources, Incorporated, located
in Seattle Washington. The grain size analyses were performed by Rosa Environmental and
Geotechnical Laboratory, L.L.C., located in Seattle, Washington. The validation was performed in
accordance with the procedures established in the Contract Laboratory Program National
Functional Guidelines for Inorganic and Organic Data Review (Functional Guidelines) (USEPA
1994, 1994a). Data quality objectives, project detection limits, and quality control (QC) sample
frequencies are from Appendix C Operations, Maintenance and Monitoring Plan Interin Remedial
Action Log Pond Cleanup/Habitat Restoration (OMMP) (Anchor Environmental 2001). The
criteria used to qualify data are taken from Functional Guidelines, the OMMP, the analytical
methods, or the professional judgment of the validation chemist.

Sections 2 through 4 present the validation findings and Section 6 defines the data qualifiers.
Section 5 evaluates the project data against the data quality objectives set forth in the OMMP.
Table 2 presents a summary of the qualified data. Copies of laboratory communications are
presented in Appendix A. Data qualifier flags have been added to the sample results in the original
report, laboratory electronic data deliverable files, and the Anchor data table.

Table 1 — Sample Data Reviewed

Sample ID Laboratory Sample ID SVOAs Mercury Conventionals
SC-76A DH73A X X X
SC-76B DH73B X X X
SC-76C DH73C X X X
SC-76D DH73D X X X
SC-76E DH73E X X X
SC-40E DHT73F X X X
SC-301A DH90A X X X
SC-301B DH90B X X X
SC-301D DH90C X X X
SC-301E DH90D X X X
SC-75E DH90E X X X
SS-75 DH93A X X X
SS-76 DH93B X X X
WP-2 DH93C X X X
SS-40 DH93D X X X
WP-1 DH93E X X X
SS-301 DH93F X X X
OMMP-RB DHS89A X X
OMMP-FB DHS89B X X

SVOA: Phenol, benzyl alcohol, 2- and 4-methylphenol, 2,4-dimethylphenol, benzoic acid, and pentachlorophenol by
Method 8270 (USEPA 1996)

Mercury: Total mercury by Methods 7471A and 7470A (USEPA 1996)

Conventionals: Total solids by Method 160.3 (USEPA 1999), total organic carbon by the Plumb Method (Plumb
1981), and grain size by the PSEP Method (PSEP 1996)

LP-OMMP-Level ITI-DV.doc 2
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2.0 Data Validation of Semivolatile Organics Analyses

2.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were extracted and analyzed within the required holding times. Except as noted below,
all samples were received intact and were properly preserved. The data packages are complete and
contain results for all samples and tests requested on the chain-of-custody (COC).

The temperature of the samples when they were received at the laboratory was not documented in
the data package for sample delivery groups (SDGs) DH90, DH93, and DH89. The laboratory
provided the receipt temperatures.

The temperature of the samples in SDGs DH90, DH93, and DH89 were above the recommended
temperature range of 2 to 6 °C at the time of laboratory receipt. The temperature of the samples was
20.5 °C. Kim Magruder, of Anchor Environmental, stated that the samples were only above the
temperature range a short time during transport to the laboratory. Data qualifiers are not
recommended.

2.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound decafluorotriphenylphosphate was analyzed at the required frequency and all
relative abundance values are acceptable.

2.3 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency. The Functional Guidelines criteria of
relative standard deviation values less than or equal to 30% and relative response factors greater
than 0.05 were met for all target compounds.

2.4  Continuing Calibration — Acceptable with Qualifications

Calibration verifications were analyzed at the required frequency. Except as noted below, the
Functional Guidelines criteria of percent difference values less than or equal to 25 and relative
response factors greater than 0.05 were met.

The percent difference values of benzoic acid and 2-fluorophenol in the calibration verification
standard analyzed 7-6-01 are above the Functional Guidelines criteria at 25.4% and 26.5%,
respectively. Since the response decreased, the benzoic acid results in the associated samples were
qualified as estimated (J) or estimated detection limit (UT) as shown in the following table. Data
qualifiers are not required for 2-fluorophenol because it is a surrogate compound.

LP-OMMP-Level [1I-DV.doc 3
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Sample ID Analyte Qualification Quality Control Exceedance
OMMP-RB Benzoic acid J positive results Continuing calibration percent difference
OMMP-FB UJ detection limits greater than 25 (response decreased)

2.5 Blank Analyses — Acceptable

2.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target compounds were not detected
above the reporting limits.

2.5.2 Field Blanks

Samples OMMP-RB and OMMP-FB were identified as field blanks. Target compounds were not
detected above the reporting limits in either field blank.

2.6  Surrogate Analyses — Acceptable with Qualifications

Surrogate compounds were added to all samples, blanks, and QC samples as required. Except as
noted below, the recovery values are within the OMMP criteria.

The 2,4,6-tribromophenol surrogate recovery value for the 7-6-01 method blank is below the
OMMP criteria at 45.9%. Data qualifiers are not required for QC samples.

The phenol-d5, 2-fluorophenol, 2,4,6-tribromophenol, and 2-chlorophenol-d, surrogate recovery
values for sample SC-76D are below the OMMP criteria at 48.2%, 48.7%, 45.3%, and 46.6%,
respectively. Functional Guidelines requires qualifying data when two or more surrogate recovery
values in the same fraction (base/neutral or acid) are outside criteria. Therefore, the acid analytes
were qualified as estimated (J) or estimated detection limit (UJ) as shown in the following table.

Sample ID Analyte Qualification Quality Control Exceedance
SC-76D Phenol J positive results Acid fraction surrogate recovery values below
2-methylpheno} UJ detection limits OMMP criteria

4-methylphenol
2,4-dimethylphenol
Benzoic acid
Pentachlorophenol

2.7  Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion

Except as noted below, matrix spike/matrix spike duplicates (MS/MSD) were analyzed at the
required frequency and all percent recovery and relative percent difference (RPD) values are within
the OMMP criteria.

LP-OMMP-Level I1I-DV.doc 4
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MS/MSD analyses were not reported for the water samples. Data qualifiers are not required
because the water samples are field QC samples and laboratory control sample demonstrates the
analytical system is in-control.

2.8  Laboratory Control Sample Analyses — Acceptable with Discussion

Laboratory control samples were reported with the data. Except as noted below, all percent
recovery values are within the OMMP criteria of 50 to 135%.

The pentachlorophenol recovery value in the laboratory control sample associated with the sediment
samples is below the OMMP criteria at 42.7%. Data qualifiers are not recommended because the
MS/MSD is acceptable.

2.9 Standard Reference Material Analyses — Acceptable

The laboratory analyzed the Sequim Bay Fortified Reference Sediment as the standard reference
material required by the OMMP. The results are acceptable and meet the criteria of within the 95%
confidence interval.

2.10 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks, and QC samples as required. The recovery
and retention time criteria of Functional Guidelines were met.

2.11 Laboratory Reporting Limits — Acceptable with Discussion

The OMMP target detection limits were met, with one exception. The laboratory reporting limit for
pentachlorophenol is 100 pg/kg, which is greater than the OMMP target detection limit of 50 pg/kg.

2.12  Field Duplicates

Field duplicates are not associated with this sample set.

2.13  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration of
the information presented here, the data are acceptable except where flagged with data qualifiers
that modify the usefulness of the individual values.

LP-OMMP-Level 11I-DV.doc 5
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3.0 Data Validation of Total Mercury Analyses

3.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times. Except as noted below, all samples
were received intact and were properly preserved. The reports are complete and contain results for
all samples and tests requested on the COC.

The temperature of the samples in SDGs DH90, DH93, and DH89 were above the recommended
temperature range of 2 to 6 °C at the time of laboratory receipt. The temperature of the samples was
20.5 °C. Kim Magruder, of Anchor Environmental, stated that the samples were only above the
temperature range a short time during transport to the laboratory. Data qualifiers are not
recommended.

3.2  Initial Calibration — Acceptable

Initial calibrations were analyzed as required and all quality control checks meet Functional
Guidelines requirements.

3.3  Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the required
frequency. All Functional Guidelines criteria were met.

3.4  Blank Analyses — Acceptable

3.4.1 Method Blanks

Method blanks were analyzed at the required frequency. Target analytes were not detected above
the reporting limits.

3.4.2 Calibration Blanks

Calibration blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limits.

3.4.3 Field Blanks

Samples OMMP-RB and OMMP-FB were identified as field blanks. Target analytes were not
detected above the reporting limits in either field blank.

LP-OMMP-Level 111-DV.doc 6
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3.5 Duplicate Sample Analyses — Acceptable with Discussion

Except as noted below, sample duplicate analyses were reported at the required frequency and all
RPD values are within the OMMP criteria.

Sample duplicate analyses were not reported for the water samples. Data qualifiers are not required
because the water samples are field QC samples.

3.6  Matrix Spike Analyses — Acceptable with Discussion

Except as noted below, matrix spike analyses were reported at the required frequency. All percent
recovery values are within the OMMP criteria.

Matrix spike analyses were not reported for the water samples. Data qualifiers are not required
because the water samples are field QC samples and laboratory control sample demonstrates the
analytical system is in-control.

3.7  Laboratory Control Sample Analyses — Acceptable

Laboratory control samples were reported with the water samples. All percent recovery values are
within the OMMP criteria.

3.8  Standard Reference Material Analyses — Acceptable

Standard reference materials were analyzed as required by the OMMP. All results are within the
OMMP criteria.

3.9  Laboratory Reporting Limits — Acceptable

The OMMP target detection limits were met for all sediment samples.

3.10 Field Duplicates

Field duplicates are not associated with this sample set.

3.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration of
the information presented here, the data are acceptable.
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4.0 Data Validation of Conventional Parameters

4.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times. Except as noted below, all samples
were received intact and were properly preserved. The report is complete and contains results for all
samples and tests requested on the COC.

The temperature of: the samples in SDGs DH90 and DH93 were above the recommended
temperature range of 2 to 6 °C at the time of laboratory receipt. The temperature of the samples was
20.5 °C. Kim Magruder, of Anchor Environmental, stated that the samples were only above the
temperature range a short time during transport to the laboratory. Data qualifiers are not
recommended.

4.2  Initial Calibration — Acceptable

Tnitial calibrations were analyzed as required and all quality control checks are acceptable.

4.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the required
frequency. All quality control criteria were met.

4.4  Blank Analyses — Acceptable

4.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected above
the reporting limits.

4.4.2 Field Blanks
The field blanks were not analyzed for conventional parameters.
4.5  Duplicate Sample Analyses — Acceptable with Discussion

Sample duplicate analyses were analyzed at the required frequency and all RPD values are within
the OMMP criteria.

Duplicate results were not reported for total solids or TOC. The laboratory directed the validation

chemist to the raw data for verification of duplicate analysis. According to the raw data, duplicate
analyses were preformed on non-project samples and are acceptable.

LP-OMMP-Level 11I-DV.doc 8
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4.6  Matrix Spike Analyses — Acceptable with Discussion

Matrix spike analyses were reported at the required frequency and all percent recovery values are
within the OMMP criteria.

Matrix spike results were not reported for TOC. The laboratory directed the validation chemist to
the raw data for verification of matrix spike analysis. According to the raw data, matrix spike
analyses were preformed on non-project samples and are acceptable.

47  Standard Reference Material Analyses — Acceptable

Standard reference materials were reported for TOC as required by the OMMP. The recovery
values are within the OMMP criteria.

4.8  Laboratory Reporting Limits — Acceptable

The OMMP target detection limits were met.

4.9 Field Duplicates

Field duplicates are not associated with this sample set.

4.10 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration of
the information presented here, the data are acceptable.

5.0 Assessment of Data Quality Objectives

5.1 Precision

Precision is a measure of the mutual agreement among individual measurements of the same
property, under prescribed similar conditions. Precision is determined through analysis of matrix
spike/matrix spike duplicates, sample duplicates, and field duplicate samples. Duplicate samples
are evaluated for precision in terms of relative percent difference. Relative percent difference is
defined as the difference between the duplicate results divided by the mean and expressed as a
percent.

The precision of the data set meets the data quality objective of the OMMP. For the semivolatile
organic, mercury, and conventional parameters the MS/MSD and laboratory duplicate RPD values
are within the OMMP criteria. Field duplicates are not associated with this sample set.

LP-OMMP-Level III-DV.doc 9
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5.2  Accuracy

Accuracy is the degree of agreement between a measurement and the accepted reference or true
value. The level of accuracy is determined by examination of surrogates, matrix spikes, matrix
spike duplicates, laboratory control samples, standard reference materials, method blanks, and field
blanks. The surrogate, matrix spike, matrix spike duplicate, laboratory control samples, and
standard reference material recovery values were compared to the criteria set forth in the OMMP,
Functional Guidelines, or the analytical method. Method and field blanks are analyzed to identify
compounds that could be introduced during the sampling, laboratory extraction, or analysis phase
(i.e., laboratory contaminates) and lead to inaccurate results.

The accuracy of the mercury and conventional data sets meets the data quality objective of the
OMMP. The recovery values of the matrix spike, laboratory control samples, and standard
reference materials are acceptable and the method blanks and field blanks are free of contamination.

The accuracy of the semivolatile organics data set meets the data quality objective of the OMMP
with following exception. The acid analytes of sample SC-76D may be biased low as shown by the
low acid surrogate recovery values. The low recovery value of pentachlorophenol in the laboratory
control sample does not affect the accuracy of the data set because the MS/MSD is acceptable. The
recovery values of the matrix spikes, matrix spike duplicates, and standard reference materials are
acceptable and the method blanks and field blanks are free of contamination.

5.3  Representativeness

Representativeness is the extent to which the data reflect the actual contaminate levels present in the
samples. Representativeness is assessed through method and field blanks, and proper preservation
and handling. Method and field blank analyses allow for the detection of artifacts that may be
reported as false positive results. Proper sample preservation and handling ensure that sample
results reflect the actual sample concentrations.

The data are assumed to be representative since all samples were analyzed within the required
holding times. The temperature upon receipt at the laboratory (20.5 °C) does not affect the
representativeness of the data because the categories of target analytes; semivolatile organics, total
mercury, TOC, total solids, and grain size, are not adversely affected by short periods at elevated
temperatures. The method blanks and field blanks are free of contamination.

54  Comparability

Comparability is a measure of how easily the data set can be compared and combined with other
data sets. The data are assumed to be comparable since standard EPA methods were used to analyze
the samples, the method QC criteria were met, and routine detection limits were reported.

LP-OMMP-Level I1I-DV.doc 10
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5.5 Completeness

Completeness is expressed as the ratio of valid results to the amount of data expected to be obtained
under normal conditions. Completeness is determined by assessing the number of samples for
which valid results were obtained versus the number of samples that were submitted to the
laboratory for analysis. Valid results are results that are determined to be usable during the data
validation review process.

The 100% completeness goal of the OMMP was met. The completeness of this data set is 100%,
since all of the samples were analyzed and all the results were determined to be valid.

6.0 Definition of Data Qualifiers

6.1  Inorganic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (USEPA 1994).

U The material was analyzed for, but was not detected above the level of the associated
value. The associated value is either the sample quantitation limit or the sample
detection limit.

J  The associated value is an estimated quantity.

UJ The material was analyzed for, but was not detected. The associated value is an
estimate and may be inaccurate or imprecise.

R The data are unusable. (Note: Analyte may or may not be present.)

6.2 Organic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Organic Data
Review (USEPA 1994a).

U The analyte was analyzed for but not detected above the reported sample quantitation
limit.

J The analyte was positiveély identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

UJ The analyte was not detected above the reported sample quantitation limit. However,
the reported quantitation limit is approximate and may or may not represent the

LP-OMMP-Level I1I-DV.doc 11
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actual limit of quantitation necessary to accurately and precisely measure the analyte
in the sample.

N The analysis indicates the presence of an analyte for which there is presumptive
evidence to make a “tentative identification”.

NJ The analysis indicates the presence of an analyte that has been “tentatively
identified” and the associated numerical value represents its approximate
concentration.

R The sample results are rejected due to serious deficiencies in the ability to analyze
the samples and meet quality control criteria. The presence or absence of the analyte
cannot be verified.
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Table 2
Summary of Qualified Data
Sample ID Analyte Qualifier Reason for Qualification
OMMP-RB Benzoic acid ul Continuing calibration percent difference
OMMP-FB greater than 25 (response decreased)
SC-76D Phenol uJ Acid fraction surrogate recovery values
2-methylphenol below OMMP criteria

4-methylphenol
2,4-dimethylphenol
Benzoic acid
Pentachlorophenol
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Appendix A

Laboratory Communications
(1 page)
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Introduction

As part of the comprehensive plan to clean up sediments and restore habitat in
Bellingham Bay, the Georgia Pacific Log Pond was capped with clean sediment. The
capping modified 1.5 acres of deep subtidal, 2.5 acres of shallow subtidal and 1.6 acres of
intertidal riprap, providing 4.0 acres of low intertidal and 1.6 acres of shallow subtidal
habitat (Anchor Environmental, 2000).

The capping process occurred in 2 phases. Phase I involved covering existing
sediments with a thick layer of clean sediment. In Phase II, a thinner layer of native st
material from Squalicum was placed over the capping material. It was expected that the
native silt would already contain an established community of infaunal invertebrates and
would provide good settlement habitat for larvae from other regional invertebrate species.

The Log Pond restoration plan includes assessment of the new habitat performance.
While capping the sediments in the pond should improve sediment quality, it is important
to demonstrate that the sediment cap is controlling bioaccumulation exposures and that
the habitat is functioning properly with a healthy, productive benthic community. This is
important both for the inherent value of the benthic invertebrate community itself and for
the role it plays in the broader Bellingham Bay and regional ecosystems (e.g., as food for
juvenile salmonids).

It was predicted that the Phase II sediments would be rapidly recolonized and that a
fully functional benthic community would be established by 3 - 4 years after construction
of the cap. Documenting the recovery will require regular sampling and monitoring of
the infaunal and epibenthic invertebrate fauna. This should be continued until the benthic
communities structure approaches that seen in reference sites that have not be impacted
by historical commercial/industrial activities. Initial baseline sampling of the Log Pond
was done immediately prior to construction and capping activities. Here we report on the
second and third rounds of habitat sampling, which took place five and six months after
the cap was put in place.

Materials and Methods

We felt that it was important that post-construction data be comparable to baseline
data collected before the Log Pond was capped. To ensure this would be the case, we
used the same collection methods used in the baseline survey. Those methods are
outlined below.

Quantitative sampling of the epibenthos

In accordance with the Operations, Maintenance and Monitoring Plan for the Log
Pond Project (OMMP), we used an epibenthic suction pump (Simenstad et al., 1991) to
take three replicate samples of the epibenthos at each of 3 fixed stations (S574, SS75 and
SS76) within the log pond (Fig. 1).

The epibenthic pump covered a 0.33 m? area of the bottom and enclosed a volume of
7.1 liters. To collect samples, we gently placed the pump on the bottom at the selected
station and collected a sample. To ensure that all invertebrates were removed from the
pump, we flushed three full volumes of water (21.3 1) through the system. The pump had
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0.130-mm screened ports that retained the macroinvertebrates but allowed water to pass
through and flush the system. Because the OOMP required sampling a full 0.1 m” area
for each sample, we repeated the above sampling three times (moving the pump at least
0.5 m each time) to collect three subsamples, which were pooled to form a single sample.
We washed the collected material through a 0.253-mm mesh sieve and preserved the
sample in 10% buffered formalin. The samples were later transferred to 70% ethanol.

For comparison with the log pond, we established two reference stations in the inner
part of Chuckanut Bay (Fig. 1). The stations were chosen to duplicate the Log Pond as
closely as possible (e.g., water depth, sediment composition, exposure). We collected
triplicate pooled samples at both stations in Chuckanut Bay as described above. Sampling
in the Log Pond and at the Chuckanut site was done on May 14 and 15, 2001 and was
repeated on June 25, 2001.

In the laboratory, all invertebrates were picked from the samples, sorted and
identified to the lowest taxonomic level. Because some samples had very high numbers
of invertebrates, it was necessary to subsample some replicates. We did this by
thoroughly mixing the sample and removed a measured volume for analysis. All counts
were later standardized to permit statistical comparisons.

To determine the biomass composition of each sample, we separated the
invertebrates picked from each sample into broad taxonomic groups (i.e., nematodes,
annelids, molluscs, and crustaceans). These individual samples were dried ina 60° C
oven for 24 hours then weighed.

For each sample, we calculated the total number of invertebrate species, the
Shannon-Weiner diversity index (H’, using log base e) and Pielou’s evenness index (J”).
To look for differences between the two study sites and between the two sampling dates,
we used a 3-way partially nested analysis of variance. Time and Site were fixed main
effects. Station (e.g., SS74, CHI1) was a random factor nested within site. We used the
same model to test for differences in epibenthic biomass. We tested the assumption for all
ANOVA analyses. Where the assumption of equal variances was violated, we attempted
to correct the violation by transforming the data. If that was unsuccessful, we continued
with the analysis, realizing that our analyses would suffer from an increased possibility of
Type [ error (i.e., finding significant differences that really were not there).

Quantitative sampling of benthic invertebrates

Effectively sampling the epibenthic community required a different protocol. For
consistency with pre-construction sampling, we used a 0.023 m” petite ponar grab
sampler (PSEP 1997a) to collect benthic invertebrates. On each sampling date, three
grab samples were taken at each station in the log pond (SC-74, SC-75, SC-76) and at the
two reference stations in Chuckanut Bay (CHI, CH2). All ponar samples were collected
on June 25, 2001.

The collected samples were washed through a 0.5-mm brass sieve. put in 500 ml
glass jars and fixed with 10% buffered formalin. They were later transferred to 70%
ethanol, sorted and identified to the lowest possible taxonomic group. After we had
sorted and counted all the invertebrates, we grouped them into phyla, oven dried them at
60° C for 24 hours then weighed them to get a dry biomass measurement.
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Community analyses

We ran cluster analyses to get a better idea of similarities between the epibenthic
and benthic invertebrate communities the Log Pond and in Chuckanut Bay. These
analyses go beyond simple counts of species, diversity indices and evenness indices as
they consider the species composition of the samples.

We used hierarchical cluster analysis (Ward’s method with a Euclidean distance
measure) and k-means cluster analysis to reveal patterns in the data. We ran separate
analyses for the epibenthic data (all stations in both sites in May and June) and for the
ponar data (all stations in both sites on the single June sampling date).

Characterization of the sediments

Because sediment composition can have a strong impact on benthic community
structure and composition, we felt it was important to characterize the sediments. To do
this, we took a single ponar bottom grab from each station on June 25, 2001. The
sediments were held in a -80° C freezer until they could be processed. At that time, a
subsample of each sediment collection was washed through a series of sieves that
separated the sediment into size fractions. The fractions were oven dried at 60° C for 48
hours and weighed. We used the weights to determine the grain-size composition for each
sample. A subsample of the unsorted sediment was also oven dried for 96 hours at 60° C,
weighed, and burned at 500° C in a muffle furnace to remove all organic material. The
drop in weight was used to calculate a percent organic content of each sediment.

To determine whether sediment composition was different between the Log Pond
site and the reference site, we calculated the average percent composition for each
sediment fraction at each site. We then compared the sediment size distributions for the
two sites with a Kolmogorov-Smirnov test. Organic fraction was compared with a one-
way analysis of variance with site (Log Pond vs. Chuckanut) as the main effect.

Results
Biomass measurements

Epibenthic sampling revealed an abundance of invertebrates in the Log Pond and
in the reference site (Appendix I - IIT). Dry biomass measurements ranged from 0.0012 g
(in a May sample from SS74 in the Log Pond) to 0.3052 g (in a June sample from SS76
in the Log Pond). There appeared to be a pattern of higher epibenthic biomass in samples
from the Log Pond with more invertebrates in the northeastern site (SS76; Fig. 2).
However, analysis of variance failed to reveal significant biomass differences between
the sample dates or between the sites. Nor were we able to detect significant variation
among the sampling stations within the study sites (Table I). It should be noted that the
power of this analysis was extremely low. For example, a power value of 0.07 for the
Time effect indicates that, given our level of replication, we had only a 7% chance of
detecting a real effect. Clearly, increased replication would have greatly increased the
strength of our analysis and our confidence in the results.

Invertebrate biomass in ponar samples was generally higher than in the epibenthic
samples (Fig. 2). Within these two data sets, however, statistical analysis showed no




significant differences between sites and no significant variability among sampling
stations (Table IT). This was due to 1) the high variability among samples within a
station and 2) the very low power of the analyses.

Both the epibenthic and ponar samples contained primarily crustaceans, molluscs,
annelids and nematodes. The relative contribution of these groups to the biomass
measurements, however, appeared to differ between sites and over time (Fig. 3). The
most dramatic pattern was a great increase in the importance of annelids to the total
biomass in the June samples. This was particularly evident in the Chuckanut epibenthic
samples where % biomass of annelids increased from 0% to nearly 60%. The percent
composition of the ponar samples was dramatically different for the Log Pond and
Chuckanut samples (taken only in June). The Log Pond samples were dominated by
annelids, but the Chuckanut samples held a relatively small proportion of annelids and a
much higher proportion of crustaceans.

Invertebrate diversity

A large number of species were collected from both the Log Pond and the
Chuckanut study sites (Fig. 4). Statistical analysis showed significant variation among
stations and a significant time*station interaction, indicating that the changes were not
consistent from station to station (i.e., over time, the number of species apparently went
up at SS75, but went down at S$76). None of the other effects were significant, but
power of the analyses was again low (Table III).

Plotting community-level indices showed that both diversity and species evenness
were consistently higher in June than it was in May (Fig. 4). This is verified in statistical
analyses that a significant time effect (Tables IV-V). There was also a significant site
effect in the diversity index with the Chuckanut sites showing higher diversity than the
Log Pond sites. There was also a significant time*station interaction in the diversity
analysis, but that results should be interpreted cautiously given the violation of the
homogeneous variance assumption and the borderline significance (p = 0.04).

The number of invertebrate species collected in ponar samples was approximately
equal to that found in the epibenthic community. However, diversity and evenness were
generally lower (Fig. 5). In our statistical analysis of number of species, only station was
significant (indicating variability from station to station within the study sites; Table VI).
There were no detectable differences in the diversity indices (Table VII). However, sites
differed significantly in Pielou’s evenness; species evenness was much higher in the Log
Pond (Table VIII, Fig. 5). Note, however, that the violated ANOVA assumption makes
this conclusion suspect. Power for the main effects in these analyses were again
generally low.

Cluster analysis of epibenthic samples showed very strong effects of date on
community composition. The analysis produced three data clusters (Fig. 6). Cluster |
was an outlier group of Log Pond sites (mixing May and June samples). Cluster 2 was
composed almost entirely of samples collected in June and Cluster 3 was limited
primarily to samples collected in May. There was no separation of sites in this analysis
suggesting that the composition of the epibenthic communities in the Log Pond and
Chuckanut sites were similar. This was verified by a chi-square association test, which
showed no Site contribution to the clusters (ngdf =0.30,p=0.24).




K-means cluster analysis of the ponar samples showed a very different pattern.
The clusters that formed were strongly associated with site differences. A chi-square
association test showed a strong site effect (Site X*44r=12.0, p = 0.01). The Log Pond
stations fell out strongly in Cluster 1 and all the Chuckanut stations except one fell out in
Cluster 2 (Fig. 6). Several invertebrate species contributed heavily to the separation of
the clusters. Two polychaetes (Owenia fusiformis and Glycinde polygnatha) and one
bivalve (Macoma nasuta) were much more abundant in Cluster 2 sites (i.e., Chuckanut)
than in Cluster 1 (Log Pond sites). In contrast, the Log Pond sites had much higher
abundance of the polychaete Leitoscoloplos pugettensis.

Sediment characteristics

Sediments from both study sites were composed largely of sand in the 0.125 -
0.246 mm size fraction; there was a relatively low proportion of silts (Fig. 7).
Kolmogorov-Smimov analysis showed no significant difference in the distributions of
sediment sizes at the two study sites (D = 0.13, p = 0.38).

The organic content of sediments from the two study sites was less than 4% (Fig.
7). One-way ANOVA failed to detect significant differences between the study sites
(Fo.0s,13=0.60, p = 0.49). However, power was again very low (power = 0.08).

Discussion

To assess health of the epibenthic and benthic invertebrate communities in the
Log Pond, we chose to compare them to communities from a reference site in Chuckanut
Bay. The two sites are similar in depth and exposure. Analyses also suggest that the
sediments are similar in grain-size composition and in organic content. This doesn’t
mean that the two sites are the same, but it does indicate that there are not extreme
differences that would preclude comparisons.

Our analyses suggest there is a good biomass of invertebrates in the Log Pond. In
fact, there were indications that the biomass was actually higher there than in the
reference site, but we were unable to demonstrate it statistically. At the phylum level, the
composition of the communities differed, but most of the differences appeared to be
related to time rather than to site. The exception to this was in the ponar samples. Most
of the invertebrate biomass in the Log Pond samples was polychaete annelids while the
Chuckanut samples held a much higher proportion of crustaceans.

The Log Pond and the reference site appeared to hold similar numbers of
invertebrate species and to have similar levels of diversity and evenness. There were no
obvious indications that a healthy invertebrate community is not developing in the Log
Pond sediment cap.

Despite these similarities, there were also indications of basic differences in the
structure of the invertebrate community in these two sites. Cluster analysis of data from
ponar samples clearly separated the two sites. This indicates basic community-level
differences; samples from the Log Pond were much more similar to each other than they
were to samples from Chuckanut Bay. The separation of these groups is largely
attributable to three polychaete species and a bivalve species. We do not know what
factors are contributing to the differences in these species’ distributions. It will remain to
be seen whether the communities in the two sites converge over time.




A common theme in our analyses was a serious lack of statistical power. This
consequence of sampling design could be improved significantly be making some fairly
minor changes in the way samples are collected. In particular, we suggest that 1) the data
be balanced by taking equal numbers of samples in the Log Pond and in the Chuckanut
reference site and 2) that the samples be randomly scattered throughout the area rather
than restricted to single sample stations. Both of these changes would significantly
improve the power of the statistical analyses and would help us detect real differences.
Additionally, this approach would help us deal with violation of statistical assumptions
(e.g., non-heterogeneous variances).
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Table I. Analysis of variance table for dry biomass measurements of epibenthic
invertebrates. Time had 2 levels (May and June). Site also had two levels (Log Pond and
Chuckanut). The assumption of equal variances was violated for this data set. This did
not, however, affect our conclusions since no significant effects were found.

Source SS df MS F p Power
Time 5.75E-04 1 5.75E-04 0.44 0.55  0.07
Site 7.42E-03 1 7.42E-03 0.73 045 0.09
Time*Site 1.95E-04 1 1.95E-04 0.14 0.72  0.05
Station 3.01E-02 3 1.00E-02 2.98 0.06 056
Time*Station 3.92E-03 3 1.30E-03 0.38 0.76  0.11
Error 6.72E-02 20 3.36E-03

Total 1.09E-01 29

Table II. Analysis of variance table for dry biomass measurements of invertebrates
collected with a ponar grab. The assumption of equal variances was again violated, but
conclusions are valid since on significant effects were found.

Source SS df MS F P Power
Site 0.032 1 0.032 0.28 0.62 0.17
Station 0.341 3 0.114 1.34 0.31 0.06
Error 0.843 10 0.083

Total 1.216 14

Table III. Analysis of variance table for number of invertebrate species collected in
epibenthic samples. The assumption of equal variances was met for these data.

Source SS df MS F p Power
Time 5.97 1 5.97 0.51 0.52  0.08
Site 168.20 1 168.20 4,11 0.13  0.29
Time*Site 3.75 1 3.75 0.32 0.61  0.07
Station 122.66 3 40.88 11.16 <0.01 0.98
Time*Station 35.11 3 11.70 3.19 0.04 0.64
Error 73.33 20 3.66

Total 409.02 29




Table IV. Analysis of variance table for the Shannon-Wiener (H’) diversity index. Indices
were calculated for each epibenthic sample. The assumption of equal variances was
violated for these data and could not be corrected by transformation. Significant results,
therefore, must be interpreted cautiously.

Source SS df MS F p Power
Time 3.37 1 3.37 13.94 0.03 0.70
Site 1.24 1 1.24 12.37 0.03 0.65
Time*Site 0.006 1 0.006 0.02 0.87 0.05
Station 0.30 3 0.10 1.42 0.26 0.17
Time*Station  0.72 3 0.24 3.27 0.04 0.65
Error 20 0.07

Total 5.63 29

Table V. Analysis of variance table for the Pielou’s (J*) evenness index. Indices were
calculated for each epibenthic sample. The assumption of equal variances was violated

for these data and could not be corrected by transformation. Significant results, therefore,
must be interpreted cautiously.

Source SS df MS F p Power
Time 0.39 1 0.39 16.47 0.02 0.76
Site 0.04 1 0.04 3.05 0.17 0.23
Time*Site 0.0003 1 0.0003 0.01 0.90 0.05
Station 0.04 3 0.01 1.01 0.40 0.18
Time*Station  0.07 3 0.02 0.97 0.15 0.43
Error 0.24 20 0.01

Total 0.78 29

Table V1. Analysis of variance table for the number of species collected in ponar grabs.
Separate indices were calculated for each. Variances were homogeneous.

Source SS df MS F P Power
Site 98.17 1 98.17 0.97 0.39 0.11
Station 295.55 3 98.51 5.45 0.01 0.80
Error 180.66 10 18.06

Total 574.38 14




Table VII. Analysis of variance table for the Shannon-Wiener (H’) diversity index.
Indices were calculated for each ponar sample. Variances were homogeneous.

Source SS df MS | F P Power
Site 0.41 1 0.41 1.26 0.34 0.12
Station 0.98 3 0.32 1.28 0.33 0.24
Error 2.54 10 0.25

Total 3.93 14

Table VIIL. Analysis of variance table for the Pielou’s (J’) evenness index. Indices were
calculated for each ponar sample. The assumption of equal variances was violated for
these data and could not be corrected by transformation. The significant site effect,
therefore, must be interpreted cautiously.

Source SS df MS F P Power
Site 0.24 1 0.24 9.31 0.05 0.54
Station 0.07 3 0.02 0.71 0.56 0.15
Error 0.37 10 0.03

Total 14
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Figure 1. Study sites in the Log Pond and at the Chuckanut reference site. Scale bars on
all figures represent 100 m.
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Figure 2. Total dry weights of all invertebrates picked from epibenthic and ponar

samples. Standard errors are shown.
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Figure 3. Dry weight composition of invertebrate samples from the Log Pond and
Chuckanut study sites.
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Figure 4. Community composition in epibenthic samples from the Log Pond and
Chuckanut sites. Total number of species, the Shannon-Weiner diversity index (H) and
Pielou’s evenness index (J°) are plotted. Standard errors are shown.
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evenness index (J”) are plotted. Standard errors are shown.
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Figure 6. Cluster analysis for invertebrate samples with an epibenthic pump and with a
ponar grab in the Georgia Pacific Log Pond and at a Chuckanut Bay reference site.
Ward’s cluster method with a Euclidean distance measurement was used for the analysis.
Asterisks in the Epibenthic Samples cluster indicate samples collected in May. All other
samples were collected in June.
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Appendix L.

Species Checklist for invertebrates collected in the Georgia Pacific Log Pond and in the
Chuckanut Reference Site.

Phylum Nematoda
Unidentified nematodes
Phylum Nemertea
Unidentified species
Phylum Annelida
Class Polychaeta
Order Flabelligerida
Family Flabelligeridae
Pherusa sp
Order Orbiniida
Family Orbiniidae
Leitoscoloplos pugettensis (Pettibone, 1957)
Order Opheliida
Family Opheliidae
Armandia brevis (Moore, 1906)
Order Oweniida
Family Oweniidae
Owenia fusiformis
Order Terebellida
Family Pectinariidae
Pectinaria sp.
Order Capitellida
Family Capitellidae
Capitella capitata (Fabricius, 1780)
Mediomastus sp.
Order Cossurida
Family Cossuridae
Cossura sp.
Order Phyllodocida
Family Nephtyidae
Nephtys longosetosa (Jrsted, 1843)
Family Nereidae
Platynereis bicanaliculata (Baird, 1863)
Family Goniadidae
Glycinde polygnatha (Hartman, 1950)
Family Pholoididae
Pholoe sp.
Family Phyllodocidae
Phyllodoce sp.
Eulalia sp.
Family Polynoidae
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Harmothoe imbricata (Linnaeus, 1766)
Family Syllidae
Exogon lourei (Berkeley & Berkeley, 1938)
Order Spionida
Family Spionidae
Pygospio sp.
Prinospio jubata
Sphiophanes sp.
Polydora sp.
Class Oligochaeta
Unidentified species
Phylum Mollusca
Class Gastropoda
Subclass Opisthobranchia
Order Cephalaspidea
Gastropteron pacificum
Subclass Prosobranchia
Order Archaeogastropoda
Family Trochidae
Margarites sp.
Order Mesogastropoda
Family Lacunidae
Lacuna sp.
Family Rissoidae
Alvania sp.
Order Neogastropoda
Family Nassariidae

Nassarius mendicus (Gould, 1849)
Class Bivalvia

Order Veneroida
Superfamily Galeommatoidea

Family Cardiidae
Clinocardium nuttallii (Conrad, 1837)
Nemocardium centifilosum (Carpenter, 1864)
Unidentified species

Family Tellinidae
Macoma nasuta (Conrad, 1837)

Tellina bodegensis Hinds, 1845
Phylum Arthropoda

Subphylum Crustacea
Class Branchiopoda
Order Cladocera
Family Podonidae

Podon leuckarti (G. O. Sars, 1862)
Class Ostracoda

Suborder Myodocopina
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Euphilormedes carcharodonta (Smith, 1952)
Suborder Podocopida
Unidentified ostracod species |
Unidentified ostracod species 2
Class Cirripedia
Balanus glandula Darwin, 1854
Unidentified cyprid larvae
Class Copepoda
Order Callanoida
Unidentified species
Order Harpacticoida
Harpacticus sp.
Tisbe sp.
Ectinosoma melaniceps
Orthopsyllus illgi
Nannopus palustris
Class Malacostraca
Subclass Phyllocarida
Order Leptostraca
Family Nebaliidae
Nebalia pugettensis (Clark, 1932)
Subclass Peracarida
Order Cumacea
Family Lampropidae
Lamprops sp.
Family Leuconiidae
Nippleucon hinumensis (Gamo, 1967)
Family Nannastacidae
Cumella vulgaris (Hart, 1930)
Order Tanaidacea
Family Paratanaidae
Leptochelia dubia
Family Tanaidae
Sinelobus stanfordi
Order Isopoda
Suborder Asellota
Munna ubiquita Menzies, 1952
Suborder Epicaridea
Cryptoniscid larva
Order Amphipoda
Superfamily Gammaroidea
Family Anisogammaridae
Eogammarus sp.
Superfamily Corophioidea
Family Corophiidae
Corophium sp.




Superfamily Leucothoidea
Family Pleustidae
Thorlaksonius sp.
Suborder Caprellidea
Family Caprellidae
Caprella sp.

Caprella verrucosa (Boeck, 1872)
Order Decapoda

Infraorder Caridea
Family Hippolytidae
Heptacarpus sp.
Infraorder Anomura
Family Paguridae
Pagurus sp.
Infraorder Brachyura
Family Atelecyclidae
Telmessus cheiragonus (Tilesius, 1815)
Family Grapsidae

Hemigrapsus oregonensis (Dana, 1851)
Phylum Phoronida

Family Phoronidae
Phoronis sp.
Phylum Echinodermata
Class Ophiuroidea
Family Amphiuridae
Amphiodia occidentalis (Lyman, 1860)
Phylum Chordata
Subphylum Urochordata
Order Doliolida
Class Larvacea
QOikopleura dioica Fol, 1872
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Appendix IL. Organisms collected in epibenthic samples from three stations in the
Georgia Pacific Log Pond (SS-74, SS-75, SS-76) and from two reference stations in
Chuckanut Bay (CH-1, CH-2).

Annelida Station

CH-1 CH-2 SS-74 SS-75  8S-76
Armandia brevis 5 30 515 10 14
Capitella capitata 0 0 4 0 0
Cossura sp. 0 0 2 8 6
Eulalia sp. 2 0 0 0 5
Exogon lourei 3 17 3 0 0
Glycinde polygnatha 0 0 0 196 0
Harmothoe imbricata 14 26 2 9 31
Leitoscoloplos pugettensis 1 0 5 16 62
Nephtys longosetosa 0 0 0 0 6
Owenia fusiformis 352 420 0 16 387
Pherusa sp. 2 0 0 0 84
Pholoe sp. 16 13 4 8 87
Phyllodoce sp. 0 0 0 0 2
Platynereis bicanaliculata 8 3 0 0 5
Polydora sp. 7 7 2 0 12
Pygospio sp. 0 0 0 0 2
Unidentified oligochaete 6 19 35 8 14
Mollusca Station

CH-1 CH-2  SS-74 SS-75  SS-76
Alvania sp. 0 210 0 0 0
Clinocardium nuttallii 3 25 0 16 56
Gastropteron pacificum 0 0 2 0 3
Lacuna sp. 0 10 3 8 0
Macoma nasuta 173 409 3 44 194
Margarites sp. 4 92 0 0 5
Nassarius mendicus 0 8 0 8 0
Unidentified bivalve (Family Cardiidae) 165 129 16 93 77
Tellina bodegensis 0 0 0 5 0
Crustacea Station

CH-1 CH-2  SS-74 SS-75  S8S-76
Balanus glandula 0 13 9 0 0
Caprella sp. 2 0 0 0 0
Chironomidae 0 0 4 0 0
Corophium sp. 31 61 0 5 42
Cumella vulgaris 57 180 0 34 28
Ectinosoma melaniceps 305 609 75 48 1089
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Eogammarus sp. 16 8 2 12 26
Harpacticus sp. 963 1203 3545 802 1947
Hemigrapsus oregonensis 0 4 0 0 0
Heptacarpus sp. 9 18 0 0 0
Leptochelia dubia 8 19 0 0 0
Munna ubiquita 48 49 0 0 0
Nannopus palustris 29 65 592 0 36
Nebalia pugettensis 3 0 0 0 0
Nippleucon hinumensis 9 10 0 0 35
Orthopsyllus illigi 248 45 8 12 149
Podon leuckarti 69 47 203 64 76
Sinelobus stanfordi 0 0 4 0 0
Tisbe sp. 2809 4653 556 3045 6407
Unidentified callanoid copepod 296 532 94 294 72
Unidentified ostracod species 1 47 46 3 8 2
Unidentified cryptoniscid larva 0 4 0 0 0
Unidentified cyprid larva 48 50 64 40 169
Unidentified zoae larva 3 3 0 8 0
Miscellaneous Station

CH-1 CH-2  SS-74 SS-75  SS-76
Unidentified foraminiferans 33 73 87 457 2401
Unidentified nematodes 3225 2496 4381 2881 19276
Phoronis sp. (Phoronida) 0 3 0 0 0
Oikopleura dioica (Urochordata) 0 6 0 0 0




Appendix III. Organisms collected in ponar samples from three stations in the Georgia
Pacific Log Pond (SS-74, SS-75, SS-76) and from two reference stations in Chuckanut

Bay (CH-1, CH-2).

Annelida Station
CH-1 CH-2  SS-74  S§8S-75  S8S-76
Armandia brevis 10 10 40 10 0
Capitella capitata 0 2 0 0 0
Cossura sp. 0 0 0 10 3
Eulalia sp. 0 0 0 0 3
Exogon lourei 0 0 0 15 0
Glycinde polygnatha 0 1032 0 10 19
Harmothoe imbricata 0 0 0 10 3
Leitoscoloplos pugenttensis 0 8 130 0 3
Mediomastus sp. 20 2 0 10 0
Nephtys longosetosa 0 42 40 0 0
Owenia fusiformis 3046 2642 0 275 1040
Pectinaria sp. 0 0 0 0 3
Pholoe sp. 0 12 0 35 15
Phyllodoce sp. #7 10 14 20 5 6
Platynereis bicanaliculata 0 0 0 0 3
Prinospio jubata 0 6 0 0 0
Sphiophanes sp. 0 6 0 0 0
Unidentified oligochaete 18 12 40 0 0
Mollusca Station
CH-1 CH-2  SS-74  SS-75  SS-76
Clinocardium nuttalli 22 26 0 0 37
Gastropteron pacificum 0 1 0 0 0
Macoma nasuta 86 144 40 0 3
Tellina modesta 0 34 0 0 0
Alvania sp. 0 36 0 0 3
Margarites sp. 0 28 0 0 3
Unidentified bivalve (Family Cardiidae) 0 44 0 15 58
Lacuna sp. 0 36 0 20 28
Crustaceana Station
CH-1 CH-2  SS-74 S8S-75  S§§-76
Balanus glandula 60 16 20 85 9
Caprella verrucosa 2 0 0 0 0
Corophium sp. 0 6 0 15 0
Cumella vulgaris 0 60 0 0 15
Ectinosoma melaniceps 0 2 0 0 0




Euphilormedes carcharodonta 0 4 0 0 0
Harpacticus sp. 0 6 0 0 0
Hemigrapsus oregonensis 0 0 0 5 0
Heptacarpus sp. 30 28 0 0 0
Leptochelia dubia 0 10 0 0 0
Munna ubiquita 0 12 0 0 0
Nannopus palustris 0 0 0 5 0
Nippleucon hinumensis 0 4 0 0 19
Pagurus sp. 0 0 0 14 0
Sinelobus stanfordi 0 38 0 0 0
Telmessus cheiragonus 0 2 0 0 0
Thorlaksonius'sp. 0 6 0 0 0
Tisbe sp. 30 4 0 0 0
Unidentified callanoid copepod 20 0 0 0 0
Unidentified ostracod species 2 0 0 0 15 0
Unidentified cyprid larva 0 0 20 0 0
Miscellaneous Station

CH-1 CH-2  SS-74 SS-75  SS-76
Unidentified foraminiferans 24 28 40 55 0
Unidentified nematodes 1328 738 1210 615 1209
Amphiodia occidentalis (Enchinodermata) 0 4 0 0 0
Fish 0 0 0 0 3
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