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REMEDIAL INVESTIGATION 
PORT GAMBLE BAY 
PORT GAMBLE, WASHINGTON 

1.0 INTRODUCTION 

This report presents the results of the sediment remedial investigation (RI) 
performed for the Washington State Department of Ecology (Ecology) at Port 
Gamble Bay in Port Gamble, Washington (Figure 1).  Under the Ecology Toxics 
Cleanup Program’s Puget Sound Initiative, Port Gamble Bay is among seven 
original sites identified for focused sediment investigation to inform cleanup and 
restoration decisions, identify potential areas of sediment contamination, and 
confirm the priority areas for cleanup.  The RI was conducted to evaluate 
potential sediment impacts from wood waste associated with historical log 
rafting, transfer, and milling operations.  The investigation initially focused on the 
former log transfer facility (FLTF) and the former DNR lease area (FLA) located 
along the west side of the bay south of the former mill.  Based on historical 
photographs documenting the widespread extent of operations and evidence of 
more widely distributed wood waste, the investigation was expanded to a bay-
wide study.  Results presented are based on field and laboratory work 
completed for Ecology by Hart Crowser between November 2008 and April 
2009.  Additional characterization and monitoring of the former mill area is 
being performed as a joint, cooperative effort with Ecology, the Washington 
State Department of Natural Resources (DNR), and Pope Resources with 
additional actions being addressed separately and, therefore, not completed as 
part of the current RI. 

Specific tasks included: 

 Collecting information to support RI efforts for the Former Lease Area (FLA) 
and Former Log Transfer Facility (FLTF); 

 Evaluating potential environmental impacts and cleanup responses on a bay-
wide scale; 

 Evaluating potential environmental impacts and support cleanup responses 
on a bay-wide scale; 

 Collecting data to characterize sediment quality at the FLA and FLTF areas, 
and on a bay-wide scale; 

 Determining extent of wood waste in the FLA and FLTF areas and on a bay-
wide scale; 
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 Performing sediment chemical and bioassay testing to determine possible 
adverse affects to sediment and biota due to the presence of wood waste 
and other contaminants; and 

 Analyzing tissue samples collected by the Port Gamble S’Klallam Tribe as 
part of the current project. 

1.1 Remedial Investigation Approach 

Sediment investigation tasks for this RI included a variety of exploration and 
testing methods appropriate for the conditions and setting of Port Gamble Bay.  
As a general mapping tool, a Sediment Profile Image (SPI) and plan view 
photography survey of the entire bay were initially completed to identify the 
general distribution of wood waste in surface and near-surface (0 to 8 inches) 
sediments.  Using information from this survey, sediment cores were collected 
and visually examined at selected FLA, FLTF, and bay-wide locations for physical 
characterization purposes, and to determine the general extent and depth of 
visible wood waste and benthos.  Surface sediment grab samples were collected 
at selected locations for chemical and biological testing.  In addition, biota were 
collected with support from the Port Gamble S’Klallam Tribe for chemical 
analysis of tissues to determine the presence and concentrations of 
bioaccummulative chemicals.  Two sediment cores were submitted for 
radiometric dating to determine the rate of sediment deposition within the bay.  
Laboratory analytical data from sediment sample testing provide key information 
for evaluating sediment chemical properties, physical properties, and presence 
of wood waste.  Sampling and testing protocols are discussed further in the 
October 2008 Sampling and Analysis Plan (SAP) for the project (Hart Crowser 
2008a), as approved by Ecology. 

2.0 SITE SETTING AND HISTORY 

The following section highlights site setting and history elements, as adapted 
from discussion in the 2008 project SAP.  The SAP should be consulted for 
additional details regarding the various environmental assessments and wood 
waste surveys completed, and associated data gaps to be addressed as part of 
the current investigation. 

Port Gamble Bay is located in Kitsap County and encompasses more than 2 
square miles of subtidal and shallow intertidal habitat just south of the Strait of 
Juan de Fuca (Figure 1).  The FLA, leased from DNR by Pope & Talbot and used 
for in-water log storage, and the FLTF, where logs were transferred into the bay, 
are also shown on Figure 1.  The bay and surrounding area support diverse 
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aquatic and upland habitats, as well as resources for fishing, shellfish harvesting, 
and many other aquatic uses.  The area surrounding the bay remains rural in 
nature although the northwestern corner of the bay was the site of the former 
Pope & Talbot sawmill.  The Port Gamble S’Klallam Tribal Reservation is located 
east of the bay, with extensive use of the bay by the Tribe for shellfish harvesting, 
fishing, and other resources. 

2.1 Historical Summary 

Pope & Talbot operated the sawmill at the northwest shore of the bay from 
1853 to 1995, with log transfer and rafting activities occurring at various 
locations on the bay.  Based on historical photographs, it has been reported that 
a hog fuel burner was located on the upland area.  Pope & Talbot reportedly 
leased the 72-acre portion of the FLA (Figure 2) from 1970 to 2001 for 
temporary log storage and transfer purposes (Parametrix 2002).  Log rafting 
ceased in 1995 when the sawmill closed, and Pope & Talbot removed pilings 
from the lease area in 1996.  Log rafting and sawmill activities were not 
conducted at the FLTF and FLA after Pope & Talbot removed the pilings in 1996.  
The FLTF log sort yard and ramp reportedly operated from 1970 to 1995 and 
consisted of dock, pilings, and an access road (Parametrix 2003). 

Log rafting operations resulted in accumulations of wood waste on the bed of 
Port Gamble Bay near the sawmill.  In addition, wood accumulations were 
suspected at both the FLTF and FLA based on the historical use of these areas 
(Figure 2).  Temporary log storage and transfer within the 72-acre portion of the 
FLA and FLTF lease area were reported from 1970 to 2001 (Parametrix 2002); 
however, historical log rafting activities also occurred much earlier in this area 
based on review of aerial photographs. 

As a consultant to Pope & Talbot, Parametrix conducted a series of 
investigations in Port Gamble Bay from 1999 to 2004 to identify chemical and 
wood waste impacts from sawmill operations (Parametrix 2003).  In 2006, 
Anchor Environmental prepared a report compiling existing data for sediment in 
the vicinity of the former mill site and proposed a supplemental sediment 
investigation (Anchor 2006a).  While much of this supplemental investigation 
has been performed, results have not yet been published.  A Biological 
Evaluation (BE) was also prepared (Anchor 2006b) as part of a cooperative 
interim sediment cleanup action involving approximately 16,500 cubic yards of 
subtidal sediment, as discussed further below. 
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2.2 Previous Dredging Activities 

Historical dredging likely occurred episodically near the mill area to maintain 
navigational depth and access.  More recently, Pope and Talbot dredged 
approximately 13,500 cubic yards of sediment with abundant wood waste from 
nearshore areas adjacent to the former sawmill in 2003.  The 2003 dredging 
occurred over an elevation range of about –12 to –15 feet mean lower low 
water (MLLW) and was conducted to remove accumulated wood waste that 
reduced navigation access near shore. 

An additional Interim Remedial Action dredging was performed in 2007 in the 
area to the east of the 2003 dredging area.  Approximately 16,500 cubic yards 
of sediment with abundant wood waste were removed from nearshore areas 
adjacent to the former sawmill.  The 2007 dredging occurred over an elevation 
range of about –10 to –28 feet MLLW and was completed as a cooperative 
effort under MTCA by Ecology, DNR, Pope & Talbot, and Pope Resources (Hart 
Crowser 2008b). 

2.3 Extent of Wood Waste 

Much of the previous site investigation work was concentrated in the aquatic 
areas near the sawmill, with only limited delineation of wood waste elsewhere in 
other locations such as the FLTF and FLA.  Prior to the current investigation, the 
areal and vertical extent of wood waste were not well defined for the purposes 
of evaluating impacts and potential remediation measures.  In addition to the 
location, thickness, extent, and percentage by volume of wood waste, chemical 
and biological quality were only sparsely characterized beyond the aquatic areas 
near the mill.  Thus, the relative lack of information on the extent of wood waste 
in the FLA and FLTF and on a bay-wide scale represented a primary data gap to 
be addressed during the current project. 

3.0 SEDIMENT AND BIOTA SAMPLING 

Sediment sampling, collection, handling, and analysis were performed in general 
accordance with the 2008 project SAP.  Sampling and testing activities were 
conducted in general accordance with the protocols established in Ecology’s 
Sediment Management Standards (SMS; Chapter 173-204 WAC), and Puget 
Sound Estuary Program (PSEP 1997a, 1997b, and 1997c), as referenced in 
Ecology’s Sediment Sampling and Analysis Plan Appendix (SAPA; Ecology 2008).  
The samples collected were acceptable for chemical, physical, and bioassay 
analysis. 
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The number and type of samples collected are summarized in Table 1.  A 
summary of sediment samples and associated analyses are presented in Table 2.  
The sampling grid used for the Port Gamble Bay investigation is shown on Figure 
2.  The locations and type of samples collected from each area are presented on 
Figure 3. 

3.1 Deviations from the 2008 SAP 

Minor deviations from the SAP were made to adjust and optimize the number 
and type of samples collected to obtain the most usable results for the 
investigation.  SAP modifications were also made, as necessary, based on 
adaptations to the field conditions encountered, and to deal with minor 
equipment malfunctions.  Modifications to the tissue sampling program were 
also made following discussions between Ecology and Tribal representatives. 

Deviations from the Ecology-approved SAP for the Port Gamble investigation are 
summarized below and are discussed in more detail in the applicable report 
sections. 

 Based on field observations and consultation with the Ecology Project 
Manager, 17 additional SPI/plan view locations were added to the proposed 
grid transects to fill in nearshore data gaps.  The additional SPI locations 00A, 
14A, 21A, 21B, 29A, 38A, 46A, 47A, 55A, 55B, 62A, 62B, 69A, 69B, 77A, 
83A, and 101 are shown on Figures 2 and 3. 

 During the SPI/plan view investigation, 26 locations at the north area of the 
site and outside the mouth of the bay were not photographed by the plan 
view camera due to a camera malfunction that was not detected until after 
the film was developed.  At three locations, the images were obscured due 
to sediment suspension. 

 Based on field observations and consultation with Ecology, three additional 
vibracore sampling locations were added to fill in nearshore and bayward 
data gaps.  The additional vibracore sample locations 14A, 38A, and 62B are 
shown on Figure 3. 

 Based on field observations and consultation with Ecology, 10 additional 
surface sediment sample locations were added to fill in nearshore and 
bayward data gaps.  The additional surface sediment sample locations 14A, 
21A, 21B, 29A, 38A, 47A, 62A, 62B, 77A, and Geo 3 are shown on Figure 3. 

 Based on consultation with Ecology, only 38 vibracore samples (rather than 
the 50 proposed in the SAP) were collected.  Ten locations were cored in 
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the FLA, rather than the 15 proposed.  Cores were collected for visual 
examination to determine the presence, depth, and thickness of wood 
waste.  In addition to visual examination, one core (42) was submitted for 
conventional parameter analysis and two cores (22B and 51B) were 
submitted for radiometric age dating. 

 Vibracore recoveries for locations 14A, 29, 38A, 55, 71, 75, 77, and 82 were 
below the SAP criterion of 75 percent due to difficult coring conditions and 
crimping of the lexan core tubes.  Cores from these locations were still used 
to evaluate the presence of wood waste. 

 Vibracore sample location 4 was shifted 108 meters to the east of the 
proposed location due to heavy winds and rough water conditions, which 
prevented sampling at the originally proposed location. 

 Vibracore sample locations 77 and 82 were shifted 30 to 50 meters bayward 
due to shallow water adjacent to the shoreline, which prevented sampling at 
the originally proposed locations. 

 A Young grab was used for surface sediment collection rather than a Van 
Veen sampler.  Due to soft sediment in the southern half of the bay, 83 
percent of the surface sediment grab samples overpenetrated even after 
removing all the weights from the sampler.  Two additional (52 rather than 
the 50 proposed in the SAP) surface sediment samples were collected. 

 Based on conversations with Tribal representatives, Ecology suggested 
collecting littleneck clams, rather than cockles, in an e-mail dated December 
5, 2008. 

 Each biota sample was to be collected in triplicate and processed with one 
of the triplicate samples being analyzed and the other two archived for 
potential additional analysis.  However, due to the smaller number of 
organisms collected by the Tribe from fewer locations than originally 
planned, geoducks were the only organisms collected in sufficient numbers 
to allow archiving of two replicate samples.  The following changes were 
made: 

• Oysters were collected from only two locations rather than the three 
locations planned; therefore, only two oyster samples were analyzed.  
There was only sufficient sample volume to archive one replicate of each 
sample. 
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• Littleneck clams were collected from two locations rather than the one 
location planned and both samples were analyzed.  There was 
insufficient sample volume to archive replicate samples. 

• There were insufficient Dungeness crabs collected to archive replicate 
samples. 

 The Ecology onboard representative and Hart Crowser field staff performed 
wet sieving of 6 vibracore and 57 surface sediment samples using 0.5 mm 
and/or 1.0 mm sieves of the top foot of sediment.  Wet sieving was done to 
determine whether wood waste that was too small to be observed in the 
bulk sample sediment, was present in the surface sediment. 

3.2 Sample Location Control 

A differential global positioning system (DGPS) was used aboard the sampling 
vessel for location positioning for SPI, vibracore, and surface sediment grab 
sampling.  The DGPS receiver was placed on the sampling device deployment 
boom to accurately record the sampling location position.  Once the SPI unit or 
sampler was deployed, the actual position was recorded when the sampler was 
on the bottom and the deployment cable was in a vertical position.  State Plane 
(Northing and Easting) coordinates for the proposed and actual photographic 
and sampling locations are presented in Table A-1 in Appendix A.  The 
R/V Kittiwake operated by Bio-Marine Enterprises under subcontract to Hart 
Crowser, was the sampling vessel for the SPI/plan view, vibracore, and surface 
sediment grab sample activities. 

3.3 SPI/Plan View Images 

Sediment profile images (SPI) were collected from 120 subtidal locations in Port 
Gamble Bay and outside the mouth of the bay (Figure 3) by Science 
Applications International Corporation (SAIC) of Bothell, Washington, under 
subcontract to Hart Crowser.  Plan view (surface) photographs were collected at 
the majority of the locations.  Samples were collected along multiple transects.  
Several locations were added to the original proposed locations along the shore 
of the bay to better delineate transitional areas and boundaries of potentially 
impacted sediments. 

Three SPI images up to 20 cm (~8 inches) depth were collected at each location.  
Plan view images of the surface (20 by 30 cm area) were attempted at each 
location.  Both SPI and plan view images were evaluated for the presence of 
wood waste and benthic organisms. 
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Thirty-five locations were in the FLA and FLTF (29 percent).  The SPI report and 
SPI data are provided in Appendix D. 

3.4 Sediment Core Sampling 

Thirty-eight sediment cores were collected from subtidal locations within Port 
Gamble Bay (Figure 3).  Twenty core locations were selected based on SPI 
image interpretation (six within the FLA/FLTF).  Eighteen additional core 
locations were selected during the sampling event (four within the FLA/FLTF).  A 
total of ten cores were collected in the FLA and FLTF since, based on historical 
log rafting practices, that was the area of primary concern. 

Sediment core samples were collected using a vibracore sampling device.  The 
vibracore device uses a vibration source to drive a core tube or sample barrel 
into unconsolidated water-saturated sediments.  The core tube was constructed 
of rigid, clear; 4-inch-diameter Lexan (polycarbonate) in which the sediment 
sample is recovered.  A Lexan core catcher attached to the end of the barrel was 
used to hold the undisturbed sediment inside the barrel when withdrawn from 
the seafloor sediments. 

During sampling, a core tube was driven below the sediment surface with the 
vibracore device until the desired penetration was achieved.  Sediment cores 
were collected to a depth of up to 8 feet below the sediment-water interface.  
Upon retrieval of the core, the acceptability was assessed relative to the criteria 
established in the SAP. 

After sample collection, the outer core tube was cleaned and visually examined.  
Sediments from the cores were extruded on the vessel.  Each core was visually 
examined in general accordance with ASTM D 2488, Standard Practice for the 
Classification of Soils (Visual-Manual Procedure).  Each core was photographed 
and visual observations and soil descriptions were documented on core logs 
presented in Appendix A.  Selected, representative photographs are presented in 
Appendix F. 

Two sediment core samples, 22B and 51B, were selected for radiometric dating.  
Radiometric dating sediment core samples were sectioned into two 4-foot sub-
sections, capped and placed on ice for transport.  The cores were submitted for 
analysis to Battelle Marine Sciences Laboratory (Battelle), of Sequim, 
Washington. 

One sediment core (42) was selected for chemical analysis.  Four sub-samples (0 
to 0.5 foot, 1.5 to 2 foot, 3.5 to 4 foot, and 6.5 to 7 foot) were individually 
homogenized, placed in designated containers, and submitted to Analytical 
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Resources, Inc. (ARI) of Tukwila, Washington, for analysis of grain size and 
conventional parameters. 

3.5 Surface Sediment Grab Sampling 

Fifty surface sediment grab samples were collected from subtidal locations 
within Port Gamble Bay and two sediment grab samples were collected outside 
Port Gamble Bay (Figure 3).  Thirty-three sediment grab locations were 
collocated with core locations (nine within the FLA/FLTF).  Three sediment grab 
samples (locations 73, 80, and GEO3) were collected at the same location as 
organisms collected for tissue analysis.  Two sediment grab samples (22B and 
51B) were collocated with the radiometric dating cores.  Eighteen of the 
sediment grab sample locations were in the FLA and FLTF. 

Surface sediment grab samples were collected using a 0.7 square meters (m2) 
Young grab sampler.  Samples from each surface grab location were collected 
from the 0- to 10-cm-depth interval and homogenized and submitted for 
chemical and bioassay laboratory testing.  If necessary, multiple grabs were 
collected to provide sufficient sediment volume for chemistry and bioassays.  
Descriptions for surface sediment grab samples are presented in Table A-2 in 
Appendix A.  The Young grab sampler was decontaminated between sampling 
locations following the procedure in the SAP. 

Upon retrieval of the surface sediment grab samples, the acceptability of each 
grab was assessed relative to the criteria established in the SAP.  At the first 
location (PGSS-8), the initial grab overpenetrated and was rejected.  After 
removing the weights from the Young grab sampler, a second grab was 
attempted, which overpenetrated and was rejected.  A third grab attempt was 
made, which also overpenetrated, due to the soft substrate.  As no more weights 
could be removed from the sampler, and the other sampler available was 
heavier, the on-board Ecology representative decided to accept the grab sample.  
Most grab samples collected during the bay-wide sampling event overpenetrated 
(83 percent) due to the soft sediment substrate in the southern half of the bay. 

Wet sieving was performed in the field for surface sediment grab samples using 
a 63-micron (No. 230) sieve and a graduated cylinder to estimate the fine and 
coarse fraction of the sediments following PSEP protocols.  Wet sieving was 
completed to obtain similar grain size distribution between Port Gamble Bay 
sediment samples and Carr Inlet reference sediment samples for bioassay 
testing. 

Three Carr Inlet reference samples were collected by Bio-Marine Enterprises 
using a 0.1m2 double Van Veen grab sampler after Port Gamble Bay sediment 
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sampling was completed.  Carr Inlet reference sample coordinates and 
descriptions are presented in Table A-2, in Appendix A. 

Sediment from the fifty-two surface sediment grab samples and three reference 
surface sediment grab samples were submitted to ARI for chemical analysis.  
Sediment from thirty-two surface sediment grab samples and three reference 
sediment grab samples were submitted to Northwest Aquatic Sciences, Inc., in 
Newport, Oregon, for bioassay toxicity testing. 

3.6 Sieve Samples to Evaluate Presence of Wood Material 

The Ecology field representative and Hart Crowser field staff performed sieving 
on sub-samples from 6 cores and 51 surface sediment samples (Table 2) using 
0.5 mm and/or 1.0 mm sieves to determine whether wood waste, which was 
too small to be otherwise observed in bulk sediment, was present. 

Eight- to 16-ounce jars of homogenized sediment were washed through 0.5-mm 
or 1-mm sieves and the amount of fine wood was visually estimated.  
Macrofauna and large polychaete tubes were removed from the sieve samples 
to facilitate more accurate estimate of wood waste volumes.  The sieved samples 
were stored in ziplock bags and transported to ARI for archiving.  The sieved 
samples were subsequently weighed, transferred to glass jars, and preserved 
with isopropyl alcohol.  The preserved samples were then shipped to Ecology for 
additional microscopic examination. 

3.7 Biota Sampling 

Biota sample locations were selected based on known areas where the Port 
Gamble S’Klallam Tribe collects shellfish for consumption and sale (Figure 3).  
Biota samples were collected by the Port Gamble S’Klallam Tribe Natural 
Resources Department using divers, traps, and hand collection.  Proposed 
sample coordinates were provided to the Tribe, and actual sample collection 
coordinates are listed in Table A-1 in Appendix A.  The following organisms were 
collected: 

 Geoducks (35 total) were collected at three subtidal sample locations near 
locations 73 and 80 (Geoduck 1 and 2, respectively), and location Geoduck 
3. 

 A crab trap was placed overnight to collect Dungeness crabs (8 collected) 
near location 80. 
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 Oysters (45 total) and Littleneck Clams (60 total) were hand collected from 
intertidal sample locations near locations 76 and 87. 

No biota tissue samples were collected within the FLA/FLTF.  After collection by 
the Tribe, biota samples were transferred to Hart Crowser and transported live 
to ARI for tissue processing following chain of custody protocols detailed in the 
SAP. 

4.0 SEDIMENT AND BIOTA TESTING AND ANALYSIS 

4.1 Sediment Chemical Analysis 

Sediment samples and associated analyses are summarized in Table 2.  Samples 
for chemical analysis were selected in consultation with the Ecology project 
manager based upon evaluation of the SPI and core samples and locations 
relative to the FLA and FLTF.  Samples were submitted to ARI for analysis of 
conventional parameters and SMS chemicals.  Analysis for conventional 
chemicals and resin acids were conducted on 52 sediment samples.  Chemical 
analysis of semivolatile organic compounds (SVOCs), polychlorinated biphenyls 
(PCBs), and SMS metals were conducted on 40 samples.  Grain size analysis 
were performed on 32 sediment samples.  Analysis for conventional chemicals 
and grain size were performed on three reference sediment samples.  No field 
duplicates or equipment rinse blanks were collected for analysis. 

Selected samples were analyzed for one or more of the following: 

 SMS metals (arsenic, cadmium, chromium, copper, lead, silver, and zinc) by 
EPA Method 6010B, and mercury by EPA Method 7471A; 

 SVOCs including retene and guaiacol by EPA Method 8270D; 

 Resin acids and fatty acids associated with wood by EPA Method 8270D; 

 PCBs by EPA Method 8082. 

 Conventional parameters including: 

• Grain size; 
• Total organic carbon (TOC) following Plumb, 1981; 
• Ammonia by EPA Method 350.1 modified; 
• Sulfide by EPA method 376.2; 
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• Total volatile solids (TVS) by EPA Method 160.4; and 
• Total solids and total preserved solids by EPA Method 160.3 modified. 

 Dioxin/furan analysis was subcontracted to SGS Environmental Services, Inc. 
(SGS), in Wilmington, North Carolina, for analysis by EPA Method 1613. 

Analytical results are discussed in Section 6.  Sample analyses are summarized in 
Tables 3 through 8 for both organic carbon-normalized and dry weight results.  
Organic carbon-normalized results for non-ionizable SVOCs and PCBs were 
compared to SMS criteria as an overall evaluation of sediment quality at each of 
the selected sampling locations.  The dry-weight normalized results were also 
compared to the dry weight equivalents of the SMS, sediment quality standard 
(SQS), and cleanup screening level (CSL) (i.e., Lowest Apparent Effects Threshold 
(LAET) and Second Lowest Apparent Effects Threshold (2LAET), respectively). 

4.2 Radiometric Dating 

Radiometric dating was performed to determine sedimentation rates within the 
bay.  Sedimentation rates were used to estimate the amount of deposition since 
mill operations began and to evaluate whether natural recovery is a viable 
restoration alternative.  Analysis was performed by Battelle Marine Sciences 
Laboratory of Sequim, Washington.  Cores were sub-sectioned into 80 2-cm-
thick sections and selected samples were analyzed for Lead-210 and 
Cesium-137. 

4.2.1 Lead-210 Dating 

Lead-210, produced by radioactive decay of radon, falls to earth with dust and 
rain and adsorbs to sediment particles.  The half-life for lead-210 is 22.3 years, 
allowing dating of approximately the last 100 to 150 years.  When applying the 
lead-210 technique, it is assumed that sediments are receiving a constant input 
of lead-210 from the atmosphere.  Based on its half-life, lead-210 that was 
incorporated into the sediments 22.3 years ago will be only one half as 
radioactive as when initially deposited.  This logic can be extended to calculate 
the age of sediments at other depths in the sediment column and/or the rate of 
sediment accumulation. 

If the logarithm of excess polonium-210 activity above background is plotted as 
a function of accumulated dry weight of sediment, the line through the data 
should be a straight line with: 

slope = – (lead-210 decay constant)/(dry mass sediment accumulation rate) 
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where the mass sediment accumulation rate is in units of grams/cm2-year. 

The sedimentation rate for any given depth interval is calculated by dividing the 
mass accumulation rate by the sediment dry density.  In general, the calculated 
apparent sedimentation rate decreases with depth because the deeper, 
consolidated sediments have higher density than surface sediment. 

4.2.2 Cesium-137 Dating 

The Cesiums-137 data are generally interpreted on the basis of the 1959 and 
1963 major input peaks of the isotope due to the start and maximum of 
atmospheric thermonuclear testing.  Cesium results give a “point-in-time” date 
and are used to corroborate the lead-210 results, i.e., the sediment depth interval 
exhibiting Cesium-137 activity should correspond to a lead-210 derived date 
between approximately 1952 and 1965. 

4.3 Biota Tissue Testing 

Three geoduck samples, two oyster samples, two clam samples, and one crab 
sample (muscle tissue and hepatopancreas analyzed separately) were analyzed 
for percent lipids, metals, PCBs, and dioxins/furans to determine chemical 
concentrations in shellfish harvested for Tribal consumption and commercial 
sale. 

Tissue processing for biota samples was performed at ARI.  Two clam samples of 
30 clams apiece were shucked and homogenized.  The eight crabs were shelled, 
and the meat and hepatopancreas were separately homogenized for chemical 
analysis.  Two oyster samples and two replicates (archive samples) of fifteen 
oysters each were shucked and homogenized. 

Three geoduck samples and two replicates of each sample (three geoducks 
each) were shelled and homogenized.  The skins on the necks of the geoducks 
were removed and archived.  The gut ball was included in the meat composite. 

Following discussions with Ecology with input from the Port Gamble S’Klallam 
Tribe, the preparation and homogenization steps described above were 
intended to provide the most representative tissue for testing purposes. 

4.4 Bioassay Toxicity Testing 

Ecology has not proposed specific numerical criteria for wood or wood indicator 
surrogates (such as TOC or TVS) above which cleanup would be required.  
Rather, sediment impacts due to wood waste and wood degradation products 



   
Page 14  Hart Crowser 
  17330-14  February 11, 2011 

are assessed through biological testing procedures listed in the SMS.  Therefore, 
sediment toxicity testing was an important component of the RI to characterize 
the extent of wood waste impacts. 

Microtox 100 percent pore water testing was initially performed on a wider 
distribution of 52 stations and three reference stations in order to assess its utility 
as a screening tool for wood waste sites.  A full suite of bioassay toxicity testing 
was performed on 32 surface sediment samples and three reference samples.  
Both chronic and acute bioassay tests were performed as described in the SAP.  
The acute tests conducted included the 10-day amphipod survival test using 
Eohaustorius estuarius and the larval development test using Mytilus 
galloprovincialis.  The chronic tests included the 20-day polychaete survival and 
growth test using Neanthes arenaceodentata  and the Microtox 100 percent 
pore water luminescence test using Vibrio fisheri.  The bioassay samples were 
submitted to Northwestern Aquatic Sciences of Newport, Oregon, for analysis, 
except for Microtox testing which was conducted by Nautilus Environmental of 
Tacoma, Washington. 

Reference samples were collected from Carr Inlet for statistical comparison of 
test results.  Biological endpoint data for each test were compared against those 
in the reference and control sediment.  Data interpretation was conducted 
based on guidelines in Ecology’s SAPA (Ecology 2008).  These criteria are based 
on both statistical significance (a statistical comparison) and the degree of 
biological response (a numerical comparison).  The SMS criteria are derived from 
Chapter 173-204 WAC and the Ecology SAPA.  Two numerical comparisons are 
made under SMS based on the sediment quality standard (SQS) and the cleanup 
screening level (CSL) criteria. 

5.0 SEDIMENT PHYSICAL CHARACTERISTICS AND OBSERVATIONS 

Surface sediment samples and sediment cores were photographed and visual 
observations and soil descriptions were documented on core logs presented in 
Appendix A.  The reference sample description was determined from the 
bioassay containers received prior to submittal to the testing laboratory.  Visual 
sample descriptions of surface sediment grabs are presented in Table A-2 in 
Appendix A. 

5.1 Grain Size 

The bay-wide distribution of sediment grain size ranged from very soft, clayey 
Silt in low energy areas to very dense, coarse Sand in high energy areas of the 
bay near the Port Gamble Bay entrance.  Bay-wide distribution of sediment grain 
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size was based on all available data including SPI images, surface sediment grab 
samples, and vibracores.  Bay-wide grain size distribution is presented on Figure 
4.  The grain size distribution reported in Table 9 is subsequently reported as an 
apparent grain size.  Laboratory certificates of analysis are presented in 
Appendix B. 

In the southern and central portion of the bay, sediments generally consisted of 
very soft, clayey Silt (85 to 95 percent fines), indicating a low energy 
depositional environment.  Sediments near the shoreline along the edges of the 
bay consisted of silty Sand to sandy Silt in the shallow subtidal zones and 
transitioned to slightly silty Sand to fine Sand in the intertidal zones, indicating 
higher energy due to current and wave activity.  Sediments near and within the 
northern bay entrance contained a higher proportion of coarse Sand or Gravel, 
reflecting the presence of strong tidal currents. 

This grain size distribution may explain why the preferred geoduck habitat lies in 
the northern portion of the bay.  Geoducks are typically associated with habitat 
types characterized by fine Sand to silty, fine Sand sediments (Dethier 2006; U.S. 
Fish and Wildlife 1989).  Hart Crowser surveys from other marine projects have 
shown that organism densities tend to decrease rapidly as sediment trends 
toward clay and silt.  Tidal flushing may also be a contributing factor, but general 
experience is that geoduck occurrence is most commonly correlated with 
substrate type. 

The laboratory also noted that 13 samples contained shells or shell hash, and/or 
organic matter or wood waste (PGSS-16, PGSS-21B, PGSS-29A, PGSS-38A, 
PGSS-39, PGSS-47, PGSS-51, PGSS-53, PGSS-56, PGSS-62, PGSS-73, PGSS-75, 
and PGSS-92).  The shells or shell hash and/or organic material or wood waste 
were not removed prior to the grain size analysis. 

5.2 Apparent Redox Potential Discontinuity 

The apparent redox potential discontinuity (RPD) depth estimates the depth of 
oxygenation in the upper sediment column and generally reflects the degree of 
biogenic sediment mixing.  As interpreted by SPI images, the distribution of 
mean apparent RPD depths in Port Gamble Bay ranged from 0.0 cm at station 
PG88, near the former mill site, to a high of 5.53 cm at station PG19, in the fine-
grained southern portion of the bay (Figure 16).  The mean apparent RPD depth 
for Port Gamble Bay was 2.77 cm.  Relatively shallow apparent RPD depths (less 
than 2.0 cm) were generally measured in areas close to shore.  At station 88 
near the former mill site, SPI images show the accumulation of wood chips on 
the sediment surface (see Appendix D, Figure 10).  The deepest RPD depths 
(about 3 to 5 cm) were measured in fine-grained sediments present in the 
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southern portion of the bay (see Appendix D).  At nine locations in the southern 
bay, the apparent RPD depth could not be measured due to overpenetration by 
the camera prism.  However, apparent RPD depths at these locations are likely 
similar to surrounding RPD measurements. 

5.3 Radiometric Dating Results 

Dating sediment cores makes use of radioisotopes lead-210 and Cesium-137.  
Lead-210 is formed by the decay of gaseous radon-222 and has a half-life of 22.3 
years.  Binding strongly to sediment, sedimentation dates are determined by the 
decrease in lead-210 activity.  Cesium-137 owes its presences in the atmosphere 
to anthropogenic thermonuclear activities.  Cesium-137 deposition began 
around 1952 and peaked around 1963–1964.  The sediment depth interval 
exhibiting cesium-137 activity should correspond to a lead-210 derived date 
between approximately 1952 and 1965. 

Two sediment cores (locations 22 and 51) were submitted to Battelle for 
radiometric dating.  Figure 5 presents calculated year versus depth of sediment.  
Based on Lead-210 dating results at both core locations 22 and 51, a sediment 
depth of approximately 50 to 55 cm (1.6 to 1.8 feet) would correspond to the 
year 1853, when sawmill operations started.  Wood waste identified shallower 
than this depth, therefore, may be associated with historical mill operations and 
log rafting activities. 

Lead-210 dating at location 22, toward the shore in the FLA, indicates an overall 
sediment accumulation rate of 0.21g/cm2-year calculated.  Sediment 
accumulation rates cannot be calculated for shallower, more recent sediment 
due to surface mixing or from deeper, older sediment due to constant 
radioactivity levels from migration of radon from the earth.  This accumulation 
rate corresponds to a sedimentation rate of 0.22 to 0.26 cm/year in sediment 
deeper than 60 cm and 0.43 to 0.48 cm/year in shallow (0 to 10 cm) sediment.  
This decrease in apparent sedimentation with depth is due to consolidation and 
increased density of deeper sediments.  The mixed layer at core location 22, as 
deduced from the Lead-210 data, appears to be from 0 to 14 cm depth.  Lead-
210 derived dates corresponding to the Cesium-137 maximum peak ranged 
from 1947 to 1960.  Assuming that sediment mixing or diffusion of cesium 
occurred, the dates estimated from cesium analysis demonstrate reasonable 
agreement with the Lead-210 results. 

For location 51, located in the center of Port Gamble Bay, the results of Lead-
210 dating indicate a sedimentation rate of 0.28g/cm2-year.  This accumulation 
rate corresponds to a sedimentation rate of 0.31 to 0.33 cm/year in sediment 
deeper than 30 cm and 0.40 to 0.44 cm/year in shallow (0 to 10 cm) sediment.  
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There was no apparent mixed layer in this core.  Lead-210 derived dates 
corresponding to the Cesium-137 maximum peak ranged from 1955 to the 
present. 

The radiometric dating report and supporting data are presented in Appendix E. 

5.4 Distribution and Estimated Percentage of Wood Waste 

SPI images, surface sediment grab samples, sediment core samples, and Ecology 
wet sieve samples from each location within the Port Gamble grid were 
observed for the presence of wood waste.  Identification of wood waste was 
based on visual interpretation of SPI photographs and field interpretations and is 
subjective.  For purposes of this report, wood waste included bark, wood chips, 
wood particles, as well as terrestrial wood debris (i.e., twigs and pine cones).  
The bay-wide distribution of wood waste is presented on Figures 6 and 7 and 
the estimated percentage of wood waste for sediment samples are summarized 
in Table 3.  Figure 6 presents near-surface wood waste distribution based on SPI 
and plan view image analysis, and Figure 7 presents combined near-surface and 
subsurface distribution based on SPI, plan view analysis, vibracores, and surface 
sediment samples. 

Surface sediment grab samples and sediment core samples were evaluated in 
the field for the presence of wood waste.  A summary of the surface sediment 
grab samples are provided in Table A-2, and sediment core sample bore logs are 
presented in Appendix A.  While wood waste was widely distributed, less than 5 
percent by volume was estimated at most locations (Table 3).  Greater amounts 
of bark material (visual estimates of up to about 50 percent) were generally 
observed at the base of the slope around the FLTF and FLA areas where 
historical log rafting and transfer occurred. 

Ecology and Hart Crowser field representatives also performed wet sieving on 
samples from the upper 10 cm of sediment from 51 surface sediment samples 
and 6 sediment core samples using 0.5 mm and/or 1.0 mm sieves to determine 
whether wood waste that was too small to be observed in bulk sediment, was 
present.  Sub-samples from the upper 10 cm of sediment contained 
approximately 5 percent by volume fine wood and wood fragments that were 
not otherwise visually obvious in the bulk sediment. 

Wood waste was identified in: 

 Either the plan view or SPI images in 28 of the 120 subtidal locations 
(approximately 23 percent); 
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 Eight of the 52 subtidal surface sediment sample locations (approximately 15 
percent); 

 Thirty of the 38 subtidal sediment core samples (approximately 79 percent); 
and 

 All of the (51 of 51) wet sieve surface sediment samples and six of the six 
wet sieve sediment core samples (100 percent of samples contained fine 
wood material). 

Wood waste was observed with the highest accumulations (15 to 50 percent 
cover) near the former sawmill operations at the mouth of the bay and near the 
shore within the FLA/FLTF.  In many cases, these relatively high accumulations 
consisted of a single piece of wood.  In contrast, wood waste was observed with 
trace accumulations (1 to 7 percent) in the northern and central portions of the 
bay. 

A summary of the SPI observations and interpretation relative to the presence of 
near-surface wood waste is presented in SAIC’s SPI Survey Report in Appendix 
D and on Figure 6.  Identification of sawdust and wood chips in SPI images was 
based on visual interpretation of photographs and is subjective.  Wood waste 
was identified in either the plan view or SPI images in 28 of the 120 subtidal 
locations (approximately 23 percent).  SPI observations and interpretation of the 
presence of wood waste were further used to collocate surface sediment grab 
and sediment core sample locations. 

5.5 Distribution of Benthic Organisms 

Marine biological organisms, including macroalgae and invertebrates, were 
identified at most of the locations.  Marine animals, macroalgae, or burrows 
were identified at 89 percent of the locations, based on reviews of the SPI and 
plan view images, and sediment core and grab sample observations. 

Marine Organisms 

The majority of organisms were observed and identified in the sediment surface 
grab samples.  Small fish were present in four grab samples.  Sipunculids (peanut 
worms) were present at the bottom of three grab samples at approximately 1 
foot below mudline.  Other worms, including polychaetes, nemerteans, and 
worm tubes were identified in 37 grab samples.  Cnidarians, including sea whips, 
sea pens, and a sea anemone, were identified in four grab samples.  Arthropods, 
including shrimp, crabs, and barnacles were identified in twelve grab samples.  
Mollusks, including clams, a nudibranch, a limpet, and a piece of geoduck 
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siphon, were present in eight grab samples.  Shells, shell fragments, and shell 
hash were described in 32 grab samples.  Echinoderms, including a sea 
cucumber and brittle stars, were observed in two grab samples, while sand 
dollars were identified in photographic images.  Additionally, a tunicate (sea 
squirt) was caught on the Young grab sampler frame (Table A-2). 

The distribution of benthic organisms generally followed the bottom substrate 
types and grain size distribution in Port Gamble Bay.  Geoducks and other 
organisms favoring sandy bottom conditions were generally present in shoreline 
areas and the northern half of the bay.  Infaunal deposit-feeding organisms 
associated with fine-grained, unconsolidated soft bottom classifications were 
generally observed in the southern end of the bay. 

Infaunal transitional organisms, including shallow-dwelling bivalves or tube-
dwelling amphipods, were also observed in the middle portion of the bay, where 
transition from fine-grain unconsolidated sediments to more consolidated sandy 
sediment occurs.  Infaunal high energy organisms, including tubicolous and 
surface-dwelling polychaetes, were observed in the northern portion of the bay, 
where hard sandy consolidated sediment with higher bottom current energy are 
present.  Intact eelgrass beds were observed in locations north of the bay 
entrance and just south of the entrance along the eastern shore.  Additionally, 
sea pens and sea whips were observed in the northern reaches of Port Gamble 
Bay, where higher bottom currents are present. 

Benthic Habitat Type 

The benthic habitat classifications in Port Gamble Bay generally followed the 
grain size major mode distribution measured from SPI images (Appendix D).  
The highest number of locations consisted of a hard, fine sandy bottom.  
Medium sandy hard bottom and medium sandy hard bottom with gravel were 
observed at four percent and two percent of the locations, respectively.  The 
two stations with sandy hard bottom and gravel were located within the 
entrance channel to Port Gamble Bay.  Hard sandy bottom classifications were 
generally found in shoreline areas and the northern half of Port Gamble Bay.  
One location within the entrance channel to the bay (location 89) consists of a 
hard rock or gravel bottom.  Location 88, near the former mill site, did not have 
a benthic habitat classification due to the high accumulations of wood debris on 
the sediment surface. 

The second most predominant habitat classification (33 percent of locations) 
was an unconsolidated soft bottom with very soft silts/clays.  Silty 
unconsolidated soft bottom and sandy/silty unconsolidated soft bottom were 
also observed at 11 percent and 7 percent of the locations, respectively.  The 
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unconsolidated soft bottom classification was predominant in the southern 
reaches of Port Gamble Bay (see Appendix D). 

Several locations in Port Gamble Bay also exhibited the presence of eelgrass 
(Zostera sp.) and other macrofauna such as sea pens (Ptilosarcus gurneyi) and 
sea whips (order Pennatulacea).  Intact eelgrass beds were observed in locations 
north of the bay entrance (94, 97, 98, and 100), and just south of the entrance 
along the eastern shore (locations 82, 86, and 87), as noted in Appendix D, 
Figure 20.  Eelgrass detritus (i.e., decomposing eelgrass blades, loose strands) 
was observed at locations 54 and 88.  Sea pens and sea whips were observed at 
several locations in the northern portions of Port Gamble Bay.  These organisms 
are known to position themselves in the path of currents, in order to ensure a 
steady supply of food (e.g., plankton). 

Infaunal Successional Stage 

The majority of infaunal successional stages observed in SPI images collected in 
Port Gamble Bay were Stage I (65 percent).  Stage I infauna are typically the first 
organisms to colonize the sediment surface.  These opportunistic organisms may 
include small, tubicolous, surface-dwelling polychaetes. 

Stage III or Stage I on III comprised 31 percent) of SPI locations mainly 
associated with the more sandy substrate in the northern half of the bay 
(Appendix D).  Stage III is a high-order successional stage consisting of long-
lived, infaunal deposit-feeding organisms.  Stage III invertebrates may feed at 
depth in a head-down orientation and create distinctive feeding voids visible in 
SPI images.  Stage I taxa can persist in these areas, as they are opportunistic 
feeders, and are commonly associated with a Stage III community (Rhoads and 
Germano 1986). 

Infaunal successional stage was indeterminate at five locations (4 percent) due 
to camera prism overpenetration or the presence of abundant wood debris. 

In sandy substrates, such as the areas along the shoreline and the northern 
portion of Port Gamble Bay, the climax communities consisted primarily of 
surface dwellers (e.g., amphipods) that reside in the upper 1 cm of the sediment, 
as well as filter feeders including clams and geoducks not observed in the SPI 
images.  These community types are classified as Stage I communities and are 
reflective of an area influenced by physical factors and the presence of a sandy 
substrate. 

A higher order successional stage would typically be assigned to a climax 
community in a depositional environment consisting of a silt/clay substrate, such 
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as areas in southern Port Gamble Bay.  Localized feeding of large, deep-
burrowing infauna (Stage III taxa) in these depositional environments result in 
distinctive excavations called feeding voids.  Location 18 provides a 
representative example of feeding voids visible in southern Port Gamble Bay 
(Appendix D). 

6.0 SEDIMENT CHEMICAL ANALYSIS RESULTS 

This section presents analytical results for sediment samples collected as part of 
the RI.  Results of the sediment chemical analysis of organic carbon-normalized 
data were compared to applicable SMS marine criteria, including SQS and CSL 
thresholds, as described in WAC 173-204-320 and WAC 173-204-520. 

The marine SQS and LAET numerical chemical concentration criteria define the 
degree of sediment quality that is expected to cause no adverse effects to 
biological resources in marine sediments.  At concentrations at or below the CSL 
or 2LAET, effects to biota are expected to be minor.  CSL and 2LAET represent 
the upper bound of the minor adverse effects and above these concentrations, 
effects are anticipated to be significant. 

6.1 Data Quality Review Summary 

Overall, the data quality objectives (DQOs), as set forth in the SAP, were 
achieved, and the data for this project are acceptable for use, as qualified.  
However, neoabietic acid non-detected results for 22 samples were rejected as a 
result of the QA/QC review.  Results for other chemicals associated with wood 
waste were acceptable so there is no significant impact to the data.  Results for 
several analytes were qualified as estimated concentrations based on minor 
exceedances of quality control criteria.  A detailed chemical data quality review 
and chemical laboratory certificates of analysis are presented in Appendix B. 

In some samples, reporting limits for chlorinated benzenes, hexachlorobutadiene 
butylbenzylphthalate, phenol and 2,4-dimethylphenol were above SQS and/or 
dry weight equivalent criteria.  When analytes were present, the laboratory 
reported estimated results to the method detection limit, which was below SQS 
and dry weight criteria for all analytes. 

6.2 Conventional Parameters 

Analytical results for sediment conventional parameters are presented in Tables 
4 and 8, and summarized below. 
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TOC 

Total organic carbon concentrations in surface sediment samples ranged from 
0.285 to 4.73 percent.  TOC values in the vibracore sample ranged from 2.81 
percent for the 0- to 0.5-foot-depth interval to 1.46 percent for the 6.5- to 7-foot-
depth interval.  The maximum TOC concentration (4.73 percent) was reported 
in surface sediment sample PGSS-29A, located in the northwest corner of the 
FLA. 

TVS 

Total volatile solids concentrations ranged from 0.78 to 12.68 percent in the 
samples.  As for TOC, the maximum TVS concentration was also reported in 
surface sediment sample PGSS-29A, located in the northwest corner of the FLA. 

Specific numerical criteria are not established for wood or wood indicator 
surrogates (such as TOC or TVS) above which cleanup would be required.  
Rather, wood waste and wood degradation products are commonly assessed 
through biological testing procedures listed in the SMS (see Section 7). 

Another indicator of the presence of organic loading such as wood waste and 
the overall “availability” of organic matter contained in sediment is the TVS/TOC 
ratio.  Typical, unimpacted marine sediment has a TVS/TOC ratio less than about 
2 based on discussion with Jack Word of NewFields Northwest (personal 
communication).  Conversely, ratios greater than 2 are often indicative of labile 
organic matter such as wood waste that is available for chemical or microbial 
breakdown.  This often results in anaerobic conditions and elevated 
concentrations of sulfides (Figure 8).  TVS/TOC ratios for Port Gamble Bay 
sediment samples are presented on Figure 9.  Samples containing the highest 
TVS/TOC ratio are located toward the middle of the bay adjacent to the FLTF 
and FLA. 

Sulfide 

Total sulfide concentrations in the sediment surface samples ranged from 1.19 to 
1,120 mg/kg with the highest concentration detected in surface sediment 
sample PGSS-40, located near the FLTF and FLA (Figure 10).  In core sample 
PGSC-42 near the center of the bay, total sulfide was highest in the 0- to 0.5-
foot-depth interval (82.9 mg/kg).  Elevated sulfide concentrations are indicative 
of organic-rich, anaerobic sediment and may be associated with low oxygen due 
to degradation of wood waste.  Samples containing the highest sulfide 
concentrations are located toward the central portion of the bay and within the 
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FLTF and FLA (Figure 10).  Sulfide is generally collocated with visual wood waste 
presence and locations with higher TVS/TOC ratios. 

Ammonia 

Ammonia concentrations in the sediment surface samples ranged from 2.35 to 
53.6 mg/kg with the highest concentration detected in surface sediment sample 
PGSS-16 near the eastern boundary of the FLA.  In the core samples, ammonia 
was highest in the 6.5- to 7-foot-depth interval (164 mg/kg).  Elevated ammonia 
concentrations are also indicative of organic-rich, anaerobic sediment and may 
be associated with low oxygen due to degradation of wood waste, even though 
wood itself contains very little nitrogen. 

Samples containing the highest ammonia concentrations are generally correlated 
with sulfide and collocated with visual wood waste presence and higher 
TVS/TOC (Figure 11). 

6.3 Fatty and Resin Acids 

Both fatty acids (oleic and linolenic) and resin acids (abietic acids, pimaric acids, 
and palustric acid) associated with wood waste were analyzed.  The distributions 
of total fatty and resin acids in sediment samples are shown on Figures 12 and 
13, respectively. 

Oleic acid was detected in every sample at concentrations ranging from 370 to 
8,400 ug/kg.  Linolenic acid was detected in 30 of 52 samples analyzed at 
concentrations ranging from 100 to 1,500 ug/kg.  Resin acids were detected in 
20 of 52 samples analyzed.  Total detected resin acid concentrations ranged 
from 110 to 4,880 ug/kg.  Higher concentrations of fatty acids and resin acids 
appeared to be somewhat correlated though fatty acids were more widely 
distributed throughout the bay.  Highest concentrations of oleic and linolenic 
acid were found in samples collected from the FLTF, immediately north of the 
FTLF, and east of the FTLF throughout the width of the bay to the opposite 
shore.  Highest concentrations of resin acids were found in the same locations. 

Oleic and linolenic acids also naturally occur in blue-green algae (Ikawa 2004) 
though typical concentrations ranges were not reported.  Douglas Fir also 
contains oleic and linolenic acid (Foster et al., 1980).  Reported fatty acid 
concentrations in Douglas Fir are approximately 100 mg/kg based on the 
analysis of the ether extractable fraction of wood with oleic acid comprising 20 
to 30 percent of the total and linolenic acid comprising 6 to 10 percent of the 
total fatty acids. 
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Resin acid concentrations in Douglas Fir are approximately 2,000 to 2,700 
mg/kg based on the analysis of the ether extractable fraction of wood with 
concentrations decreasing in the following order: 

isopimaric > palustric > abietic > neoabietic > dehydroabietic 

Palustic acid and isopimaric acid each constitute about 20 to 30 percent of the 
total resin acids in Douglas Fir. 

Based on the distribution of fatty and resin acids combined with SPI images and 
visual observations of sediment samples, resin acids appear to be a good 
indication of wood waste.  Fatty acids may reflect the presence of both wood 
waste and naturally occurring algae. 

6.4 Total Metals 

All metal concentrations were below applicable SQS screening criteria.  Samples 
with the highest metal concentrations were generally from the southern half of 
the bay and the higher metals concentrations may be associated with the fine-
grained silt and clay or ephemeral stream inputs present in this area. 

6.5 Semivolatile Organic Compounds 

Non-Polar Semivolatile Organic Compounds 

Except for five locations (PGSS-8, PGSS-29A, PGSS-30, PGSS-75, and PGSS-80), 
sample TOC concentrations were within the 0.5 to 3.5 percent range for organic 
carbon normalization of non-polar organics.  Sediment dry-weight analyte 
concentrations compared to AET values are presented in Table 5.  Sediment 
organic carbon normalized results compared to SMS criteria are presented in 
Table 6. 

None of the samples analyzed exceeded SMS organic carbon normalized 
criteria or AET dry-weight screening values for non-polar organic compounds.  
No phthalates or chlorinated benzenes were detected in any of the samples. 

Low concentrations of PAHs were detected in all but six samples analyzed.  In 
general, samples with highest concentrations of PAHs were along the western 
part of the bay.  PAHs are often associated with creosote, coal tar, petroleum, 
road runoff, and incomplete combustion of organic matter.  PAHs may be 
associated with treated pilings and structures along the shoreline or runoff from 
the highway along the western part of the bay. 
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Ionizable Semivolatile Organic Compounds 

Phenol was the most commonly detected ionizable SVOC found in 17 of 40 
samples analyzed (Figure 14).  Two samples within the FLA, PGSS-8 AND PGSS-
22, exceeded the SQS screening level of 420 mg/kg and one sample collected 
just east of the FLTF, PGSS-58, also exceeded the SQS criterion.  Most other 
phenol detections were in samples collected from the western edge of the bay 
between the FLTF and the former mill.  Distribution of phenol concentrations is 
presented on Figure 14.  Phenol is generally correlated with the presence of 
wood, high TVS/TOC ratio, sulfide, and ammonia.  Phenol is a product of wood 
degradation and is also a component of creosote and coal tar. 

In addition to phenol, 4-methylphenol was detected in three samples (PGSS-8, 
PGSS-51, PGSS-62A) at concentrations below SQS.  This compound is also often 
associated with wood waste as well as creosote and coal tar. 

6.6 Polychlorinated Biphenyls 

PCBs were detected in only two surface sediment samples at concentrations 
below the SQS screening criteria of 12 mg/kg OC.  Aroclor 1254 was found in 
sample PGSS-38A, located at the south end of the FLTF, at a relatively low 
concentration of 16 ug/kg (0.47 mg/kg OC).  Aroclor 1254 was also present in 
sample PGSS-44, located approximately 1,500 feet from the east shore along the 
same transect as PGSS-38A, at a low concentration of 4.3 ug/kg (0.16 mg/kg 
OC). 

6.7 Dioxins/Furans 

Analytical results for dioxins/furans expressed as 2,3,7,8-TCDD toxic equivalents 
(TEQs) are presented in Table 7 and on Figure 15.  TEQs were calculated using 
the World Health Organization (WHO) 2005 toxic equivalency factors (TEF) for 
mammals.  Total dioxin TEQs are reported using two conventions:  adding only 
detected congeners, and using 1/2 the detection limit for non-detected 
congeners.  The latter made a significant difference in reported totals since 
concentrations for many congeners were below detection limits (Table 7).  For 
the presentation of data on Figure 15, the values were calculated using 1/2 the 
detection limit for non-detected results. 

Dioxin/furan congeners were detected in all samples.  The total TEQ 
concentrations ranged from 0.344 to 2.48 ng/kg (parts per trillion), with a mean 
concentration of 1.06 ng/kg.  The highest concentration was in sample PGSS-92, 
located outside the mouth of the bay, within a vessel docking area (Figure 15).  
If the samples located outside the bay proper are excluded (PGSS-92 and PGSS-
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GEO-3), the total TEQ ranges from 0.344 to 1.812 ng/kg, with a mean 
concentration of 0.945 ng/kg.  The highest concentration within the bay, 1.812 
ng/kg, was in sample PGSS-8, located in the FLA.  Analytical results for 
dioxins/furans are presented in Table 7. 

Dioxin/furan concentrations do not have numerical criteria under SMS for 
marine sediments.  However, for comparative purposes, the detected TEQ 
concentrations are similar to Puget Sound background concentrations, as 
reported in EPA’s 2008 Puget Sound Background Study (EPA 2008b).  TEQ 
concentrations in the Puget Sound study ranged from 0.24 to 11.63 ng/kg with a 
lognormal mean of 1.35 and a median of 1.0 ng/kg.  The detected 
concentrations from Port Gamble Bay sediments are well within this background 
range. 

In addition, with the exception of locations PGSS-75 and PGSS-80 that had fewer 
dioxins detected, the relative congener ratios in sediment samples collected 
from Port Gamble Bay were similar to Puget Sound background concentrations 
in the DMMP study (Figure 16).  The Port Gamble Bay congener ratios are more 
variable than Puget Sound background due to the larger number of non-
detected results in Port Gamble Bay samples.  The octachlorodibenzodioxin 
(OCDD) relative ratio is excluded from Figure 16 because the OCDD congener 
is typically present at much higher concentrations than other congeners, 
regardless of dioxin source, and dominates the relative fraction. 

7.0 SEDIMENT TOXICITY TESTING RESULTS 

Sediment quality was evaluated based on biological criteria as established in the 
SMS, which serve to confirm the designation of sediment quality.  These criteria 
are based on both statistical significance (a statistical comparison) and the 
degree of biological response (a numerical comparison).  As for chemical 
parameters, the SMS establishes SQS (concentration at or below which no 
adverse effects are expected) and CSL (concentration at or below which no 
significant adverse effects are expected) criteria for evaluating sediment quality.  
The SQS is more stringent than the CSL and allows for less biological response in 
the test treatments. 

Bioassay pass/fail test results relative to SQS and CSL criteria are based on a 
comparison of responses observed in the test sediment compared to those in 
the reference sediment.  Reference and test sediment are matched based on 
sediment grain size with the difference between reference and test sediment 
percent fines being less than or equal to 20 percent.  Based on similarity in grain 
size, the following reference and test sediment comparisons were performed: 
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 Carr Inlet reference sediment CR20W (79.7 percent fines): test sediment 
locations 8, 15, 16, 18, 20, 22, 30, 31, 33, 35, 39, 40, 42, 44, 45, 51, 53, 54, 
and 58. 

 Carr Inlet reference sediment MSMP43 (6.4 percent fines): test sediment 
locations 47, 56, 62, 67, 73, 75, 77A, and 92. 

 Carr Inlet reference sediment CR23Mod (51.6 percent fines): test sediment 
locations 21B, 29A, 38A, 63, and 64. 

The acute tests conducted included the 10-day amphipod survival test using 
Eohaustorius estuarius, the larval development test using Mytilus 
galloprovincialis, and the Microtox 100 percent porewater luminescence test 
using Vibrio fisheri.  The chronic 20-day polychaete survival and growth test was 
conducted using Neanthes arenaceodentata.  The bioassay samples were 
submitted to Northwestern Aquatic Sciences of Newport, Oregon, for analysis, 
except for Microtox testing which was conducted by Nautilus Environmental of 
Tacoma, Washington.  Laboratory results and sediment bioassay summary are 
provided in Appendix C. 

7.1 Amphipod Test Results 

Under the SMS program, a test treatment fails SQS if the mean mortality is 
statistically significantly higher than that of the reference sediment, and the mean 
mortality in the test sediment is greater than 25 percent.  Tests fail the CSL if the 
test treatment mortality is both statistically significantly higher and 30 percent 
greater than the reference sediment. 

All 32 amphipod test results passed SQS criteria.  While 17 of the test samples 
had mortality significantly higher than the associated reference sediment 
samples, the percent difference between test and reference survival was less 
than the 25 percent threshold that would result in SQS failures.  Amphipod test 
results for each location are shown on Figure 17. 

7.2 Juvenile Polychaete Test Results 

The juvenile polychaete test is based on mean individual growth (MIG) rates.  A 
test fails SQS if the MIG is statistically different in the test sediment as compared 
to the reference, and the MIG in the test sediment is less than 70 percent of the 
reference.  The treatments fail CSL if MIG is statistically different from the 
reference sediment and is less than 50 percent of the reference. 
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All 32 polychaete test results passed SQS criteria when compared to reference 
sediment results.  While seven of the test samples had growth rates significantly 
lower than the associated reference sediment samples, the percent difference 
between test and reference growth did not exceed SQS criteria. 

The growth rate for reference sample CR 20W for laboratory test batch 780-2 
was only 71.2 percent of the control, less than the 80 percent performance 
criterion.  While SMS does not provide explicit guidance when reference 
samples fail performance criteria, associated samples were compared to control 
results, and 14 of the test samples had growth rates statistically lower than 
reference (or control) MIG rates.  Five of these samples (PGSS-18, PGSS-29A, 
PGSS-33, PGSS-39, and PGSS-40) had MIG rates less than 70 percent of control 
rate and, therefore, test results are considered SQS failures.  Polychaete test 
results based on this interpretation are shown on Figure 17.  If results are 
compared to reference sample CR23MOD (51.6 percent fines) rather than 
CR20W (79.7 percent fines), only sample PGSS-30 would fail the SQS criterion.   

7.3 Larval Test Results 

For the larval test, sediment fails SQS if the combined mortality and abnormality 
(CMA) of larvae in the test treatment is significantly different than that of the 
reference, and is less than 85 percent of the reference sediment.  Tests fail CSL if 
the CMA is significantly different than the reference sediment, and is less than 70 
percent of the reference sediment. 

When compared to reference sediment results, 22 samples had CMA 
significantly different than their associate reference samples and 16 of these 
samples failed the SQS criterion.  In addition, seven of these samples also failed 
the CSL criterion. 

The CMA for reference sample CR23MOD was 47.8 percent in laboratory batch 
780-3, greater than the Ecology QA/QC guidance of 35 percent.  Three test 
samples (PGSS-21B, PGSS-29A, and PGSS-38A) were associated with reference 
CR23MOD.  While SMS does not provide explicit guidance when reference 
samples fail performance criteria, results for these three test samples were 
compared to seawater controls and all three failed the CSL criterion.  Larval test 
results based on this interpretation are shown on Figure 17.  If test results are 
compared to CR20W (79.7 percent fines) rather than CR23MOD (51.6 percent 
fines), samples PGSS-21B and PGSS-38A still fail the CSL criterion while sample 
PGSS-29A only fails the SQS criterion. 

As presented on Figure 18, Mytilus failures are somewhat correlated with sulfide 
and the TVS/TOC ratio.  At TVS/TOC ratios greater than approximately 2.5 both 
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sulfide concentrations and mytilus failure rate increases.  A similar relationship is 
observed with ammonia concentration, TVS/TOC ratio and mytilus failure 
(Figure 19). 

7.4 Microtox Test Results 

Fifty-two sediment surface samples and three reference samples were submitted 
to Nautilus Environmental for Microtox analyses.  Six samples: PGSS-16, PGSS-
62B, PGSS-51, PGSS-58, PGSS-63, and PGSS-69 exceeded the SQS criteria of 
mean test sediment light output less than 80 percent of the reference and 
statistically different.  Microtox test results for each location are shown on Figure 
17. 

The laboratory noted that sample PGSS-16 had low salinity (9 parts per 
thousand) and turbidity greater than 100 NTU.  Due to the high turbidity, the 
transmission of light from the bacteria may have been inhibited, and the result 
may be an artifact of the testing, not an indication of toxicity.  This interpretation 
is supported by the observation that sample PGSS-16 passed the other bioassay 
tests. 

Reference sample CR23MOD did not meet the acceptability criteria relative to 
the control sample in Test Batches 10 and 11 and associated samples were 
subsequently compared to the control.  Only one sample, PGSS-63, failed the 
comparison to the control, so was designated an SQS level hit.  However, 
sample PGSS-63 passed the other bioassay tests. 

7.5 SMS Interpretation 

The SQS are exceeded if one of the sediment biological tests fail the specified 
criteria.  The CSL is exceeded if one test fails its CSL criteria or if two tests fail 
their SQS criteria.  Ten locations exceeded SQS criteria and 14 additional 
locations exceeded CSL criteria.  Toxicity test results are summarized in Table 10 
with interpretation related to SQS and CSL failures.  Overall test results are 
presented graphically on Figure 17. 

7.6 Evaluation of Factors Contributing to SMS Failures 

As discussed previously, the presence of wood waste can impact sediment 
quality by releasing toxic wood-associated chemicals not typically tested for as 
part of the SMS suite of analytes and by creating anaerobic conditions that can 
adversely affect benthic organisms.  In addition, the presence of wood waste can 
create a sediment substrate not conducive to colonization by a diverse array of 
benthic organisms. 
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Table 13 summarizes analytical results for conventional sediment parameters as 
well as neanthes and mytilus test results.  There appears to be a fairly strong 
general correlation between the TVS/TOC ratio and the larval and polychaete 
bioassay failures.  TVS/TOC ratios greater than approximately 2.4 have elevated 
concentrations of sulfide and ammonia compared to sediment with a TVS/TOC 
ratio of less than 2.4. 

Neanthes and/or mytilus bioassay failures were found in 13 of the 20 samples 
tested (65 percent) that had a TVS/TOC ratio greater than 2.4.  For the 11 
samples with a TVS/TOC ratio greater than 3.0 submitted for bioassay testing, 
Neanthes and/or mytilus bioassay failures were found in 9 samples (82 percent).  
In contrast, neanthes and/or mytilus tests failed in only 3 of 12 sediment samples 
tested that had a TVS/TOC ratio less than 2.4. 

A multivariate statistical method, principal components analysis (PCA), was 
performed to further evaluate factors that may contribute to sediment toxicity.  
PCA is a technique to combine variables in a dataset and create a new, reduced 
set of variables (factors) that are linear combinations of the original variables.  
PCA factor loading plots are used to evaluate correlations among variables and 
PCA factor score plots are used to evaluate similarities and differences among 
samples. 

The factor loading plot for Port Gamble data is shown on Figure 20.  Based on 
their proximity in space, neanthes and mytilus test failures appear to be 
correlated with the sediment TVS/TOC ratio, sulfide, ammonia, total resin acids, 
and percent fines.  There appears to be little or no correlation with percent 
solids. 

The PCA factor scores plot, coded to show toxicity test results, is presented on 
Figure 21.  Samples that plot closely to one another in the 3-dimensional plot 
have similar chemical and physical characteristics while samples that plot further 
apart have less similar characteristics.  Most of the samples that failed one or 
more of the bioassay tests are clustered together with “Factor 1” values greater 
than 0.5.  As shown on Figure 20, Factor 1 is influenced primarily by TVS/TOC 
ratio, sulfide, ammonia, and percent fines.  Associated sediment samples that 
tended to fail bioassay tests had the following similarities: 

 Higher TVS/TOC ratios; 
 Higher sulfide and ammonia concentrations; and 
 Higher percentage of fine grained material. 
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These factors are likely interrelated.  Wood waste would contribute to higher 
TVS while degradation of wood would create anaerobic conditions leading to 
formation of sulfide and ammonia in the sediment. 

Samples that generally passed toxicity tests tend to cluster in the area with 
Factor 1 scores less than 0.0 and have lower TVS/TOC ratios, lower 
concentrations of sulfide, ammonia, and resin acids, and contain more coarse 
grained material. 

8.0 TISSUE TESTING RESULTS  

The tissue samples collected by Port Gamble S’Klallam Tribal representatives 
were analyzed for percent lipids, total metals, dioxins/furans, and PCBs.  
Analytical results for chemistry in the biota samples are presented in Table 11.  
Analytical results for dioxins/furans in the biota samples are presented in Table 
12.  The sample locations listed below for tissue testing results are identified on 
Figure 2.  Analytical results for dioxins/furans expressed as 2,3,7,8-TCDD TEQs 
and were calculated using the WHO 2005 TEFs for mammals.  Non-detected 
results were assigned a concentration of both zero and one-half the laboratory 
reporting limit and TEQs are calculated using both conventions. 

8.1 Geoducks 

Nine geoducks were collected from each of three locations (Geoduck 1, 2, and 
3).  Geoducks were shucked and the neck skin was removed.  Three geoducks 
from each location were homogenized (including the gut ball) and submitted for 
analysis.  Remaining geoducks were homogenized and frozen, in the event that 
additional analysis was required. 

Lipids in the three geoduck samples ranged from 0.426 to 0.823 percent on a 
wet weight basis with an average of 0.577 percent.  For comparison, Sample 
Geoduck 3 collected from outside of Port Gamble Bay had both higher percent 
lipids and metals compared to the geoducks collected within the bay.  The lipid 
concentration in sample Geoduck 3 was approximately twice as high as those in 
samples Geoduck 1 and Geoduck 2.  Chromium, copper, mercury, and zinc 
concentrations in sample Geoduck 3, while still relatively low, were 
approximately twice as high as in geoducks collected from within the bay. 

Calculated tissue dioxin TEQ concentrations ranged from 0.00032 to 0.00077 
ng/kg when zero was substituted for non-detected compounds.  When one-half 
the quantification limit was substituted for non-detects, calculated TEQ 
concentrations ranged from 0.337 to 0.349 ng/kg. 
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For comparison, average and maximum dioxin TEQs in geoducks collected from 
Lower Elwha Klallam fishing grounds near Port Angeles were 0.027 and 0.034 
ng/kg respectively (1/2 DL substituted for non-detects) and, substituting 0 for 
non-detects, 0.019 and 0.023 ng/kg (ATSDR 2005).  Reference geoduck samples 
collected from Dungeness Bay and Freshwater Bay had dioxin TEQ 
concentrations of 0.071 and 0.041 ng/kg, respectively so when 1/2 DL was 
substituted for non-detects.  Results are not directly comparable because the 
gutball was not included in the Port Angeles samples but was homogenized as 
part of the Port Gamble geoduck samples.  In addition, detection limits may 
have been higher for Port Gamble samples resulting in higher TEQs when 1/2 
DL was substituted for non-detected analytes. 

PCB Aroclors were not detected in any of the geoduck tissue samples. 

8.2 Dungeness Crabs 

Eight adult male Dungeness crabs were collected to obtain sample Crab 1.  The 
muscle tissue and hepatopancreas were separated during tissue preparation.  
Muscle and hepatopancreas were homogenized and a composite of each was 
analyzed separately.  Unused tissue was frozen in the event that additional 
analysis was required. 

The lipid concentration was 0.208 percent in the muscle and 3.01 percent in the 
hepatopancreas. 

Metals 

Arsenic and zinc concentrations were higher in muscle tissue while copper and 
cadmium concentrations were higher in the hepatopancreas.  No lead was 
detected in either sample.  Other metal concentrations were comparable. 

PCBs 

No PCB Aroclors were detected in the muscle tissue.  Aroclor 1260 was 
reported in the hepatopancreas at an estimated concentration of 15 ug/kg. 

Muscle tissue results are comparable to those in samples collected from Fidalgo 
Bay (SAIC 2008a) where PCBs were also not detected in crab muscle tissue.  
Hepatopancreas PCB concentrations were higher in Fidalgo Bay samples.  
Aroclor 1260 was detected at 110 ug/kg in one crab hepatopancreas sample, 
and was not detected in five other hepatopancreas samples from Fidalgo Bay.  
However, laboratory detection limits were elevated compared to detection limits 
for Port Gamble samples. 
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PCBs were not detected in muscle tissue of crabs collected from Port Gardner 
(SAIC 2009).  Hepatopancreas concentrations in crabs collected from Port 
Gardner were higher than found in Port Gamble with concentrations ranging 
from 93 to 260 ug/kg of Aroclor 1254 and 1260. 

Dioxins 

The muscle dioxin TEQ concentration was 0.022 ng/kg when zero was 
substituted for non-detected compounds and 0.370 ng/kg when one-half the 
detection limit was used for non-detects. 

As expected, due to the higher lipid content, higher dioxin concentrations were 
detected in the hepatopancreas sample.  The TEQ concentration was 0.791 
ng/kg when zero was substituted for non-detected compounds and 0.940 ng/kg 
when one-half the detection limit was used for non-detects.  Crab 
hepatopancreas tissue has higher relative ratios of less chlorinated dioxins and 
furans (i.e., tetra- and hexachlorodibenzodioxins and  tetra-, penta-, and 
hexachlorodibenzofurans than those in sediment samples (Figure 16). 

In comparison to other sites in Puget Sound, the muscle tissue dioxin TEQ is 
higher than reported for Fidalgo Bay (0.0366 to 0.18 ng/kg) (SAIC 2008a).  
However, this may be an artifact of substituting one-half the laboratory detection 
limits for non-detected compounds.  The hepatopancreas TEQ is at the low 
range of concentrations found in samples from Fidalgo Bay (0.611 to 10.5 
ng/kg). 

The Port Gamble muscle tissue dioxin TEQ is also higher than reported for Port 
Gardner (0.0886 to 0.155 ng/kg) (SAIC 2009) though this may be an artifact of 
substituting one-half the laboratory detection limits for non-detected 
compounds.  Hepatopancreas TEQs in the Port Gamble crab sample are lower 
than concentrations found in samples from Port Gardner (3.48 to 4.38 ng/kg). 

Port Gamble crab tissue dioxin TEQs are comparable to those reported from 
reference areas in the Strait of Juan de Fuca.  Dungeness crabs collected from 
Dungeness Bay (PTI 1991) had a muscle tissue TEQ of 0.3 ng/kg while the 
hepatopancreas had a TEQ of 1.6 ng/kg).  Crab tissue dioxin TEQs are also 
comparable to two Dungeness crab samples collected from reference areas in 
Dungeness Bay and Freshwater Bay, which had dioxin TEQ concentrations of 
0.043 and 0.033 ng/kg in muscle tissue and  0.50 and 0.74 ng/kg in the 
hepatopancreas (1/2 DL for non-detects).  Substituting 0 for non-detects, 
Dungeness Bay and Freshwater Bay muscle tissue TEQs were 0.016 and 0.005 
ng/kg while hepatopancreas TEQs were 0.47 and 0.72 ng/kg (ATSDR 2005). 
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Whole-body dioxin TEQ concentrations in Dungeness crabs collected from 
Lower Elwha Tribe fishing grounds near Port Angeles averaged 0.18 ng/kg with a 
maximum of 0.32 ng/kg (ATSDR 2005). 

8.3 Oysters 

Thirty oysters were hand collected from each of two intertidal locations to obtain 
samples Oyster 1 and Oyster 2.  Fifteen of the oysters from each location were 
shucked, homogenized and submitted for analysis while the remaining oysters 
were shucked, homogenized, and frozen in the event that additional analysis 
was required. 

The lipid concentration was 1.97 percent in both samples. 

Metals 

While zinc concentrations (101 and 124 mg/kg) were higher than those in other 
biota samples, concentrations were in the range reported for oysters  from an 
early 20th century document (Hiltner 1919).  Other metal concentrations were 
low or non-detected. 

PCBs 

PCB Aroclors were not detected in either sample. 

Dioxins 

All dioxins detected in oyster tissue samples were below the practical 
quantitation limit.  Tissue dioxin TEQ concentrations were 0.000 and 0.038 
ng/kg when zero was substituted for non-detected compounds.  When one-half 
the detection limit was used for non-detects, TEQ concentrations were 0.367 
and 0.373 ng/kg.  No dioxin background or reference concentration data for 
comparison were found for oysters. 

8.4 Clams 

Thirty littleneck clams were hand collected from each of two intertidal locations 
to obtain Samples Clam 1 and Clam 2.  Clams were shucked, homogenized and 
submitted for analysis. 

The lipid concentrations were 0.232 and 0.487 percent. 
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Metals 

Lead and mercury were non-detected in both samples.  Concentrations of other 
metals were low and were comparable in the two samples. 

PCBs 

No PCB Aroclors were detected in the samples. 

Dioxins 

There were no detections for dioxins in the clam samples.  Dioxin TEQ 
concentrations using one-half the detection limit for non-detects, were 0.350 and 
0.368 ng/kg.  Dioxin TEQ concentrations are lower than found in littleneck 
clams collected from Budd Inlet where concentrations ranged from 0.20 to 1.58 
ng/kg with an average of 0.488 ng/kg (SAIC 2008b).  Port Gamble clam dioxin 
concentrations are comparable to those for littleneck clams collected from a 
background location in Padilla Bay where dioxins were not detected in any of 
the tissue samples (DMMP 2009). 

9.0 SUMMARY AND CONCLUSIONS OF REMEDIAL INVESTIGATION 

Sediment quality and biota tissue sampling and testing data presented in this RI 
report provide a substantial baseline for characterizing environmental conditions 
in Port Gamble Bay.  This investigation included a bay-wide assessment of wood 
waste impacts from historical log handling and milling operations.  Assessment 
work also focused on specific locations of interest associated with the FLTF and 
FLA. 

RI investigation methods included a wide array of assessment and testing 
techniques to determine the extent of wood waste impacts associated with the 
historical activities.  Initial SPI and plan view photography proved quite useful for 
selecting subsequent surface sediment sampling and coring locations.  In turn, 
the sediment samples were evaluated for a general suite of conventional 
parameters to guide further chemical analysis testing including SMS constituents, 
dioxins, and fatty and resin acids associated with woody material.  The RI data 
set also included results from biological testing, radiometric dating of selected 
sediment cores, and chemical testing of tissues samples from geoducks, crabs, 
clams, and oysters collected from Port Gamble Bay by the Port Gamble 
S’Klallam Tribe. 
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A number of key conclusions are summarized below based on the sampling and 
testing results presented in this RI. 

9.1 Wood Waste Occurrence and Distribution 

Wood waste was observed in 44 percent of the combined SPI and plan view 
images, and sediment samples obtained (Figure 7).  Although widely distributed 
throughout the bay, the highest accumulations of wood waste were along the 
west side of the bay from south of the former mill through the FLTF and the FLA.  
In addition, wood waste was found along the shore on the east side of the bay, 
near a former rail line along Little Boston Road that continued to a log dump 
area at the edge of the bay. 

Wood waste was observed in a wide range of sizes, but most commonly 
occurred as finely divided particles of millimeter size and smaller.  Wet sieving 
on surface sediment samples was useful for identifying finely divided wood 
waste that was otherwise difficult to see.  Where wet sieving was performed, 
visually estimated wood waste typically amounted approximately 5 to 10 
percent of the sample volume.  Coarser chip-like chunks of wood waste were 
prevalent near the mill, as expected.  Scattered small twigs and branches were 
observed in samples throughout the bay, but in relatively low quantities in 
comparison to the finely divided particles.  In most of the bay little bark material 
was noted that could be conclusively identified.  Greater amounts of bark 
material (up to 50 percent visual coverage) were generally observed at the base 
of the slope around the FLTF and FLA areas were historical log rafting and 
transfer occurred. 

Radiometric dating of sediment core material from locations 22 and 51 indicates 
a sediment accumulation depth of approximately 50 to 55 cm (1.6 to 1.8 feet) 
since about 1853, the year  sawmill operations started.  Wood waste identified 
within this depth range, therefore, may be associated with historical mill 
operations and log rafting activities.  The observed wood distribution and 
prevalence generally decreased below this depth. 

9.2 Conventional Chemical Testing Conclusions 

There appears to be a general spatial correlation between the presence of visual 
wood (Figure 7), the TVS/TOC ratio (Figure 9), sulfide concentration (Figure 10), 
ammonia concentration (Figure 11), phenol concentration (Figure 14).  Bioassay 
testing results also appear to spatially correlate with these other parameters 
(Figures 20 and 21), as discussed below.  Based on the general collocated nature 
of these parameters the weight of evidence indicates that sediment toxicity 
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impacts are likely due to wood waste or anaerobic conditions resulting from 
decomposition of wood waste. 

9.3 Organic and Metals Testing Conclusions 

Analytical testing results indicate that Port Gamble Bay sediments have not been 
significantly impacted by chemical constituents with SMS criteria.  Phenol was 
the only chemical that exceeded SQS criteria in two samples collected from the 
FLA and in one sample collected east of the FLTA.  No sediment samples 
exceeded CSL chemical criteria.  Dioxin TEQ sediment concentrations and 
congener patterns were within the range found for Puget Sound non-urban 
background sediment samples.  Higher concentrations of fatty acids tended to 
generally be associated with elevated concentrations of resin acids, conventional 
constituents, and bioassay failures. 

9.4 Biological Testing Conclusions 

Bioassay testing shows apparent impacts to surface sediment quality at locations 
near the FLA, FLTF, and central portion of the bay to the east (Figure 17).  Ten 
surface sediment samples exceeded SQS criteria, and 14 additional locations 
exceeded CSL criteria (including 2-hit SQS failures).  The spatial pattern of CSL 
and SQS failures is generally consistent with observed wood, TVS/TOC ratios 
greater than about 2, and elevated sulfide, ammonia, and phenol concentrations. 

9.5 Biological Tissue Sampling 

Biological tissue samples from geoducks, crabs, clams, and oysters were 
analyzed for percent lipids, total metals, dioxins/furans, and PCBs. Metals 
concentrations were either non-detect or very low.  Dioxins were detected at 
very low estimated concentrations below the laboratory practical quantitation 
limits.  For the crab tissue samples, dioxin TEQ concentrations calculated using 
one-half detection limit values or 0 for non-detections were comparable to 
concentrations from Dungeness crabs collected from Dungeness Bay (PTI 1991).  
No PCBs were only detected in the crab tissue sample at a relatively low 
concentration of 15 ug/kg. 

9.6 Conclusions 

Weight of evidence conclusions indicate that impacts to Port Gamble Bay 
sediments are attributable to wood waste or wood waste decomposition.  As 
illustrated on site figures, sediment impacts are most prevalent at locations 
associated with the FLA and FLTF, locations near the central portion of the bay, 
and some locations toward the eastern shoreline of the bay.  Impacts appear to 
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be most prominently associated with the uppermost 50 to 55 cm (1.6 to 1.8 
feet) sediment depth interval at these locations, corresponding to the 
operational period of the mill and related log handling and rafting operations 
since 1853.  The sediment characterization data and related conclusions from 
this RI provide key information to inform cleanup and restoration decisions to be 
evaluated as part of a follow-on Feasibility Study for Port Gamble Bay and focus 
areas.  The FS will confirm the priority areas and evaluate appropriate 
alternatives for cleanup and restoration. 
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Table 1 - Sediment Sample Collection Data

Site
Vibracore 
Locations

Vibracore 
Sediment 
Samples

Radiometric 
Dating 

Samples

Surface 
Sediment 
Locations

Surface 
Sediment 
Samples

Biota 
Locations

Biota 
Samples SPI

Port Gamble Bay 38 (a) 1 (b) 2 52 52 8 8 120

Carr Inlet Reference 0 0 0 3 3 0 0 0

Proposed SAP Samples 50 -- -- 50 50 9 9 120

(a) Two vibracore samples were collected for radiometric dating at Stations 21B and 51B.
(b) Samples were collected and analyzed from Station 42 at depths of 0 to 0.5, 1.5 to 2.0, 3.5 to 4.0, and 6.5 to 7.0 feet.
(c) Deviations from the Ecology-approved SAP for the Port Gamble investigation are discussed in Section 3.
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Table 2 - Sediment Sample Testing Summary Sheet 1 of 2

Sample Number ARI Job No.
SGS
Project No. SM
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Port Gamble Bay

Surface Sediment Samples
PGSS- 8 OD15, OH13 G1040-3 X X X X X X X X X X X X X X
PGSS-14A OD15 X X X X X X X X X X X
PGSS-15 OD15, OH13 X X X X X X X X X X X X X
PGSS-16 OD15, OH13 X X X X X X X X X X X X X
PGSS-18 OD15, OH13 X X X X X X X X X X X X X
PGSS-20 OD15, OH13 X X X X X X X X X X
PGSS-21A OD15 X X X X X X X X X X
PGSS-21B OD15, OH13 X X X X X X X X X X X X X
PGSS-22 OD15, OH13 G1040-3 X X X X X X X X X X X X X X
PGSS-29 OD15 X X X X X X X X X X X
PGSS-29A OD15, OH13 X X X X X X X X X X X X X
PGSS-30 OD15, OH13 X X X X X X X X X X X X X
PGSS-31 OD15, OH13 X X X X X X X X X X X X X
PGSS-33 OD15, OH13 X X X X X X X X X X
PGSS-35 OD15, OH13 X X X X X X X X X X
PGSS-38 OD15 X X X X X X X X X X X
PGSS-38A OD15, OH13 X X X X X X X X X X X X X
PGSS-39 OD15, OH13 X X X X X X X X X X X X X
PGSS-40 OD15, OH13 X X X X X X X X X X X X X
PGSS-42 OD15, OH13 X X X X X X X X X X X X X
PGSS-44 OD15, OH13 X X X X X X X X X X X X X
PGSS-45 OD92, OH02, OH08 X X X X X X X X X X
PGSS-46 OD92 X X X X X X X X
PGSS-47 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-47A OD92 X X X X X X X X X X X
PGSS-51 OD92, OH02, OH08 G1040-2 X X X X X X X X X X X X X X
PGSS-53 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-54 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-55 OD92 X X X X X X X X X X X
PGSS-56 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-58 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-61 OD92, OH02 X X X X X X X X
PGSS-62 OD92, OH08 X X X X X X X X X X
PGSS-62A OD92 X X X X X X X X X X X
PGSS-62B OD92 X X X X X X X X X X X
PGSS-63 OD92, OH02, OH08 X X X X X X X X X X X X X
PGSS-64 OD92, OH02, OH08 G1040-2 X X X X X X X X X X X X X X
PGSS-67 OD92, OH02, OH08 X X X X X X X X X X
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Table 2 - Sediment Sample Testing Summary Sheet 2 of 2

Sample Number ARI Job No.
SGS
Project No. SM
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PGSS-68 OD92 X X X X X X X X
PGSS-69 OD92 X X X X X X X X X X X
PGSS-70 OD92 X X X X X X X X X X X
PGSS-71 OD93 X X X X X X X X
PGSS-73 OD93, OH02, OH08 G1040-2 X X X X X X X X X X X X X X
PGSS-75 OD93, OH02, OH08 G1040-2 X X X X X X X X X X X X X X
PGSS-77 OD93 X X X X X X X X X X X
PGSS-77A OD93, OH01 G1040-1 X X X X X X X X X X X X X X
PGSS-78 OD93 X X X X X X X X
PGSS-80 OD93, OH01 G1040-1 X X X X X X X X X X X X
PGSS-82 OD93 X X X X X X X X
PGSS-83 OD93 X X X X X X X X X X X
PGSS-92 OD93, OH01 G1040-1 X X X X X X X X X X X X X X
PGSS-GEO-3 OD93, OH01 G1040-1 X X X X X X X X X X X X

Sediment Core Samples
Station-42 S-1 OC77 X X X X X X X
Station-42 S-2 OC77 X X X X X X X
Station-42 S-3 OC77 X X X X X X X
Station-42 S-4 OC77 X X X X X X X

Radiometric Dating Samples
Station-22B S-1 X
Station-51B S-1 X

Biota Samples
Oyster #1A OG44 G1040-4 X X X X
Oyster #2A OG44 G1040-4 X X X X
Clam #1A OG45 G1040-5 X X X X
Clam 2A OG45 G1040-5 X X X X
GD Station #1A (PGSS-73) OG88 G1040-7 X X X X
GD Station #2A (PGSS-80) OG88 G1040-7 X X X X
GD Station #3A (PGSS-GEO-3) OG88 G1040-7 X X X X
Crab 1-A Muscle Tissue OG53 G1040-6 X X X X
Crab 1-A Pan2 (Hepatopancreas) OG53 G1040-6 X X X X

Carr Inlet Reference
MSMP 43 OH45, OJ67 X X X X X X X X
CR-20W OH45, OJ67 X X X X X X X X
CR-23Mod OH45, OJ67 X X X X X X X X

a Metals analysis include the SMS Metals:  arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc.
b SVOCs include SMS SVOCs, guaicol, and retene.
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Table 3 - Presence and Estimated Percentage of Wood Material in Sediment Samples Sheet 1 of 2

Estimated
Percentage Notes

SPI Plan View
Station - 47 1% 0 Leaf litter, stick upper right
SPI Image
Station - 14A 2% 0.66 Wood waste (particles)
Station - 20 1% 0.66 Wood waste (particles)
Station - 21B 5% 0.66 Wood waste (particles)
Station - 24 2% 0.66 Wood waste (particles)
Station - 27 1% 0.66 Wood waste (particles)
Station - 28 7% 0.66 Wood waste (particles)
Station - 29A 50% 0.66 Large piece of wood waste on surface
Station - 30 3% 0.66 Wood waste (particles)
Station - 38 1% 0.66 Wood waste (particles)
Station - 46A 25% 0.66 Wood waste on surface
Station - 52 1% 0.66 Wood waste (particles)
Station - 55 1% 0.66 Wood waste (particles)
Station - 55C 2% 0.66 Wood waste (particles)
Station - 62 5% 0.66 Wood waste (particles), twig
Station - 62A 2% 0.66 Wood waste (particles)
Station - 62B 30% 0.66 Large piece of wood waste on surface
Station - 67 1% 0.66 Wood waste (particles)
Station - 71 2% 0.66 Wood waste (particles)
Station - 72 2% 0.66 Wood waste (particles)
Station - 73 15% 0.66 Large piece of wood waste on surface
Station - 81 3% 0.66 Wood waste (particles)
Station - 83A 20% 0.66 Large piece of wood waste on surface
Station - 88 30% 0.66 Large piece of wood waste on surface, leaves
Station - 90 5% 0.66 Wood Chips 1 cm
Station - 92 15% 0.66 Wood waste (particles)
Station - 95 5% 0.66 Wood waste (particles)
Station - 97 2% 0.66 Wood waste (particles)
Sediment Core Samples
Station - 8 5% 0-0.5 0.5 to 2.0 Wood waste (bark, wood chips)
Station - 16 1% 1 4.5 Bark piece, twig
Station - 22 5% 0 to 1 Wood waste (bark)
Station - 29 20% 0.5 to 1.6 Wood waste (bark, wood chips)
Station - 31 1% 3 Bark piece
Station - 33 1% 3.5 Twig
Station - 38A 20% 0 to 2.2 Wood waste (bark, wood chips)
Station - 40 5% 0 to 0.5 1.0 to 1.5 Wood waste (wood chips)
Station - 42 5% 0 to 0.5 1.5 to 2.0 6.5 to 7 Wood waste (bark, wood chips), twig and pine cone
Station - 44 1% 0 to 0.5 Wood waste (bark, wood chips), twigs
Station - 46 2% 0 to 0.5 2 Wood waste (bark, wood chips)
Station - 47 20% 0 to 1 Wood waste (bark)
Station - 49 1% 2.3 to 2.5 7 Wood waste (bark)
Station - 51 1% 3.7 5.5 6.5 Wood waste (bark)
Station - 53 1% 1.5 to 2 Wood waste (wood chips)
Station - 55 20% 1.2 to 2.0 2.2 Wood waste (bark, wood chips)
Station - 61 5% 0 to 1.1 2.6 Wood waste (wood chips), twig
Station - 62 1% 0 to 0.3 Wood waste
Station - 62B 5% 0.5 1 Wood waste (bark, wood chips)
Station - 64 1% 1.5 2.2 Wood waste
Station - 65 1% 1.5 to 2 Wood waste (wood chips)
Station - 67 5% 0.30 1.3 to 2.1 3.7 to 6.4 Wood waste (bark, wood chips), twigs 

Depth Beneath

in FeetStation
 Sediment Surface
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Table 3 - Presence and Estimated Percentage of Wood Material in Sediment Samples Sheet 2 of 2

Estimated
Percentage Notes

Depth Beneath

in FeetStation
 Sediment Surface

Station - 69 5% 1.3 to 1.8 Wood waste (bark, wood chips), twigs 
Station - 71 5% 0 to 0.5 0.5 to 1 Wood waste (bark, wood chips)
Station - 73 20% 0 to 0.5 1 2 Wood waste (bark, wood chips)
Station - 75 20% 0.4 1.5 Wood waste (bark, wood chips)
Station - 77 15% 0 to 0.5 0.5 to 1 Wood waste (bark, wood chips)
Station - 78 1% 0 Wood waste (bark, wood chips)
Station - 80 1% 0 0 to 0.5 Wood waste (bark)
Station - 82 2% 0 to 0.5 1.3 to 1.6 Wood waste (bark, wood chips)
Surface Sediment Samples
Station - 21A 1% 0.66 Twig
Station - 21B 25-50% 0.66 Wood waste (bark)
Station - 29A 5% 0.66 Wood waste (bark, wood chips), twig 
Station - 38A 5% 0.66 Wood waste (bark)
Station - 61 1% 0.66 Twig
Station - 73 5% 0.66 Wood waste (bark, wood chips)
Station - 83 5% 0.66 Wood waste (bark)
Station - 92 5% 0.66 Wood waste (bark, wood chips)
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 1 of 8

Sample ID PGSS-8 PGSS-14A PGSS-15 PGSS-16 PGSS-18 PGSS-20 PGSS-21A
Sampling Date

Conventionals in mg/kg
Sulfide 485 J 125 243 1060 113 158 71.6
N-Ammonia 24.3 3.52 22.5 53.6 3.05 7.66 3.26

Conventionals in %
Preserved Total Solids 31.9 73.1 78.2 27.4 34.1 40.7 77.7
Total Organic Carbon 3.93 1.46 3.46 2.6 2.49 3.65 1.33
Total Solids 33.9 72.7 32.2 27.2 35.8 43.1 81.8
Total Volatile Solids 10.43 2 10.24 9.19 8.78 6.67 2.36

Resin Acids in ug/kg
9,10-Dichlorostearic Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U
Abietic Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U
Dehydroabietic Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U
Isopimaric Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U
Linolenic Acid 110 130 98 U 98 U 99 U 99 U 110
Neoabietic Acid 98 UJ 98 UJ 98 UJ 98 UJ 99 UJ 99 UJ 97 UJ
Oleic Acid 1300 1700 780 430 620 650 1300
Palustric Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 UJ
Pimaric Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U
Sandaracopimaric Acid 98 U 98 U 98 U 98 U 99 U 99 U 97 U

12/4/2008 12/4/2008 12/4/200812/4/2008 12/4/2008 12/4/2008 12/4/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 2 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-21B PGSS-22 PGSS-29 PGSS-29A PGSS-30 PGSS-31 PGSS-33

468 640 167 419 697 608 372
7.75 34.9 2.75 16.3 12.3 5.37 12.1

37.5 30.7 70.2 36.4 32.6 36.8 38.7
3.02 3.21 1.83 4.73 3.65 2.23 2.41
45.4 31.5 70.6 37.9 35.4 38.8 39.9

11.22 9.29 3.11 12.68 8.89 8.96 8.41

98 U 100 U 97 U 99 U 100 U 98 U 98 U
1100 100 U 160 440 100 U 98 U 98 U
950 100 U 200 340 100 U 98 U 98 U
160 100 U 97 U 99 U 100 U 98 U 98 U
98 U 100 U 110 110 100 U 98 U 98 U
98 UJ 100 UJ 97 UJ 99 UJ 100 UJ 98 UJ 98 UJ

1200 710 1400 950 660 670 640
98 U 100 U 97 U 99 U 100 U 98 U 98 U
98 U 100 U 97 U 99 U 100 U 98 U 98 U
98 U 100 U 97 U 99 U 100 U 98 U 98 U

12/5/200812/4/2008 12/4/2008 12/5/2008 12/5/200812/4/2008 12/4/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 3 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-35 PGSS-38 PGSS-38A PGSS-39 PGSS-40 PGSS-42 PGSS-44

459 142 382 693 1120 1060 691
26.4 3.85 4.11 14.6 6.81 5.7 9.37

31.5 71.2 52 33.3 36 37.6 32.3
2.52 2 3.4 2.98 2.99 2.11 2.67
34.2 59.6 42.7 35.6 39.2 40.5 36.4
8.62 2.38 5.7 8.81 9.09 8.12 8.14

99 U 97 U 98 U 99 U 100 U 98 U 99 U
99 U 97 U 98 U 99 U 100 U 98 U 330
99 U 97 U 98 U 120 100 U 98 U 100
99 U 97 U 98 U 99 U 100 U 98 U 99 U
99 U 97 U 98 U 99 U 100 U 98 U 140
99 UJ 97 UJ 98 UJ 99 UJ 100 UJ 98 UJ 99 UJ

370 1200 790 530 1100 1500 1400
99 U 97 U 98 U 99 U 100 U 98 U 99 U
99 U 97 U 98 U 99 U 100 U 98 U 99 U
99 U 97 U 98 U 99 U 100 U 98 U 99 U

12/5/200812/5/2008 12/5/2008 12/5/200812/5/2008 12/5/2008 12/5/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 4 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-45 PGSS-46 PGSS-47 PGSS-47A PGSS-51 PGSS-53 PGSS-54

685 J 228 281 462 775 709 667
39.9 2.83 6.05 4.84 8.43 4.81 9.26

36.4 71.3 65.5 54.6 42 46.3 48.8
2.85 1.27 2.39 1.84 2.24 2.5 1.78
35.4 72.2 64.5 57.9 41.7 46 49.5
7.6 1.88 3.8 3.84 7.49 6.34 5.6

98 U 98 U 98 U 98 U 98 U 99 U 98 U
98 U 98 U 440 1600 4400 890 620

140 98 U 250 690 480 300 240
98 U 98 U 98 U 98 U 98 U 99 U 98 U

830 430 510 540 490 370 400
98 R 98 R 98 R 98 R 98 R 99 R 98 R

7500 3500 3600 5100 8400 6100 7000
98 U 98 U 98 U 98 U 98 U 99 U 98 U
98 U 98 U 98 U 98 U 98 U 99 U 98 U
98 U 98 U 98 U 98 U 98 U 99 U 98 U

12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 5 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-55 PGSS-56 PGSS-58 PGSS-61 PGSS-62 PGSS-62A PGSS-62B

176 212 524 245 79.4 176 155
4.39 4.04 22.7 3.59 7.08 8.86 6.24

72.1 68.1 36.7 65.1 75.2 76 63.8
0.878 1.64 3.14 1.82 0.699 1.07 1.31
72.4 70.5 32.8 67.9 78.8 75 67.8
1.97 1.76 8.75 2.55 1.06 1.94 2.56

96 U 97 U 99 U 97 U 98 U 96 U 95 U
96 U 160 740 97 U 98 U 96 U 95 U
96 U 97 U 310 97 U 98 U 120 95 U
96 U 97 U 99 U 97 U 98 U 96 U 95 U

170 200 580 230 110 270 420
96 R 97 R 99 R 97 R 98 R 96 R 95 R

1900 2300 5700 2900 1500 3700 3600
96 U 97 U 99 U 97 U 98 U 96 U 95 U
96 U 97 U 99 U 97 U 98 U 96 U 95 U
96 U 97 U 99 U 97 U 98 U 96 U 95 U

12/8/2008 12/8/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 6 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-63 PGSS-64 PGSS-67 PGSS-68 PGSS-69 PGSS-70 PGSS-71

235 278 21.4 16.1 24.4 24.7 67.5 J
3.95 5.02 4.54 3.27 3.71 4.01 3.46

68.1 66 68.8 75.6 68.4 72.3 76
1.99 2.36 1.75 1.3 0.955 1.54 1.57
67.9 64.3 68.5 74.2 84.2 71.6 74.7
2.87 2.95 2.32 1.45 1.95 2.15 1.53

98 U 96 U 98 U 96 U 97 U 97 U 98 U
98 U 96 U 98 U 96 U 97 U 97 U 98 U

110 96 U 110 96 U 97 U 97 U 98 U
98 U 96 U 98 U 96 U 97 U 97 U 98 U

210 180 290 140 310 150 98 U
98 R 96 R 98 R 96 R 97 R 97 R 98 UJ

3000 3000 2200 1700 2800 2000 960
98 U 96 U 98 U 96 U 97 U 97 UJ 98 U
98 U 96 U 98 U 96 U 97 U 97 U 98 U
98 U 96 U 98 U 96 U 97 U 97 U 98 U

12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 7 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-73 PGSS-75 PGSS-77 PGSS-77A PGSS-78 PGSS-80 PGSS-82 PGSS-83

43.4 19.6 171 210 10.6 1.19 U 40.4 136
2.72 3.49 5.65 3.65 8.26 2.35 3.2 6.11

73.5 80.3 67.7 64.3 77.6 79.5 79.1 71.1
0.998 0.475 1.88 2.38 1.53 0.285 0.879 1.87
75.3 79.1 66 68.2 78.9 82.1 75.6 71.1
1.28 0.84 3.1 3.16 1.46 0.78 1 2.34

97 U 96 U 98 U 98 U 98 U 98 U 97 U 97 U
97 U 96 U 98 U 410 98 U 98 U 97 U 110 J
97 U 96 U 98 U 130 98 U 98 U 97 U 97 U
97 U 96 U 98 U 98 U 98 U 98 U 97 U 97 U
97 U 96 U 120 98 U 98 U 98 U 100 110
97 UJ 96 UJ 98 UJ 98 UJ 98 UJ 98 UJ 97 UJ 97 UJ

920 550 1700 1100 770 620 1300 1600
97 U 96 U 98 U 98 U 98 U 98 UJ 97 U 97 U
97 U 96 U 98 U 98 U 98 U 98 U 97 U 97 U
97 U 96 U 98 U 98 U 98 U 98 U 97 U 97 U

12/9/2008 12/9/2008 12/9/2008 12/10/200812/9/2008 12/10/2008 12/10/2008 12/10/2008
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Table 4 - Analytical Results for Resin Acids and Conventional Parameters in Sediment Samples Sheet 8 of 8

Sample ID
Sampling Date

Conventionals in mg/kg
Sulfide
N-Ammonia

Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids

Resin Acids in ug/kg
9,10-Dichlorostearic Acid
Abietic Acid
Dehydroabietic Acid
Isopimaric Acid
Linolenic Acid
Neoabietic Acid
Oleic Acid
Palustric Acid
Pimaric Acid
Sandaracopimaric Acid

PGSS-92 PGSS-GEO-3 STATION 42 S-1 STATION 42 S-2 STATION 42 S-3 STATION 42 S-4
12/10/2008 12/3/2008 12/3/2008 12/3/2008 12/3/2008

547 114 J 82.9 35.4 74.7 1.92 U
7.07 10.4 J 2.48 19.2 73.9 154

56 71.9 53.3 45.7 46.8 51.4
3.01 1.78 2.81 J 1.74 1.87 1.46
66.7 70.9 50 45.8 46.1 53.2
4.22 1.74 6.78 5.37 5.39 5.13

99 U 97 U
99 U 97 U

210 97 U
99 U 97 U

170 97 U
99 UJ 97 R

4600 900
99 U 97 R
99 U 97 U
99 U 97 U

U = Not detected at reporting limit indicated.
J = Estimated value.
R = Rejected.
Blank indicates sample not analyzed for specific analyte.

12/10/2008
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Table 7 - Analytical Results and TCDD TEQs for Sediment Samples Sheet 1 of 2

Sample ID PGSS-8 PGSS-22 PGSS-51 PGSS-64 PGSS-73 PGSS-75 PGSS-77A
Sampling Date 12/04/2008 12/04/2008 12/08/2008 12/09/2008 12/09/2008 12/09/2008 12/09/2008
SDG G1040-3 G1040-3 G1040-2 G1040-2 G1040-2 G1040-2 G1040-1

Dioxins in ng/kg
2,3,7,8-TCDD 0.144 U 0.155 U 0.115 U 0.108 U 0.104 U 0.104 U 0.108 U
1,2,3,7,8-PeCDD 1.31 T 0.36 U 0.267 U 0.251 U 0.242 U 0.242 U 0.251 U
1,2,3,4,7,8-HxCDD 0.494 U 0.529 U 0.392 U 0.369 U 0.356 U 0.356 U 0.369 U
1,2,3,6,7,8-HxCDD 1.09 T 1.32 T 0.413 U 0.97 T 0.376 U 0.376 U 0.837 T
1,2,3,7,8,9-HxCDD 0.286 U 0.83 T 1.41 T 0.213 U 0.206 U 0.206 U 0.214 U
1,2,3,4,6,7,8-HpCDD 9.5 23.8 48.3 16.4 5.85 3.03 J 20.1
OCDD 70.6 223 449 135 48.5 22.8 199
2,3,7,8-TCDF 0.137 U 1.16 T 1.86 1.05 0.334 T 0.099 U 0.862 T
1,2,3,7,8-PeCDF 0.387 U 0.46 T 0.657 T 0.419 T 0.279 U 0.279 U 0.294 T
2,3,4,7,8-PeCDF 0.317 U 0.58 T 0.972 T 0.508 T 0.228 U 0.228 U 0.237 U
1,2,3,4,7,8-HxCDF 0.696 U 0.746 U 0.582 T 0.52 U 0.502 U 0.502 U 0.52 U
1,2,3,6,7,8-HxCDF 0.167 U 0.179 U 0.132 U 0.125 U 0.12 U 0.12 U 0.125 U
1,2,3,7,8,9-HxCDF 0.321 U 0.344 U 0.255 U 0.24 U 0.232 U 0.232 U 0.24 U
2,3,4,6,7,8-HxCDF 0.379 U 0.407 U 0.612 T 0.283 U 0.274 U 0.274 U 0.284 U
1,2,3,4,6,7,8-HpCDF 2.22 T 3.08 T 5.7 2.44 T 1.12 T 4.51 2.51 T
1,2,3,4,7,8,9-HpCDF 0.72 U 0.771 U 0.571 U 0.538 U 0.519 U 0.519 U 0.538 U
OCDF 5.35 T 6.95 T 13.8 5.49 T 2.38 T 13 6.8 T
Total TCDD 6.51 23.7 24 8.74 4.32 0.392 T 23.7
Total PeCDD 12.4 J 15.7 J 15.7 J 6.37 J 3.17 JT 0.332 JT 9.83
Total HxCDD 13.3 24.2 37.4 14.5 5.35 1.79 T 16.2
Total HpCDD 34.1 134 286 80 27.2 13 126
Total TCDF 2.38 J 13.6 J 28.8 J 16.7 J 2.91 J 0.099 UJ 12 J
Total PeCDF 1.5 T 5.79 JT 10.2 J 6.17 J 0.465 T 0.228 UJ 4.08 JT
Total HxCDF 2.39 T 2.23 T 8.59 3.14 T 0.684 T 2.92 T 2.77 T
Total HpCDF 5.77 T 8.55 16 6.64 2.75 T 18.8 7.24
TEQ (ND=0) 1.559 0.857 1.437 0.598 0.118 0.086 0.372
TEQ (ND=½) 1.812 1.228 1.690 0.867 0.436 0.408 0.772
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Table 7 - Analytical Results and TCDD TEQs for Sediment Samples Sheet 2 of 2

Sample ID PGSS-80 PGSS-92 PGSS-GEO-3
Sampling Date 12/10/2008 12/10/2008 12/10/2008
SDG G1040-1 G1040-1 G1040-1

Dioxins in ng/kg
2,3,7,8-TCDD 0.105 U 0.11 U 0.106 U
1,2,3,7,8-PeCDD 0.243 U 0.555 T 0.247 U
1,2,3,4,7,8-HxCDD 0.357 U 0.375 U 0.362 U
1,2,3,6,7,8-HxCDD 0.377 U 2.38 T 0.607 T
1,2,3,7,8,9-HxCDD 0.207 U 1.17 T 0.21 U
1,2,3,4,6,7,8-HpCDD 1.42 J 89.8 5.9
OCDD 10.5 922 43.6
2,3,7,8-TCDF 0.0995 U 0.832 T 0.625 T
1,2,3,7,8-PeCDF 0.28 U 0.413 T 0.284 U
2,3,4,7,8-PeCDF 0.229 U 0.241 U 0.308 T
1,2,3,4,7,8-HxCDF 0.504 U 0.529 U 0.511 U
1,2,3,6,7,8-HxCDF 0.121 U 0.127 U 0.123 U
1,2,3,7,8,9-HxCDF 0.233 U 0.244 U 0.236 U
2,3,4,6,7,8-HxCDF 0.275 U 0.537 T 0.278 U
1,2,3,4,6,7,8-HpCDF 0.504 U 8.08 1.3 T
1,2,3,4,7,8,9-HpCDF 0.521 U 0.547 U 0.528 U
OCDF 0.649 U 26 2.5 T
Total TCDD 0.105 U 11 4.37
Total PeCDD 0.243 U 10.7 J 4.02 T
Total HxCDD 0.207 U 51.1 7.17
Total HpCDD 5.91 563 21.3
Total TCDF 0.0995 U 13.3 J 7.03 J
Total PeCDF 0.229 U 5.22 J 2.92 T
Total HxCDF 0.121 U 10.7 1.57 T
Total HpCDF 0.504 U 26 2.85 T
TEQ (ND=0) 0.017 2.322 0.301
TEQ (ND=½) 0.344 2.480 0.571

U = Not detected at reporting limit indicated.
J = Estimated value.
T = Value is between the MDL and MRL.
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     Table 8- Analytical Results for Carr Inlet Reference Samples

Sample ID CR20W CR23MOD MSMP43
Sampling Date 1/9/2009 1/9/2009 1/9/2009

Conventionals in mg/kg
Sulfide 32.5 111 1.35 U
N-Ammonia 6.83 4.90 3.02

Conventionals in %
Preserved Total Solids 65.10 59.00 72.90
Total Organic Carbon 0.679 0.628 0.534
Total Solids 63.20 66.20 74.10
Total Volatile Solids 2.52 2.12 0.92

U = Not detected at reporting limit indicated.
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Table 9 - Apparent Grain Size for Sediment and Carr Inlet Reference Samples Sheet 1 of 3

Sample ID PGSS-8 PGSS-15 PGSS-16 PGSS-18 PGSS-20 PGSS-21B PGSS-22 PGSS-29A
Sampling Date 12/4/2008 12/4/2008 12/4/2008 12/4/2008 12/4/2008 12/4/2008 12/4/2008 12/4/2008

Grain Size in %
Gravel 0.2 < 0.1 < 0.1 < 0.1 < 0.1 1.3 0.1 1.5
Very Coarse Sand 1.3 0.7 0.6 0.3 0.3 2 0.5 2
Coarse Sand 1.2 0.8 1.1 1.1 0.5 2.8 0.7 2.5
Medium Sand 1.3 1 0.8 0.9 0.6 8.4 0.8 4.3
Fine Sand 2.9 1.5 0.7 0.7 0.7 19.1 1.3 7.7
Very Fine Sand 5.1 3.3 2.3 2.3 4.3 16.2 4.4 12.1
Coarse Silt 10.6 9.5 7.6 7.7 15.4 11.9 10.6 13.7
Medium Silt 20.9 19.5 17 21.1 25.4 9.6 17.4 14
Fine Silt 16.8 17.4 17.9 18.9 18.2 7.5 16.7 11
Very Fine Silt 11.8 12.9 15.8 13.3 11.2 5.7 13.4 8.3
8-9 Phi Clay 7.5 9.2 12.2 9.8 6.5 4.2 10.4 6.2
9-10 Phi Clay 6.8 8.6 9.2 8.6 5.5 3.6 7.9 5.2
< 10 Phi Clay 13.5 15.7 14.8 15.5 11.4 7.9 15.8 11.6
Total Fines 87.9 92.7 94.4 94.8 93.6 50.2 92.2 69.9

Sample ID PGSS-30 PGSS-31 PGSS-33 PGSS-35 PGSS-38A PGSS-39 PGSS-40 PGSS-42
Sampling Date 12/5/2008 12/5/2008 12/5/2008 12/5/2008 12/5/2008 12/5/2008 12/5/2008 12/5/2008

Grain Size in %
Gravel 0.1 0.1 < 0.1 < 0.1 0.1 0.1 < 0.1 < 0.1
Very Coarse Sand 1.1 0.9 0.7 0.3 0.6 0.8 0.9 0.9
Coarse Sand 1.4 1.1 1.1 1 1.9 1.1 0.9 1.2
Medium Sand 1.5 1.2 1.1 1.1 9.8 1.1 1.2 1.5
Fine Sand 2.1 1.7 2 1.3 20.2 1.7 3.1 4.7
Very Fine Sand 6.2 6.4 8.1 5.3 15 6.5 9.9 14.2
Coarse Silt 12.2 13.1 14.5 9.7 11 13.2 14.1 16.1
Medium Silt 13.6 14.9 15.4 14.4 9.9 15 15.1 9.9
Fine Silt 14.8 14.9 15.2 17.4 9 13.7 12.4 11.4
Very Fine Silt 13.3 12.3 11.2 15.9 9.2 13.2 11.6 10.3
8-9 Phi Clay 9.3 9.9 8.5 10.6 4.4 9.8 9.3 8.7
9-10 Phi Clay 8.4 8.2 7.7 7.8 3 8.6 7.2 7.7
< 10 Phi Clay 16 15.3 14.6 15.2 5.8 15.3 14.3 13.3
Total Fines 87.6 88.6 87 91 52.4 88.7 84.1 77.4
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Table 9 - Apparent Grain Size for Sediment and Carr Inlet Reference Samples Sheet 2 of 3

Sample ID PGSS-44 PGSS-45 PGSS-47 PGSS-51 PGSS-53 PGSS-54 PGSS-56 PGSS-58
Sampling Date 12/5/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/8/2008 12/9/2008

Grain Size in %
Gravel < 0.1 0.4 0.2 0.3 0.2 0.2 < 0.1 0.6
Very Coarse Sand 0.7 2.9 1.1 1.3 0.9 0.9 0.1 3.4
Coarse Sand 1.3 2.3 4.6 1.8 1.7 1.1 3.2 3.9
Medium Sand 1.3 1.5 23.7 3.3 3.4 3.3 26.2 3.1
Fine Sand 2.6 1.7 35.1 9 12.7 12.5 47.2 7.2
Very Fine Sand 8.7 5.4 13.2 18.9 22.1 21.3 10.7 11.4
Coarse Silt 11.4 11.7 5.3 10 10.1 12.5 2.3 9.9
Medium Silt 12.9 21.7 3.5 8.6 9.2 10.4 1.8 12.8
Fine Silt 14.4 14.8 3 12.4 8.7 8.6 1.4 11
Very Fine Silt 13.5 10.6 1.9 7.8 7 6.2 1.4 8.7
8-9 Phi Clay 9.7 7.2 1.7 7 6.2 6.2 1.2 7.6
9-10 Phi Clay 8.3 6.1 2.1 6.7 5.5 5.2 1.5 6.9
< 10 Phi Clay 15.2 13.7 4.5 12.7 12.2 11.7 3.1 13.6
Total Fines 85.4 85.8 22 65.3 58.9 60.8 12.6 70.5

Sample ID PGSS-62 PGSS-63 PGSS-64 PGSS-67 PGSS-73 PGSS-75 PGSS-77A PGSS-92
Sampling Date 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/9/2008 12/10/2008

Grain Size in %
Gravel < 0.1 1 < 0.1 < 0.1 0.2 < 0.1 0.1 24.1
Very Coarse Sand 0.2 2.9 0.3 0.1 0.1 0.3 1 7.4
Coarse Sand 4.8 8.5 2 1 4.7 6.1 6.9 7.9
Medium Sand 33.6 25.3 20.6 10.3 49.1 39.2 31.5 17.8
Fine Sand 45 28.6 47.4 61.3 37.1 44.3 33.6 15.8
Very Fine Sand 9.6 11.8 6.5 11.9 2.6 6.2 8.5 9.1
Coarse Silt 1.8 5.5 4.2 2.1 0.8 1.3 3.9 4.1
Medium Silt 0.6 2.8 3 1.5 0.5 0.2 3 3.4
Fine Silt 0.6 2.5 3.3 2 0.6 0.3 2.2 2.3
Very Fine Silt 0.6 2.1 2.7 2 0.7 0.3 2 2
8-9 Phi Clay 0.7 2 2.1 1.7 0.8 0.3 1.6 1.4
9-10 Phi Clay 0.7 1.9 2.4 2.1 0.9 0.3 2.1 1.5
< 10 Phi Clay 1.7 5.1 5.5 3.9 1.8 1.2 3.8 3.4
Total Fines 6.7 21.8 23.2 15.3 6.1 3.9 18.5 18
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Table 9 - Apparent Grain Size for Sediment and Carr Inlet Reference Samples Sheet 3 of 3

Sample ID STATION 42 S-1 STATION 42 S-2 STATION 42 S-3 STATION 42 S-4 CR20W CR23MOD MSMP43
Sampling Date 12/3/2008 12/3/2008 12/3/2008 12/3/2008 1/9/2009 1/9/2009 1/9/2009

Grain Size in %
Gravel 0.4 0.4 < 0.1 0.2 < 0.1 < 0.1 < 0.1
Very Coarse Sand 1.6 0.6 0.2 0.7 0.1 0.2 0.1
Coarse Sand 2.6 1.4 0.5 1 0.3 0.6 1
Medium Sand 2.8 2.4 1 2.4 0.6 1.4 19.5
Fine Sand 7.6 5.2 2.7 4.7 1.6 7.2 60.2
Very Fine Sand 19.7 15.3 11.1 14.3 17.7 39.1 12.7
Coarse Silt 14.9 14.2 14.5 13.5 37 24.8 1.1
Medium Silt 12.4 12.7 16.1 14.1 23.8 13 0.6
Fine Silt 9.8 11.4 13.2 12.7 7 4.4 0.5
Very Fine Silt 6.8 8.4 9.8 8.4 2.1 1.7 0.6
8-9 Phi Clay 6 7.7 7.1 7 1.9 1.8 0.8
9-10 Phi Clay 5.8 7.6 7.3 6.8 1.5 1.3 1.1
< 10 Phi Clay 9.8 12.8 16.5 14.2 6.4 4.6 1.7
Total Fines 65.5 74.8 84.4 76.8 79.7 51.6 6.4
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Table 10 - Toxicity Testing Summary Results
Microtox Amphipod Larval Juvenile SMS

Location Bioluminescence Mortality Development Polychaete Growth Interpretation
08 PASS PASS PASS PASS PASS

14A PASS
15 PASS PASS PASS PASS PASS
16 FAIL SQS PASS PASS PASS FAIL SQS
18 PASS PASS FAIL SQS FAIL SQSa FAIL CSL
20 PASS PASS PASS PASS PASS

21A PASS
21B PASSa PASS FAIL CSLb,c PASS FAIL CSL
22 PASS PASS FAIL CSL PASS FAIL CSL
29 PASS

29A PASSa PASS FAIL CSLb,c PASS FAIL CSL
30 PASS PASS FAIL SQS FAIL SQSa FAIL CSL
31 PASS PASS FAIL SQS PASS FAIL SQS
33 PASS PASS FAIL SQS FAIL SQSa FAIL CSL
35 PASS PASS FAIL SQS PASS FAIL SQS
38 PASS

38A PASSa PASS FAIL CSLb,c PASS FAIL CSL
39 PASS PASS FAIL CSL FAIL SQSa FAIL CSL
40 PASS PASS FAIL CSL FAIL SQSa FAIL CSL
42 PASS PASS FAIL CSL PASS FAIL CSL
44 PASS PASS FAIL SQS PASS FAIL SQS
45 PASS PASS PASS PASS PASS
46 PASS
47 PASS PASS FAIL SQS PASS FAIL SQS

47A PASSa

51 FAIL SQS PASS FAIL SQS PASS FAIL CSL
53 PASS PASS FAIL SQS PASS FAIL SQS
54 PASS PASS FAIL CSL PASS FAIL CSL
55 PASSa

56 PASS PASS FAIL CSL PASS FAIL CSL
58 FAIL SQS PASS PASS PASS FAIL SQS
61 PASS
62 PASS PASS PASS PASS PASS

62A PASS
62B FAIL SQS PASS PASS PASS FAIL SQS
63 FAIL SQSa PASS PASS PASS FAIL SQS
64 PASSa PASS FAIL CSL PASS FAIL CSL
67 PASS PASS PASS PASS PASS
68 PASS
69 FAIL SQS PASS PASS PASS FAIL SQS
70 PASS
71 PASS

73 (geoduck 1) PASS PASS PASS PASS PASS
75 (near clam2/oyster2) PASS PASS PASS PASS PASS

77 PASSa

77A PASS PASS PASS PASS PASS
78 PASS

80 (geoduck 2) PASS
82 PASS
83 PASS
92 PASS PASS PASS PASS PASS

Geo 03 PASS

Blank indicates analysis not performed
a - Reference sediment failed performance criteria. Test sediment compared to control.
b - Reference sediment (CR23Mod) failed performance criteria. Test sediment compared to control even though control is
      seawater rather than sediment.
c - Test sediment also failed when compared to reference sediment CR20W, which passed performance criteria.
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Table 11 - Analytical Results for Biota Samples Sheet 1 of 2

Sample ID CLAM #1A CLAM 2A CRAB1-A MEAT CRAB1-A PAN2 OYSTER #1A OYSTER #2A
Sampling Date 12/15/2008 12/15/2008 12/23/2008 12/23/2008 12/15/2008 12/15/2008

Percent Lipids-Wet Wt 0.232 0.487 0.208 3.01 1.97 1.97

Metals in mg/kg-wet wt.
Arsenic 2 2 7 4 1 U 1
Cadmium 0.36 0.24 0.04 0.34 0.99 0.96
Chromium 0.3 0.3 0.1 0.1 0.1 0.2
Copper 1.37 1.02 8.65 19.2 3.98 4.45
Lead 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U
Silver 0.12 0.09 0.19 0.5 0.1 0.1
Zinc 10.1 10.5 50.2 15.1 101 124
Mercury 0.01 U 0.01 U 0.047 0.03 0.01 0.01

PCBs in ug/kg-wet wt.
Aroclor 1016 8 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1221 8 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1232 8 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1242 8 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1248 12 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1254 8 U 8 U 8 U 20 U 8 U 8 U
Aroclor 1260 8 U 8 U 8 U 15 J 8 U 8 U
Aroclor 1262 8 U 8 U 8 U 8 U 8 U 8 U
Aroclor 1268 8 U 8 U 8 U 8 U 8 U 8 U
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Table 11 - Analytical Results for Biota Samples Sheet 2 of 2

Sample ID
Sampling Date

Percent Lipids-Wet Wt

Metals in mg/kg-wet wt.
Arsenic
Cadmium
Chromium
Copper
Lead
Silver
Zinc
Mercury

PCBs in ug/kg-wet wt.
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268

GD STATION #1A GD STATION #2A GD STATION #3A
12/16/2008 12/16/2008 12/16/2008

0.481 0.426 0.823

1 2 2
0.19 0.19 0.26
0.1 0.1 0.2

3.25 2.85 6.29
0.4 U 0.4 U 0.4 U

0.93 1.15 1.47
16.5 14.5 30.8
0.01 0.01 0.02

4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U
4 U 4 U 4 U

U = Not detected at reporting limit indicated.
J = Estimated value.
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Table 12 - Analytical Results and TCDD TEQs for Tissue Samples Sheet 1 of 2

Sample ID CLAM #1A CLAM #2A CRAB1-A  MEAT CRAB1-A  PAN2 GD STATION #1A
Sampling Date 12/15/2008 12/15/2008 12/23/2008 12/23/2008 12/16/2008
SDG G1040-5 G1040-5 G1040-6 G1040-6 G1040-7

Dioxins in ng/kg-wet wt.
2,3,7,8-TCDD 0.111 U 0.117 U 0.112 U 0.106 U 0.111 U
1,2,3,7,8-PeCDD 0.26 U 0.273 U 0.262 U 0.428 T 0.258 U
1,2,3,4,7,8-HxCDD 0.381 U 0.4 U 0.384 U 0.364 U 0.378 U
1,2,3,6,7,8-HxCDD 0.402 U 0.423 U 0.406 U 1.05 T 0.399 U
1,2,3,7,8,9-HxCDD 0.221 U 0.232 U 0.223 U 0.211 U 0.219 U
1,2,3,4,6,7,8-HpCDD 0.402 U 0.422 U 0.406 U 1.8 T 0.399 U
OCDD 0.779 U 0.818 U 0.786 U 2.3 T 2.58 T
2,3,7,8-TCDF 0.106 U 0.111 U 0.223 T 1.03 0.105 U
1,2,3,7,8-PeCDF 0.299 U 0.314 U 0.301 U 0.286 U 0.297 U
2,3,4,7,8-PeCDF 0.245 U 0.257 U 0.247 U 0.455 T 0.243 U
1,2,3,4,7,8-HxCDF 0.537 U 0.564 U 0.542 U 0.513 U 0.533 U
1,2,3,6,7,8-HxCDF 0.129 U 0.135 U 0.13 U 0.123 U 0.128 U
1,2,3,7,8,9-HxCDF 0.248 U 0.261 U 0.25 U 0.237 U 0.246 U
2,3,4,6,7,8-HxCDF 0.293 U 0.308 U 0.296 U 0.28 U 0.291 U
1,2,3,4,6,7,8-HpCDF 0.537 U 0.564 U 0.542 U 0.513 U 0.533 U
1,2,3,4,7,8,9-HpCDF 0.556 U 0.584 U 0.561 U 0.531 U 0.552 U
OCDF 0.692 U 0.727 U 0.698 U 0.661 U 0.687 U
Total TCDD 0.111 U 0.117 U 0.112 U 0.786 T 0.111 U
Total PeCDD 0.26 U 0.273 U 0.262 U 1.41 T 0.258 U
Total HxCDD 0.221 U 0.232 U 0.429 T 4.69 0.219 U
Total HpCDD 0.402 U 0.422 U 0.406 U 5.89 0.768 T
Total TCDF 0.106 U 0.111 U 0.223 JT 4.19 J 0.105 U
Total PeCDF 0.245 U 0.257 U 0.247 U 3.8 T 0.243 U
Total HxCDF 0.129 U 0.135 U 0.13 U 1.78 T 0.128 U
Total HpCDF 0.537 U 0.564 U 0.542 U 0.513 U 0.533 U
TEQ (ND=0) 0.000 0.000 0.022 0.791 0.0008
TEQ (ND=½) 0.350 0.368 0.370 0.940 0.349
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Table 12 - Analytical Results and TCDD TEQs for Tissue Samples Sheet 2 of 2

Sample ID GD STATION #2A GD STATION #3A OYSTER #1A OYSTER #2A
Sampling Date 12/16/2008 12/16/2008 12/15/2008 12/15/2008
SDG G1040-7 G1040-7 G1040-4 G1040-4

Dioxins in ng/kg-wet wt.
2,3,7,8-TCDD 0.107 U 0.107 U 0.117 U 0.108 U
1,2,3,7,8-PeCDD 0.25 U 0.25 U 0.272 U 0.252 U
1,2,3,4,7,8-HxCDD 0.367 U 0.367 U 0.399 U 0.37 U
1,2,3,6,7,8-HxCDD 0.387 U 0.387 U 0.421 U 0.391 U
1,2,3,7,8,9-HxCDD 0.212 U 0.212 U 0.231 U 0.214 U
1,2,3,4,6,7,8-HpCDD 0.387 U 0.387 U 0.421 U 0.391 U
OCDD 1.51 T 1.05 T 0.816 U 1.78 T
2,3,7,8-TCDF 0.102 U 0.102 U 0.111 U 0.375 T
1,2,3,7,8-PeCDF 0.288 U 0.288 U 0.313 U 0.29 U
2,3,4,7,8-PeCDF 0.235 U 0.235 U 0.256 U 0.237 U
1,2,3,4,7,8-HxCDF 0.517 U 0.517 U 0.563 U 0.522 U
1,2,3,6,7,8-HxCDF 0.124 U 0.124 U 0.135 U 0.125 U
1,2,3,7,8,9-HxCDF 0.239 U 0.239 U 0.26 U 0.241 U
2,3,4,6,7,8-HxCDF 0.282 U 0.282 U 0.307 U 0.285 U
1,2,3,4,6,7,8-HpCDF 0.517 U 0.517 U 0.562 U 0.521 U
1,2,3,4,7,8,9-HpCDF 0.535 U 0.535 U 0.582 U 0.54 U
OCDF 0.666 U 0.666 U 0.725 U 0.672 U
Total TCDD 0.107 U 0.107 U 0.117 U 0.108 U
Total PeCDD 0.25 U 0.25 U 0.272 U 0.252 U
Total HxCDD 0.212 U 0.212 U 0.231 U 0.214 U
Total HpCDD 0.528 T 0.387 U 0.421 U 0.735 T
Total TCDF 0.102 UJ 0.102 U 0.111 UJ 0.375 JT
Total PeCDF 0.235 U 0.235 U 0.256 U 0.264 T
Total HxCDF 0.124 U 0.124 U 0.135 U 0.125 U
Total HpCDF 0.517 U 0.517 U 0.562 U 0.521 U
TEQ (ND=0) 0.00045 0.00032 0.000 0.038
TEQ (ND=½) 0.337 0.337 0.367 0.373

U = Not detected at reporting limit indicated.
J = Estimated value.
T = Value is between the MDL and MRL.
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Table 13 - Conventional Sediment Parameter Concentrations Compared to Mytilus and Neanthes Test Results

Sample
Location

Total 
Solids

Percent
Fines

TOC
in percent

TVS
in percent

TVS/TOC
Ratio

NH3
in mg/Kg

Sulfide
in mg/Kg

Resin 
Acids

in ug/kg

Larval Percent 
Abnormality and 

Mortalityb

Decreased 
Growth 

Percentb

Geo-3 70.9% 18% 1.78% 1.74% 0.98 10.4 114 900
SS-08 33.9% 85% 3.93% 10.43% 2.65 24.3 485 1410 10.5 4.8
SS-14A 72.9% 21% 1.46% 2.00% 1.37 3.52 125 1830
SS-15 32.2% 86% 3.46% 10.24% 2.96 22.5 243 780 12.7 25.0
SS-16 27.2% 87% 2.65% 9.19% 3.53 53.6 1060 430 14.4 19.2
SS-18 35.8% 82% 2.49% 8.78% 3.53 3.05 113 620 22.7 32.7
SS-20 43.1% 81% 3.65% 6.67% 1.83 7.66 158 650 11.4 -7.0
SS-21A 81.8% 8% 1.33% 2.36% 1.77 3.26 71.6 1410
SS-21B 45.4% 45% 3.02% 11.22% 3.72 7.75 468 3410 31.9a 29.8
SS-22 31.5% 82% 3.21% 9.29% 2.89 34.9 640 710 38.9 14.4
SS-29 70.6% 17% 1.83% 3.11% 1.70 2.75 167 1870
SS-29A 37.9% 57% 4.73% 12.68% 2.68 16.3 419 1840 22.7a 26.0
SS-30 35.4% 74% 3.65% 8.89% 2.44 12.3 697 660 24.0 40.4
SS-31 38.8% 76% 2.23% 8.96% 4.02 5.37 608 670 24.9 24.0
SS-33 39.9% 76% 2.41% 8.41% 3.49 12.1 372 640 19.2 34.6
SS-35 34.2% 81% 2.52% 8.62% 3.42 26.4 459 370 16.2 18.3
SS-38 59.6% 20% 2.00% 2.38% 1.19 3.85 142 1200
SS-38A 42.7% 64% 3.40% 5.70% 1.68 4.11 382 790 33.2a 27.9
SS-39 35.6% 73% 2.98% 8.81% 2.96 14.6 693 650 30.6 31.7
SS-40 39.2% 68% 2.99% 9.09% 3.04 6.81 1120 1100 31.4 37.5
SS-42 40.5% 72% 2.11% 8.12% 3.85 5.7 1060 1500 44.1 26.0
SS-44 36.4% 70% 2.67% 8.14% 3.05 9.37 691 1970 19.4 27.4
SS-45 35.4% 85% 2.85% 7.60% 2.67 39.9 685 8470 13.3 16.0
SS-46 72.2% 19% 1.27% 1.88% 1.48 2.83 228 3930
SS-47 64.5% 24% 2.39% 3.80% 1.59 6.05 281 4800 19.7 -8.0
SS-47A 57.9% 50% 1.84% 3.84% 2.09 4.84 462 8930
SS-51 41.7% 69% 2.24% 7.49% 3.34 8.43 775 13770 15.7 17.0
SS-53 46.0% 67% 2.50% 6.34% 2.54 4.81 709 7660 19.8 20.8
SS-54 49.5% 70% 1.78% 5.60% 3.15 9.26 667 8260 42.7 23.6
SS-55 72.4% 33% 0.88% 1.97% 2.24 4.39 176 2070
SS-56 70.5% 23% 1.64% 1.76% 1.07 4.04 212 2660 36.9 -17.0
SS-58 32.8% 68% 3.14% 8.75% 2.79 22.7 524 7330 12.9 21.7
SS-61 67.9% 27% 1.82% 2.55% 1.40 3.59 245 3130
SS-62 78.8% 6% 0.70% 1.06% 1.52 7.08 79.4 1610 -20.0 -20.0
SS-62A 75.0% 29% 1.07% 1.94% 1.81 8.86 176 4090
SS-62B 67.8% 33% 1.31% 2.56% 1.95 6.24 155 4020
SS-63 67.9% 14% 1.99% 2.87% 1.44 3.95 235 3320 9.3 15.2
SS-64 64.3% 39% 2.36% 2.95% 1.25 5.02 278 3180 30.6 16.2
SS-67 68.5% 26% 1.75% 2.32% 1.33 4.54 21.4 2600 7.4 -9.0
SS-68 74.2% 14% 1.30% 1.45% 1.12 3.27 16.1 1840
SS-69 84.2% 25% 0.96% 1.95% 2.04 3.71 24.4 3110
SS-70 71.6% 21% 1.54% 2.15% 1.40 4.01 24.7 2150
SS-71 74.7% 11% 1.57% 1.53% 0.97 3.46 67.5 960
SS-73 75.3% 8% 1.00% 1.28% 1.28 2.72 43.4 920 -8.0 -17.0
SS-75 79.1% 4% 0.48% 0.84% 1.77 3.49 19.6 550 -7.0 -6.0
SS-77 66.0% 31% 1.88% 3.10% 1.65 5.65 171 1640
SS-77A 68.2% 22% 2.38% 3.16% 1.33 3.65 210 1820 -5.0 9.3
SS-78 78.9% 9% 1.53% 1.46% 0.95 8.26 10.6 770
SS-80 82.1% 1% 2.85% 0.78% 0.27 2.35 0 620
SS-82 75.6% 5% 0.88% 1.00% 1.14 3.2 40.4 1400
SS-83 71.1% 8% 1.87% 2.34% 1.25 6.11 136 1820
SS-92 66.7% 22% 3.01% 4.22% 1.40 7.07 547 4980 2.5 -3.0

Blank indicates no measurement or data ND - not detected
Bold indicates test failed SQS Box indicates test failed CSL
a - reference failed performance criteria; results compared to alternate reference or control.
b - More positive values indicate higher mortality or lower growth compared to reference.
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APPENDIX B-1 
CHEMICAL DATA QUALITY REVIEW AND 
CERTIFICATES OF ANALYSIS 
 
Chemical Data Quality Review for Sediment Samples 

Fifty-two surface sediment samples and four sediment core samples were 
collected from Port Gamble Bay on December 3, 4, 5, 8, 9, and 10, 2008.  The 
samples were submitted to Analytical Resources, Inc. (ARI), in Tukwila, WA for 
analysis.  Samples for dioxins/furans were subcontracted to SGS Environmental 
in Wilmington, NC.  Sample identifications, laboratory job numbers, and 
analytical tests are summarized in Table 2. 

The samples were received at the laboratory with temperatures ranging from 
0.2oC to 6oC.  As sediment samples were frozen upon arrival, no results were 
qualified. 

Quality assurance/quality control (QA/QC) reviews of laboratory procedures 
were performed on an ongoing basis by the laboratory.  Hart Crowser 
performed the data review, using laboratory quality control results summary 
sheets and raw data, as required, to ensure they met data quality objectives for 
the project.  Data review followed the format outlined in the National Functional 
Guidelines for Organic Data Review (EPA 1999) and the National Functional 
Guidelines for Inorganic Data Review (EPA 2004) modified to include specific 
criteria of the individual analytical methods.  The following criteria were 
evaluated in the standard data quality review process: 

 Holding times; 
 Method blanks; 
 Surrogate recoveries; 
 Laboratory control sample/laboratory control sample duplicate (LCS/LCSD) 

recoveries; 
 Matrix spike/matrix spike duplicate (MS/MSD) recoveries; 
 Laboratory duplicate relative percent differences (RPDs); 
 Internal standard (IS) recoveries (where applicable);  
 Calibration criteria (where applicable); and 
 Reporting limits (RL). 

The majority of the data were determined to be acceptable for use, as qualified.  
Several resin acid results were rejected due to failing LCS recoveries.  Full 
laboratory results are presented at the end of this appendix.  Results of the data 
reviews, organized by analysis class, follow. 
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Polychlorinated Biphenyls (PCBs) 

Analytical Methods 

The samples were extracted and the extracts were acid and sulfur cleaned.  The 
samples were analyzed by gas chromatography with an electron capture 
detector (GC/ECD) following EPA Method 8082. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits for frozen 
samples. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for moisture 
content and any required dilution factors.  The reporting limits for Aroclor 1232 
was elevated in PGSS-8 due to matrix interferences.  The reporting limit for 
Aroclor 1221 was elevated in PGSS-58 due to matrix interferences.  The 
laboratory “Y” qualifier was changed to “U.” 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Surrogate Recovery 

Surrogate recoveries were within laboratory control limits. 

Laboratory Control Sample (LCS) Recovery 

Laboratory control sample recoveries were within laboratory control limits. 

Matrix Spike (MS) Recovery 

MS and MSD recoveries were within laboratory control limits. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 
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Resin Acids 

Analytical Methods 

The samples were extracted for resin acids by EPA Method 3550B (sonication) 
following PSEP modifications to attain lower reporting limits.  The samples were 
analyzed by gas chromatography/mass spectrometry (GC/MS) following EPA 
Method 8270D. 

Sample Holding Times 

The samples were prepared and analyzed within the holding time limits of 6 
months for frozen samples. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for moisture 
content and any required dilution factors.  Detections that fell between the 
reporting limit and the MDL were qualified by the laboratory as “J.”  The 
laboratory “J” qualifier was changed to “T” to be consistent with Ecology’s EIM 
database. 

The result for abietic acid in PGSS-83 was qualified by the laboratory due to low 
spectral match parameters.  The laboratory “M” qualifier was changed to “J.” 

Blank Contamination 

The method blanks were non-detect. 

Surrogate Recovery 

Surrogate recoveries were within laboratory control limits. 

Laboratory Control Sample (LCS) Recovery 

Default laboratory control limits of 30 to 160 percent were used for the majority 
of resin acids.  LCS/LCSD recoveries that fell below 10 percent led to 
qualification of the associated sample results as rejected (R).  LCS/LCSD 
recoveries that were around 10 percent (e.g., 9 to 11 percent) led to 
qualification of the associated sample results as estimated (J) as insufficient data 
are available to determine valid laboratory control limits. 
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Laboratory control sample recoveries were within default laboratory control 
limits with the following exceptions: 

 For LCS-121708, the recoveries for neoabietic acid were below the default 
control limits in the LCS and LCSD.  Results for neoabietic acid in the 
associated samples, (PGSS-44, PGSS-71, PGSS-73, PGSS-75, PGSS-77, PGSS-
77A, PGSS-78, PGSS-80, PGSS-82, PGSS-83, and PGSS-92), were qualified as 
estimated (J). 

 For LCS-121808, the recoveries for neoabietic acid were below the default 
control limits in the LCS and LCSD.  The results for neoabietic acid in the 
associated samples (PGSS-8, PGSS-14A, PGSS-15, PGSS-16, PGSS-18, PGSS-
20, PGSS-22, PGSS-21B, PGSS-21A, PGSS-29, PGSS-29A, PGSS-30, PGSS-31, 
PGSS-33, PGSS-35, PGSS-38, PGSS-38A, PGSS-39, PGSS-40, and PGSS-42) 
were qualified as estimated (J). 

 For LCS-122008, the recoveries for dehydroabietic acid exceeded the 
control limit in the LCSD, but were within the control limit in the LCS.  
Results for dehydroabietic acid were not qualified.  The recoveries for 
neoabietic acid were below 10 percent in the LCS and LCSD.  The results for 
neoabietic acid in the associated samples (PGSS-45, PGSS-46, PGSS-47, 
PGSS-51, PGSS-47A, PGSS-53, PGSS-54, PGSS-55, PGSS-56, PGSS-58, PGSS-
61, PGSS-62, PGSS-62A, PGSS-62B, PGSS-63, PGSS-64, PGSS-67, PGSS-68, 
PGSS-69, and PGSS-70) were rejected (R). 

 For LCS-011409, palustric acid did not recover in the LCS and LCSD.  The 
result for palustric acid in the associated sample, PGSS-GEO-3, was rejected 
(R).  The recoveries for neoabietic acid were below 10 percent in the LCS 
and LCSD.  The result for neoabietic acid in the associated sample, PGSS-
GEO-3, was rejected (R).  The recoveries for abietic acid exceeded 300 
percent in the LCS and LCSD.  Results in the associated sample, PGSS-GEO-
3, were non-detect and no qualification was made. 

Matrix Spike (MS) Recovery 

The MS recovery were within default laboratory control limits with the following 
exceptions: 

 For PGSS-70 MS/MSD, palustric acid did not recover in the MS/MSD.  
Neoabietic acid recovered below 10 percent in the MS and MSD.  
Dehydroabietic acid exceeded control limits in the MSD, within control 
limits in the MS.  Oleic acid exceeded the Marginal Exceedance (ME) limits 
in the MSD due to high levels in the source sample; oleic acid recovery in 
the MS was within control limits.  Results for palustric acid were qualified as 
estimated in the source sample, as results were within control limits in the 
LCS and LCSD.  Results for neoabietic acid were rejected (R) due to failing 
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LCS and LCSD recoveries.  Results for dehydroabietic acid and oleic acid 
were not qualified. 

 For PGSS-80 MS/MSD, palustric acid did not recover in the MS and MSD.  
Neoabietic acid recovered below 10 percent in the MS and MSD.  The 
results for palustric acid in PGSS-80 were qualified as estimated (J), as results 
were within control limits in the LCS and LCSD.  The results for neoabietic 
acid in PGSS-80 were qualified as estimated (J) due to low recoveries in the 
LCS and LCSD. 

 For PGSS-GEO-3 MS/MSD, palustric acid and neoabietic acid did not 
recover in the MS or MSD.  The results for palustric acid and neoabietic acid 
in PGSS-GEO-3 were rejected (R) due to failing LCS and LCSD recoveries. 

 For PGSS-21A, palustric acid did not recover in the MS or MSD.  Neoabietic 
acid recovered below 10 percent in the MS and MSD.  Oleic acid was 
below the control limits in the MSD, within control limits in the MS.  Linoleic 
acid were below the control limits in the MS, within control limits in the 
MSD.  The results for palustric acid and neoabietic acid in PGSS-21A were 
qualified as estimated (J).  Results for oleic acid and linoleic acid were not 
qualified. 

Internal Standards (IS) Recovery 

Internal standards were within acceptance criteria. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves were within acceptance criteria.  The CCVs were 
within acceptance criteria with the following exceptions: 

Semivolatile Organic Compounds (SVOCs) 

Analytical Methods 

The samples were extracted by EPA Method 3550B (sonication) following PSEP 
modifications to attain lower reporting limits.  The samples were analyzed by 
GC/MS following EPA Method 8270D.  The target analytes guaiacol and retene 
were determined concurrently with samples analyzed for SMS SVOC 
compounds. 

Sample Holding Times 

The samples were prepared and analyzed within the holding time limits of 6 
months for frozen samples. 



   
Page B-1-6  Hart Crowser 
  17330-14  February 11, 2011 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for moisture 
content and any required dilution factors.  Detections that fell between the 
reporting limit and the MDL were qualified by the laboratory as “J.”  The 
laboratory “J” qualifier was changed to “T” to be consistent with Ecology’s EIM 
database. 

Blank Contamination 

The method blanks were non-detect. 

Surrogate Recovery 

Surrogate recoveries were within laboratory control limits with the following 
exception: 

 PGSS-GEO-3.  The surrogate d14-p-terphenyl exceeded the control limit, but 
fell within 20 percent of the true value.  Other surrogates were within 
control, and no results were qualified. 

Laboratory Control Sample (LCS) Recovery 

Laboratory control sample recoveries were within laboratory control limits with 
the following exception: 

 For LCS-011509 for SVOCs, the recovery for benzyl alcohol was below the 
control limits in the LCSD.  The recovery was within control limits in the LCS, 
and results were not qualified. 

Matrix Spike (MS) Recovery 

The MS were within laboratory control limits. 

Internal Standards (IS) Recovery 

Internal standards were within acceptance criteria. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 
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Total Metals 

Analytical Methods 

Sediment samples for mercury were prepared and analyzed following EPA 
Method 7471A.  Sediment samples for arsenic, cadmium, chromium, copper, 
lead, silver, and zinc were analyzed following EPA Method 6010B. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits with the 
following exceptions.  Samples PGSS-8, PGSS-22, PGSS-51, PGSS-64, PGSS-73, 
PGSS-75, PGSS-77A, PGSS-80, PGSS-GEO-3, and PGSS-92 were prepared and 
analyzed for mercury past the 28-day method holding time.  Mercury results for 
those samples were qualified as estimated (J). 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for moisture 
content and any required dilution factors. 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Laboratory Control Sample (LCS) Recovery 

Laboratory control sample recoveries were within QC limits of 80 to 120 
percent. 

Matrix Spike (MS) Recovery 

Matrix spike recoveries met QC limits of 75 to 125 percent. 

Laboratory Duplicate Sample Analysis 

The RPD between replicate measurements met QC limits. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 



   
Page B-1-8  Hart Crowser 
  17330-14  February 11, 2011 

Conventional Sediment Parameters 

Analytical Methods 

Total solids and total preserved solids were determined by modified EPA 
Method 160.3.  Total volatile solids (TVS) was determined by EPA Method 
160.4.  Total organic carbon (TOC) was determined by Plumb (1981).  
Ammonia, as nitrogen, was determined by EPA Method 350.1 modified.  Sulfide 
was determined by EPA Method 376.2. 

Sample Holding Times 

The samples met holding time limits for total solids, total preserved solids, TOC, 
TVS, ammonia, and sulfide with the following exceptions. 

 Sample PGSS-GEO-3 was prepared and analyzed past the holding time for 
ammonia and sulfide.  Results for ammonia and sulfide in PGSS-GEO-3 were 
qualified as estimated (J). 

The preservative zinc acetate was added to samples Station 42 S-1, Station 42 S-
2, Station 42 S-3, and Station 42 S-4 one day after collection.  Sample results 
were not qualified, as distillation started within holding time. 

Laboratory Detection Limits 

Reported detection limits were acceptable.  Reported detection limits and 
analytical results were adjusted for moisture content and any required dilution 
factors. 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Laboratory Control Sample (LCS) Recovery 

LCS recoveries for sulfide and TOC were within QC limits. 

Matrix Spike (MS) Recovery 

MS recoveries for ammonia, sulfide and TOC were within QC limits with the 
following exception. 
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 MS recovery for sulfide was below QC limits for PGSS-45 due to matrix 
effects.  The sample was prepared three times with similar results.  The result 
for sulfide in PGSS-45 was qualified as estimated (J). 

Laboratory Replicate Sample Analysis 

The RPD between replicate measurements met quality control limits for total 
solids, total preserved solids, TVS, ammonia, sulfide, and TOC with the following 
exceptions. 

 The RPD for TOC for Station 42 S-1 exceeded the control limits.  TOC results 
in Station 42 S-1 were qualified as estimated (J). 

 The RPD for sulfide for PGSS-8 exceeded the control limits.  Sulfide results in 
PGSS-8 were qualified as estimated (J). 

 The RPD for sulfide for PGSS-71 exceeded the control limits.  Sulfide results 
in PGSS-71 were qualified as estimated (J). 

Standard Reference Material (SRM) Recovery 

SRM recoveries for ammonia and TOC were within QC limits. 

Dioxins/Furans 

Analytical Methods 

Sediment samples for dioxins/furans analysis were prepared and analyzed by 
EPA Method 1613. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for moisture 
content and any required dilution factors.  Detections that fell between the 
reporting limit and the MDL were qualified by the laboratory as “J.”  The 
laboratory “J” qualifier was changed to “T” to be consistent with Ecology’s EIM 
database. 

Blank Contamination 

The method blank was non-detect. 
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Surrogate Recovery 

Surrogate recoveries were within QC limits. 

Ongoing Precision Result/Laboratory Control Sample Recovery 

OPR/LCS recoveries were within QC limits. 

Internal Standard (IS) Recoveries 

IS recoveries were within QC limits. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 

Samples PGSS-8, PGSS-22, PGSS-51, PGSS-64, PGSS-73, PGSS-75, PGSS-77A, 
PGSS-GEO-3, and PGSS-92 had the Total TCDF and/or Total PeCDF qualified by 
the laboratory due to peaks that could cause false positives.  The results were 
reported by the laboratory and flagged as “DPE.”  The DPE qualifier was 
removed and the results were qualified as estimated (J). 

Samples PGSS-8, PGSS-22, PGSS-51, PGSS-64, PGSS-73, PGSS-75, and PGSS-92 
had the Total PeCDD, Total TCDF, and/or Total PeCDF qualified by the 
laboratory due to interference.  The results were reported by the laboratory and 
flagged as “Q.”  The Q qualifier was removed and the results were qualified as 
estimated (J). 

J:\Jobs\1733014\RI Report\Final Port Gamble RI Report.doc 
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APPENDIX B-2 
CHEMICAL DATA QUALITY REVIEW AND 
CERTIFICATES OF ANALYSIS 
 
Chemical Data Quality Review for Reference Samples 

Three surface sediment samples were collected from Carr Inlet on January 9, 
2009.  The samples were submitted to Analytical Resources, Inc., (ARI) in 
Tukwila, WA for analysis.  Sample identifications, laboratory job numbers, and 
analytical tests are summarized in Table 2. 

The samples were received at the laboratory with temperatures ranging from 
0.2oC to 6oC.  As sediment samples were frozen upon arrival, no results were 
qualified. 

Quality assurance/quality control (QA/QC) reviews of laboratory procedures 
were performed on an ongoing basis by the laboratory.  Hart Crowser 
performed the data review, using laboratory quality control results summary 
sheets and raw data, as required, to ensure they met data quality objectives for 
the project.  Data review followed the format outlined in the National Functional 
Guidelines for Inorganic Data Review (EPA 2004) modified to include specific 
criteria of the individual analytical methods.  The following criteria were 
evaluated in the standard data quality review process: 

 Holding times; 
 Method blanks; 
 Laboratory control sample/laboratory control sample duplicate (LCS/LCSD) 

recoveries; 
 Matrix spike/matrix spike duplicate (MS/MSD) recoveries; 
 Laboratory duplicate relative percent differences (RPDs); and 
 Reporting limits (RL). 

The data were determined to be acceptable for use without qualification.  Full 
laboratory results are presented at the end of this appendix.  Results of the data 
review follows. 

Conventional Sediment Analyses 

Analytical Methods 

Total solids and total preserved solids were determined by EPA Method 160.3 
modified.  Total volatile solids (TVS) were determined by EPA Method 160.4.  
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Ammonia was determined by EPA Method 350.1.  Total sulfide was determined 
by EPA Method 376.2.  TOC was determined by Plumb (1981). 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits. 

Laboratory Detection Limits 

Reported detection limits were acceptable.  Reported detection limits and 
analytical results were adjusted for moisture content and any required dilution 
factors. 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Laboratory Control Sample (LCS) Recovery 

LCS recoveries for sulfide and TOC were within QC limits. 

Matrix Spike (MS) Recovery 

MS recoveries for ammonia, sulfide, and TOC were within QC limits. 

Laboratory Replicate Sample Analysis 

The RPD between replicate measurements met QC limits for total solids, total 
preserved solids, TVS, ammonia, sulfide, and TOC. 

Standard Reference Material (SRM) Recovery 

SRM recovery for ammonia and TOC were within QC limits. 

J:\Jobs\1733014\RI Report\Final Port Gamble RI Report.doc 
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APPENDIX B-3  
CHEMICAL DATA QUALITY REVIEW AND 
CERTIFICATES OF ANALYSIS 
 
Chemical Data Quality Review for Biota 

Clams, oysters, geoducks, and crabs were collected from Port Gamble Bay on 
December 15, 16, and 23, 2008.  The samples were submitted to Analytical 
Resources, Inc. (ARI), in Tukwila, WA for tissue preparation and chemical 
analysis.  Tissue samples were subcontracted to SGS Environmental of 
Wilmington, NC for dioxin/furan analyses.  Sample identifications, laboratory job 
numbers, and analytical tests are summarized in Table 2. 

The samples were received at the laboratory alive.  Following tissue preparation, 
including compositing and homogenization, the samples were frozen prior to 
analysis. 

Quality assurance/quality control (QA/QC) reviews of laboratory procedures 
were performed on an ongoing basis by the laboratory.  Hart Crowser 
performed the data review, using laboratory quality control results summary 
sheets and raw data, as required, to ensure they met data quality objectives for 
the project.  Data review followed the format outlined in the National Functional 
Guidelines for Organic Data Review (EPA 1999) and the National Functional 
Guidelines for Inorganic Data Review (EPA 2004) modified to include specific 
criteria of the individual analytical methods.  The following criteria were 
evaluated in the standard data quality review process: 

 Holding times; 
 Method blanks; 
 Surrogate recoveries; 
 Laboratory control sample/laboratory control sample duplicate (LCS/LCSD) 

recoveries; 
 Internal standard (IS) recoveries (where applicable); 
 Calibration criteria (where applicable); and 
 Reporting limits (RL). 

The data were determined to be acceptable for use, as qualified.  Full laboratory 
results are presented at the end of this appendix.  Results of the data reviews, 
organized by analysis class, follow. 
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Polychlorinated Biphenyls (PCBs) 

Analytical Methods 

The tissue samples were extracted and the extracts were acid cleaned.  The 
samples were analyzed by gas chromatography with an electron capture 
detector (GC/ECD) following EPA Method 8082. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits for frozen 
samples. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for any required 
dilution factors.  The reporting limits for Aroclor 1254 was elevated in Crab1-A 
Pan2 due to matrix interferences.  The reporting limit for Aroclor 1248 was 
elevated in Clam #1A due to matrix interferences.  The laboratory “Y” qualifier 
was changed to “U.” 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Surrogate Recovery 

Surrogate recoveries were within laboratory control limits. 

Laboratory Control Sample (LCS) Recovery 

Laboratory control sample recoveries were within laboratory control limits. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 
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Total Metals 

Analytical Methods 

Tissue samples for mercury were prepared and analyzed by EPA Method 7471A.  
Tissue samples for arsenic, cadmium, chromium, copper, lead, silver, and zinc 
were analyzed by EPA Method 6010B. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for any required 
dilution factors. 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Laboratory Control Sample (LCS) Recovery 

Laboratory control sample recoveries were within QC limits of 80 to 120 
percent. 

Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 

Percent Lipids 

Analytical Methods 

Percent lipids were determined following the Bligh and Dyer method. 

Sample Holding Times 

The samples met holding time limits. 
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Laboratory Detection Limits 

Reported detection limits were acceptable. 

Blank Contamination 

No target analytes were detected in laboratory blanks. 

Dioxins/Furans 

Analytical Methods 

Tissue samples for dioxins/furans were prepared and analyzed by EPA Method 
1613. 

Sample Holding Times 

The samples were prepared and analyzed within holding time limits. 

Laboratory Detection Limits 

Reported detection limits and analytical results were adjusted for any required 
dilution factors.  Detections that fell between the reporting limit and the MDL 
were qualified by the laboratory as “J.”  The laboratory “J” qualifier was changed 
to “T” to be consistent with Ecology’s EIM database. 

Blank Contamination 

The method blank was non-detect. 

Surrogate Recovery 

Surrogate recoveries were within QC limits. 

Ongoing Precision Result/Laboratory Control Sample Recovery 

OPR/LCS recoveries were within QC limits. 

Internal Standard (IS) Recoveries 

IS recoveries were within QC limits. 
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Initial Calibration Curves and Continuing Calibration Verification 
Checks (CCVs) 

The initial calibration curves and CCVs were within acceptance criteria. 

Samples Oyster #1A, Oyster #2A, Crab1-A Meat, Crab1-A Pan2, and GD Station 
#2A had the Total TCDF qualified by the laboratory due to peaks that could 
cause false positives.  The results were reported by the laboratory and flagged as 
“DPE.”  The DPE qualifier was removed and the results were qualified as 
estimated (J). 

J:\Jobs\1733014\RI Report\Final Port Gamble RI Report.doc 
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CERTIFICATES OF ANALYSIS 
ANALYTICAL RESOURCES, INC. 

SGS ENVIRONMENTAL 
 

(see attached DVD) 
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Analytical Chemists and Consultants

- February 26,2009

Mr. Roger McGinnis
Hart Crowser, Inc.
1700 Westlake Avenue North Suite 200
Seattle. WA 98109-3056

RE: Project: Port Gamble, 17330-14
ARI Job No.: OH01

Dear Mr. McGinnis:

Please find enclosed the original Chain-of-Custody (COC) records, sample receipt documentation,
and the frnal data package for the samples from the project referenced above.

The samples were analyzedfor Grain Size, select Conventionals, PCBs, SVOCs, Resin Acids,
Total Metals and Dioxin and Furans, as requested.

Sample receipt and details of these analyses are discussed in the Case Narrative.

An electlonic copy of this data package and the supporting data will remain on file with ARL If
you have any questions or require additional information, please contact me at your convenience.

Respectfully,

^WCES, INC

KellyBflttem
Client Services Manaqer
206-695-6211
kel lyb(LDari labs. c or:rr

wwu'.arilabs.com

Enclosures

cc: files OH01

KB/co

4611 South 134th Place, Suite 100. TukwilaWA98168.206-695-62OO.206-695-6201 fax
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dnal,ytical. Resources, Incorporated.
Analytical Chemists and Consultants Co,o,ler Receipt Form

Proiect Name:

Delivered Ort

Tirne: IZLS

YEs @
@No
4$No

lt rl.u,l.b"c

ARI Client

COC tlo:

Ass(pedAftt Job No: Trackiag No:

Prelirnin'ary Examinati on Phase:

Wereintac! properly signed and dated custody seals attached to the outside of to cooler?
Were cwstody papers included with the cooler?
Were crjstod.y papers-properly fifled out (ink. sigrred, etc-)
Reqord aooter ternperature (recommended 2.0-6.0 "c fbr crremistrlD.&r:A-,tlr.l,7r\r40,

Cooler,AcqepGd by: Date: l--------------t-

Complete custody forms and a,ttaeh alt shipping documents

,7,o ;t.z-
Jr+

Lqg-ln Phase:

Was a tertiperatur.e blank included in the cooler?
What kind of packing material was used?
Was sufFreien{ice used (if appropriale)?
Were all bottles seated in individual plastic bags?
Did aftbottlearrive in good condition (unbroken)?
Were all ttottle labels complete and legible?
Did afl bottelabels and tags agree with custody papers? _-.--!-----_.
Were altbottle5 used correct for the requested analyses?

YES

YES

@No
Samdes teggredb}t l5(- , B.!". tlq (8- rrme- ' ltbt)

*.* Notifyr Froject Manag.eq of:diserepaacies.or concer,ns *

NO

No
N-o

NO/-1(NO )
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Revision (X)8)016F Cooler Receipt Form
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ANALYTICAL
RESOURCES
INCORPORATED

Case Narrative
Hart Crowser
Port Gamble, 17330-14
ARI Job: OH01
February 26,2009

Sample Receipt

Analytical Resources hc. (ARI) accepted seven sediment samples in good condition on December
11, 2008 under the ARI job number OH01. The cooler temperatures measured by IR thermometer
following ARI SOP ranged between -2.0 and 2.0oC and the samples were well iced. Please note
that several sample containers were archived up receipt as requested on the COC. All samples were
frozen to protect holding times. For further detail regarding sample receipt, please refer to the
Cooer Receipt Form. The original analyses are reported under ARI SDG OD93. The Microtox data
is reported in its own data package.

Resin Acids and SVOCs bv Method 8270D:

The samples were extracted and analyzed within the method recommended holding times.

Initial calibration(s): All compounds of interest were within method acceptance critena.

Continuing calibration(s): Are in control.

Samples: There were no anomalies associated with these samples.

Surrogates: The surrogate TPH is out of control high for PGSS-GEO-3. A11 other surrogate
recoveries were in control and no further corrective action was taken.

LCS/LCSD(s): The LCS and LCSD percent recoveries of Neoabietic Acid, Palustric and Abietic
Acid fell outside the advisory control limits for the LCS-1/27/09 analysis. All samples were
undetected for this compound. No further corrective action is required for these outliers as the
control limits are advisory.

Method Blank: The method blanks were free of contamination.

MS/1VISD(s): Several matrix spike and matrix spike duplicate percent recoveries fell outside the
advisory control limits for sample PGSS-GEO-3. No further corrective action is required for these
outliers as the control limits are advisorv.

PCBs bv Method 8082:

The samples were extracted and analyzed within the method recommended holding times.

Initial calibration(s): All compounds of interest were within method acceptance criteria.

Continuing calibration(s): Are in control.

Samples: There were no anomalies associated with these samples.

Case Narrative OH01
Port Gamble, 17330-14 | of 2
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ANALYTICAL
RESOURGES
INCORPORATED

Case Narrative
Hart Crowser
Port Gamble, 17330-14
ARI Job: OHOl
February 26,2009

Surrogates: Are in control.

LCS/LCSD(s): Are in control.

Method Blank: The method blanks were free of contamination.

Total Metals 6010 and 7000 Series:

The samples were digested and analyzed within the method recommended holding times.

Initial calibration(s): All compounds of interest were within method acceptance criteria.

Continuing calibration(s): Are in control.

Samples: There were no anomalies associated with these samples.

LCS: Is in control.

Method Blank: The method blanks were free of contamination.

Conventional Parameters:

All samples were prepared and analyzed on within the method recommended holding times for
frozen samples with the exception of sample PGSS-GEO-3 which was analyzed outside of the
method recommended holding time for ammonia and sulfide.

Initial calibration(s): All analytes were within method acceptance criteria.

Continuing calibration(s): All analytes of interest were within method acceptance criteria.

Method Blank(s): The method blanks are free of contamination.

LCS(s): All LCS percent recoveries were within control limits.

SRM(s): Al1 SRM percent recoveries were within conhol limits.

Grain Size: The grain size analysis and case narrative are included in this data package.

Dioxin/ Furans: Are included in this data package.

Case Narrative OH0l
Port Gamble. 17330-14 ', ^i ',
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Jl EAnalytical Resources, I ncorporated
-aU Analytical Chemists and Consultants

Approved by:
Title:

Client: Hart Crowser, Inc. ARI Project No.: OH01

Client Proiect: Port Gamble Client Proiect No.: 17330-14

1.

2.

3.
4.
5.

Case Narrative

Two samples were submitted for grain size analysis according
Estuary Protocol (PSEP) methodology on January 9, 2009.
The samples were run in a single batch and one sample from
chosen for triplicate analysis. The triplicate data is reported on the
Sample PGSS-92 contained shell fragments.
The data is provided in summary tables and plots.
There were no other noted anomalies in this project.

to Puget Sound

another job was
QA summary.

Date: ,a, :7 t,

4611 South 134th Place, Suite 100 . Tukwila WA 981 68 . 2O6-695-6200 q3$frffi$5.6ffi1ffiffi"-



Inorganic Data

Data Reporting eualifiers
Effective 12t2BtO4

u Indicates that the target analyte was not detected at the reported concentration* D'pricate RpD is not within estabtished controtimits
B Reported varue is ress than the .RDL but > the Reporting Limit
N Matrix Spike recovery not within estabrished contror rimits

NA Not Appficable, anafyte not spiked

H The natural concentration of the spiked elernent is so much greater than theconcentration spiked that an accurate deterrnination of spike recovery is notpossible

Analyte concentration is <5 times the Reporting Limit and the repticate control limildefaufts to +1 RL instead of the normat 2Oo/" RpD

Organic Data

u Indicates that the target anatyte was not detected at the reported concentration
' Fragged varue is not within estabrished contror rimits

B Analyte detected in an assocr'ated Method Brank at a concentration greater than
ff;::1flffit["3."#ins Limit "' s"z" 

"] tne resuratory rimit or S%o"itn. ,r,Jvt"

J Estimated concentration when the value is less than ARl's established reporting

D The spiked compound was not detecled due to sample extract dilution
NR spiked.compound recovery is not reported due to chromatographic interference
E Estimated concentration calculated for an analle response above the vafidinstrument catibration range- A dirution is required ro obtain an accuratequantification of the anatytel

s Indicates an anatyte response that has sattrrated the detector- The calculated
#ffi:tration 

is not vatid; a dilution i" '.qri.J;;;;r";;;';r"ntiricarion or the

NA The flagged anatle was not anatyzed for

NS The flagged anatyte was not spiked into the sample

E*}E*iEiE *B s.-R.ffi.#dBE
eJd uw,e ' w@we@w



M Estimated vafue for an analyte detected and confirme-d by an anaryst but with rowspectrar match paramerers_ This n"g;;;;;; onry for cc_fus a.,atyses
M2 The samPle contains PcB c€ngeners that- do not match any standard Arocrorpattern- The PCBs are identifi"d""J q.r".,i,n.o 

". ,t" aro.b? wnose paftern mostcfosery matches that of the sampte- The i"oon.o vafue is an estimate-N 
ffi"*:'[;':f::,"::.1?fJHffi.:f; anaryre ror which rhere is presumprive

Y 
ffi :Tf:"''J:',S"f;:ie!:ffiiffi,:?:l"rorred concentral,"" 

Ins reportins
u ftag with a raised reporting rimit ence- The Y flag is equivateni to tn"

c 
Jff"il:'#:#i.T',:1""jljl:"t'o"d on onfv one or two chromatosraphic cofumns.
column

P The analyte 
-was detected on both chromatographic cofurnns but the quantifiedvarues differ by r4oy" RpD with "" oo,r,oir'In",-o..,rtographic interference

Geotechnicaf Data

A

F

SM

SS

The totaf of alt fines fractions- This flag is used to report totar fines when onrysieve anarysis is requested and barances'totar g-rlin size with sampfe weight.
Samptes were frozen prior to particle size determination
Sample matrix wAs nnt ?n^-^^j^

::j::: j:_$;":":":i",*iH[::T:: j:"l6#:T,*:","ffi:1Ti"n::;Hilfl'Jsreung process andlor moisture content. po.Jrity rlo saturation calc'lations
Sample did not c
portion of rhe;*#:rg:*",u3,3o"rtion of 'ftnes' required to perforqr rhe piperte

w 
Ht:LTfftrxt; in some pipette atiquots was befow the rever requ tred for

fl!9--8.#; + el&elftffis5+*
w* 4w & " %fr@MW 4



1 1549-3 PCB 20 ACETONE 10t10/09
2 1472-3 BCOC PEST 10 ACETONE 07 t20to8
3 1517 -1 PEST 02t04t20 ACETONE ost15109
4 1561-2 LOW PEST o.2t0.4t2 ACETONE 05t15/09
5 1537-1 EPH 1 500 MECL2 08t16/09
6 1559-2 PCP 12.5t125 ACETONE 11tostog
7 1573-1 ABN 100 ACETONE 08/01/09
8 1 566-1 TBT 2.5 MECL2 12tO4/09
9 1567-3 PORE TBT .125t.25 MECL2 12t04t09

10 1554-3 ABN ACID 1001200 MEOH 10t21/09
11 1563-3 TPHD 1 5000 ACETONE 11t20t09
12 1563-1 ABN BASE 200 ACETONE 06/30/09
13 1573-2 LOW PCB 2 qCETONE 10t10/09
14 1547-1 LOW ABN ACID 10120 MEOH 04t10/09
15* 1452-1 SIM PNA 1517 5 MEOH 04t09t09
16 1502-2 DIOXANE 100 MEOH 02t20t09
17 1516-2 1248 PCB 20 ACETONE 05t07 tog
18 1514-4 LOW SIM PNA 1.5t7.5 ACETONE 04t24t09
19 1517-3 AK103 7500 MECL2 12t29t08
20 1572-2 PNA 100 ACETONE 2l26t09
21* 1414-4 SKY/BHT 100 MEOH 04t08/09
22 1570-1 HERB 12.5t12500 MEOH 02t19/09
23 1505-1 OW ABN BASE 20 MEOH 03t20t09
24 1541-4 LOW ABN 10 ACETONE 08/01/09
25 1481-1 DIPHENYL 100 MEOH 07t20to8
26 1545-2 OP-PEST 25 MEOH 02t14t09
27 1495-1 STEROLS 200 MEOH 12t29t08
28 1494-1 ADD. PEST 4 ACETONE 01t23t09
29 1496-3 DECANES 100 MEOH o2t12t09
30 1497-2 EDB/DBCP 2 ACETONE o2t12t09
31 1510-3 TERPINEOL 100 MEOH o3t21t09

LCS SOLUTIONS
LABEISOLN IE TEST CONC. UG/MLSOLVENT EXP

12t30toB

Page 1
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32 1545-3 GUAIACOL 50-200 ACETONE 06/05/09
33 1522-1 RESIN ACID 250 ACETONE o6t11tog
34 1530-2 CONGENERS 1 ACETONE 07t23to9
50 157 1-1 FULL RESIN 250 ACETONE 06t10/09*=RE\ ERIFIET SOLUTION

LCS SOLUTIONS 1Z30t08

Page2

w4 aw & a @Fw&w.% a



SURR SOLUTIONS :zaotol

LABEL SOLN ID TEST CONC. UG/ML SOLVENT EXP.
A 1559-5 ABN 100/150 MEOH 03t13/09
B 1572-1 SIM PNA 15175 MEOH 08t28t09
C 1559-1 SIM ABN 25137.5 MEOH o3t13109
D 1561-3 LOW PCB 0.2 ACETONE 07l31lo9
E* 1478-1 HERB 62.5 MEOH 09t21tog
F 1520-3 PCP 12.5 ACETONE o4t18109
G 1534-1 l,4DIOXANE 100 MEOH 021201o9
H 1545-1 OP.PEST 25 MEOH 02114to9

1559-4 LOW S. PNA 1.5 MEOH 08128t09
J 1566-5 TBT-PORE o.125 MECL2 12t04t09
K 1538-1 MED PCB 20 ACETONE 07131109
L 1566-4 TBT 2.5 MECL2 12t04t09
M 1558-2 EPH 1 500 MECL2 09124t09
N 1538-2 PCB 2 ACETONE 07 t31tog
o 1567-4 TPH 450 MECL2 09124109
P 1560-3 HCID 2250 MECL2 09l24l09
o 1497-3 EDB 2 ACETONE o2l12to9
R 1521-4 RESIN ACID 250 ACETONE 06/1 1tOg
S 1568-5 PBDE .25 MEOH 12t11t09
T 'reverifiet solution
U
V
W
X
Y
Z

Page 1
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Data Summary Package

prepared
for

HART CROWSER' INC.

Project: Port Gamble, 17330-14

ARI JOB NO: OH01

prepared
by

Analytical Resources, Inc.
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Arsbffirb@
INCORPORATEDORGAIVICS A.}IALYSIS DATA SHEET

PSDDA Seurivolatsiles by SW8270
Page L of 2

Sample ID: PGSS-77A
SAMPLE

QC Report No: OHo1-Hart Crowser, Inc
Proj ect : PORT GAIvIBLE

L7 330 - L4
Date Sampled: 12/o9/08

Date Receiwed: L2/7a/0e

GClMS

Lab Sample ID: OH01A
LIMS fD:. 09-646
Matrix: Sediment
Data Rel-ease Authorized
Reported I OI/26/09

,f,
Date Extracted : 0a/14/09
Date Anal-yzed:. 0l/22/09 2O:46
Instrument/Analyst : NT4/LJR
GPC Cleanup: Yes

CAS Number Analyte

SampJ-e AmounL
Finaf Extract Vofume

Di-lution FacLor
Percent Moisture

RL

0.5 mL
1.00
28.52

ResulE

108-95-2
54L-73 -r
1_O5 -46 -7
100-51-5
9s-s0-1
95-48-1
1,06-44-5
1,05-67 -9
65-85-0
LZV-62- L

9L-20 -3
87 -68-3
9r-57 -6
131- 11- 3

208 -96 -8
83 -32-9
7"32-64-9
84-65-2
86 -73 -'7
85-30-6
'J-L8-74-1
87 -85-5
85-01-8
L20-t2-7
84-74-2
206 -44-0
129-00-0
85-68-7
55-s5-3
rr7 -81-7
218 - 01- 9

7-L7 -84-O
205 -99 -2
207 -08-9
50-32-8
193-39-5
53 -70-3
L9L-24-2
90-05-1

Phenol
1, 3 -Dichl-orobenzene
1, 4 -Di- chl-orobenzene
Benzyl Al-cohol-
1 . 2 -Dichl-orobenzene
2 -Methylphenof
4 - Methylphenol
2 , 4 -Dime thylphenol
Benzoic Acid
1-,2 , 4 -Trichforobenzene
Napht,halene
Hexachlorobutadi ene
2 -Methylnaphthalene
Dimethylphthal-ate
Acenapht.hylene
AcenaphEhene
Dibenzofuran
Diethylphthafate
Fl-uorene
N-Ni tros odiphenyl amine
Hexachl-orobenzene
Pent.achl-orophenol
Phenanthrene
Anthracene
Di -n-Butyl-phthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anEhracene
bis (2 -Ethylhexyl ) phthalate
Chrysene
Di-n-OcLyI phthalate
Benzo (b) fluoranEhene
Benzo (k) fluoranEhene
Benzo (a) pyrene
Indeno (1,2 ,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
Guaiacol-

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20
20
20
20
99
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

1l_0
<20
<20
<20
<20
<20
<20
<20

< 200
<20

37
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<99

49
18

<20
53
54

<20
29

<20
40

<20
38
22
22
1_3

<20
18

<20

U
U
U
U
TT

TI

U
U
U

U
U
U
U
U
U

U
U
U
U
U

.f
U
J
U

.f
U
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Arsbfi:*@
INCORPORATEDORGAI{ICS A}IALYSIS DATA SHEET

PSDDA Semivolatiles by sw8270 GclMs
Page 2 of 2

Lab Sample ID: OH01A
LIMS ID: 09-646
Matrix: Sediment
Date Anallzedz 01,/22/og zo.sa

Sample ID: PGSS-77A
SAMPLE

QC Report No: OHO1-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-14

CAS Number AnaIyEe RL Result

483 -55-8 Retsene 20 t4
90-1,2-0 1-Methvlnaphthalene 20 < 20 U

Reported in pg/kg (ppb)

SemiwolaEile SurrogaEe RecoverY

d5 -Nitrobenzene 64 . BZ 2 -Fluorobiphenyl 65 .22
d14 -p-Terphenyl B5 . 6t d4-L,2 -Dichlorobenzene 54 .42
d5-Phenol 66.42 2-Fluorophenol 58.9?
2,4,6-Tribromophenol 81.6t d4-2 -ChlorophenoJ- 62.)-Z

FORM I fl"sE-=-€*? jg ' m-ffiiF * -#4@4 4W &, ' W@We &W



Arsbffieb@
INCORPORATEDORGA}IICS A.}IALYSIS DATA SHEET

PSDDA Semivolatiles bY Sw8270
Page I of 2

Sample ID: PGSS-80
SAMPLE

Report No: OHo1-Hart Crowser, Inc.
Proj ect : PORT GAIi4BLE

L'7330 -14
Date Sampled: L2/10/08

Date Received: 1,2/1,I/oB

Sample Amount: 25.3 9-drY-wt
Final Extract Volume: 0.5 mL

Dilution Factor: 1. 00
Percent Moisture : 19.1'%

RL Resu] b

GClMS

Lab Sample fD: OH01C
LfMS ID:. 09-648
Matrix: Sediment
Data Refease Authorized
Reportedl- oL/26/ 09

QC

,6
Date Extracted : 0L/f4/09
Date Analfzed:. 0L/22/09 21-:20
fnstrumenE/Ana1yst : NT4 /LJR
GPC Cleanup: Yes

CAS Number Analyte

108-95-2
54L-73-L
LO5 -45 -7
100-51-5
95-50-1
95-48-7
ao6-44-5
105-67 -9
65-85-0
rzu-dz- r
97-20 -3
81 -68-3
9L-57 -6
131- 11- 3

208 -96 -a
a3-32-9
r32 - 64 -9
84 -66 -2
86-73-7
86-30-5
148-74-L
87 -86 -5
85-01-8
L20 -12-7
84-7 4-2
zuo'++-v
t-29-00-0
85-58-7
s6-55-3
rr7 -81,-7
2LB -Oa-9
1"17 -84-0
205 - 99 -2
20'7 -08-9
50-32 -8
1_93-39-s
53 -70-3
L9A-24-2
90-05-1

PhenoI
1 3 -ni ch I nrntrenzene
'l 4 -Di r-hl orotrenzene
Panzru I Al nahal
'l 2 -Di chI orol'renzene
, - Ma|- Lrrzl nhann I
4 -Mcf hrrl nhcnnl
2 4 -I.l.' i mef hwl nhenol
Benzoic Acid
I,2 , 4 -Trlchlorobenzene
\Trnl.rt-hr I ana

Hexachlorobutadiene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthyfene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N-Nitrosodiphenylamine
Hexachl- orobenzene
Pentachlorophenol-
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
ButylbenzyJ-phthalate
Benzo (a) anthracene
l-ri q /? -F'i-hrzl hcvrzl ) nhth:l:te
Chrysene
Di-n-Oct- vl nhth.llglqLt r yrlsrru

Benzo (b) ffuoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Tn/lann/-l t 

"-nA)\L,-,r -*/pyrene
Dibenz (a, h) anLhracene
Benzo (g, h, i) perylene
Guaiacol

20
20
20
20
20
20
20
20

200
20
20
20
20
20

20
20
20
20
20
20
99
20
20
20
20
ZU
20
20
20
20
20
20
20
20
zu
20
20
20

3l-
<20
<20
<zu
<20
<20
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<99
<20
<20
<20
<zv
<20
<20
<20
- )A

<20
< zu
<20
<20
<20
<20
<20
<20
<20

U
U
U
U
U
U
U
U
U
U
TI

U
U

U
U
U
U
IT

U
U
TT

U
U
U
U
U

'T
U
U
U
U
U
U
u
U
U

&&FORM I wE4W&"M@@W



firs5uA8ri@
INCORPORATEDORGA}IICS A}TALYSIS DATA SHEET

PSDDA Semivolatiles by 5w8270 GC/Ms
Page 2 of 2

Lab Sample ID: OH01C
LIMS ID: 09-648
Matrix: Sediment
Date Anal-yzedt 0I/22/ 09 2I:20

Sannple ID: PGSS- 80
SAMPI,E

QC Report No: OH01-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-14

CAS Number AnalrrEe RL Result,

483-65-8 Retene 20 < 20 U
9O-L2-O 1-MethvlnaDhthalene 20 < 20 U

Reported in pg/kg (ppb)

Semiwolatile Surrogate Recovery

ds-NiLrobenzene 68.42 2-Fluorobiphenyl 63.62
d14-p-Terphenyl 82 . BZ d4-1,2 -Dichlorobenzene 56. Bg
d5-Phenol- 63.52 2-Fluorophenol 62-9%
2,4,6 -TribromophenoJ- 68 . BB d4 -2 -Chlorophenol 63 .72

FORM f flEAJi-=4 *,* rEfE#it $ #
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Alsbfi:*@
INCORPORATEDORGANTCS A.I.IALYSIS DATA SHEET

PSDDA Semivolatiles by 5W8270 GCIMS
Page 1- of 2

Lab Sample ID: OH01F
LIMS ID: 09-551
Matrix: Sediment zy'
Data Release Authorized :,/fiJ
Reported | 01, / 26 / 09 /'"

Date Extracted : o'L / L4 / 09
Date Analyzed: 0r/22/og zt:sq
Instrument/Analyst : NT4/LJR
GPC Cleanup: Yes

CAS Nunber Analyte

Samp1e ID: PGSS-GEO-3
SAMPLE

QC Report No: OH01-Hart Crowser, Inc
Project: PORT GAMBLE

17330-14
Date Sampled: L2/I0/08

Date Received: L2/1L/oB

Sample Amount:
Final Extract Volume:

Dil-ution FacLor:
Percent Moisture:

0.5 mL
1.00
26 .32

ResultRI,

IO8 - 95 -2
541,-7 3 -L
]-05-46-1
100-51-6
95-50-1
95 -48 -7
1,O6-44-5
ro5-67 -9
65-8s-0
r20 -82 -r
9L-20 -3
87-58-3
9l--57 -6
131-11-3
208 -96 -8
83-32-9
132-64-9
84 -56 -2
86 -73 -'l
85-30-5
rJ-g -7 4 -1,
87-85-5
85-01-8
1,20 -1,2 -7
a4 -7 4-2
206 -44 -O
129-00-0
85 -58 -7
56-55-3
LL7 -BL-7
218 - 01- 9
LL1 -84-O
205-99 -2
207 -08-9
50 -32 -8
193 -39-5
53-70-3
r91-24-2
90-05-1

Phenol
1, 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Al,cohol-
1, 2 -Dlchl-orobenzene
2 -MeEhylphenol
4 -Methylphenol
2.4-ni meFhvlnhenol
Benzoic Acid
1, 2, 4 -Trichlorobenzene
Naphthalene
Hexachlorobutadiene
2 -Methylnaphthalene
Dimethylphthafate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N - Ni t rosodiphenyl amine
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di -n-ButylphLhalate
Fluoranthene
Pyrene
ButylbenzylphLhal" ate
Benzo (a) anthracene
bis ( 2 - Ethylhexyl ) phthalate
Chrysene
Dl-n-Octyl phthalate
Benzo (b) fluorantshene
Benzo (k) fluoranEhene
Benzo (a) pyrene
Indeno (1 ,2 ,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
Guaiacol

20
20
20
20
20
20
20
20

200
20
zv
20
ZU
20
20
20
20
20
20
20
20

100
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

<20
<zu
<20
<20
<20
<20
<20
<zu

< 200
<20
<20
<20
<20
<zu
<zu
<20
<20
<20
<20
<20
<20

< 100
26

< 20
<20

34
42

<20
L2

<20
L5

<20
11
L2
13

<20
<20
<20
<20

U
TI

U
U
U
1I

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
u

U
U

U
.t
U
J
U
J
J
iI
U
U
U
U

FORM f s:riL.-3g+i i* cEGffi € *+w& nwe " n&ww&4



Alsbff:ri@
INCORPORATEDORGA}IICS AI{AI,YSIS DATA SHEET

PSDDA Semivolatsiles by Sw8270 GCIMS
Page 2 of 2

Lab Sample ID: OH01F
LIMS ID : 09 - 657.
Matrix: SedimenL
Date Analyzed: ol/22/og zt,ss

Sample ID: PGSS-GEO-3
SAMPLE

QC Report No: oHo1-Hart Crowser, Inc.
Project: PORT GAMBLE

r'/ 330 - L4

CAS Number Analyt.e RL ResulE

483-55-8 Retene 20 < 20 U

7O-L2-O 1-Methyfnaphthalene 20 < 20 IJ

Reported in pg/kg (ppb)

Semiwolatile SurrogaEe RecowerY

d5-Nitrobenzene '7 I.2Z 2-Fluorobiphenyl 70.82
d14 -p-Terphenyl- 1O2Z d4 -I ,2 -Dichlorobenzene 61- .22
d5-Phenol 67 -12 2-Fluorophenol 65 -IZ
2,4,6-Tribromophenol 84.8% d4-2-Chlorophenol 67.2%

FORM T -a-h-Efl* E ' .dPe-?tr8*.914
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Alsbfi8t"@
INCORPORATEDORGANICS AI{AI,YSIS DATA

PSDDA SemivolaEiles by
Page 1- of 2

Lab Sample fD: OH01G
LIMS ID:. O9-652
Matrix: Sediment
Data Release Authottzed
Reported I 01,/25/09

SHEET
sw827O GCIMS

,6
Date Extracted : OI/ 14/ 09
Date Ana]yzed. OI/ 22 / Og Zz :Ze
fnstrument/Analyst : NT4/LJR
GPC Cleanup: Yes

CAS Nu:nber Analyte

Sample ID: PGSS-92
SAMPLE

QC Report No: OH01-Hart Crowser, Inc.
Proj ect : PORT GAI'IBLE

r7 330 -14
Date Sampled: 1-2 /I0 / oB

Date Received: a2/rr/08

SamPle Amount: 25 -2 g-drY-wt
Fi-nal Extract Volume: 0.5 mL

Difution Factor: 1. 00
Percent Moisture: 3O.22

RL Result

LOB - 95 -2
54r-7 3 -L
L05 -46 -7
t_00-51-6
95-50-1
95 -48 -7
L06-44-5
L05 -6'7 -9
55-85-0
1,20 - 82 -1
9L-20 -3
87 -68-3
9r-5'7 -6
131- 11- 3

208 -96 -8
83-32-9
r32-64-9
84 -66 -2
86 -'7 3 -'7
86-30-6
rag -7 4 -1,
87 -86-5
85-01-8
1_20 -12 -'7
84 -7 4-2
206 - 44-O
129-00-0
85-68-7
55-55-3
L'J_7 - 8),-7
21-8-01-9
117-84-0
20s -99 -2
20'7 -O8-9
50 -32-8
193 -39-s
53-70-3
L91,-24 -2
90-05-1

PhenoI
1, 3 -Dichlorobenzene
1, 4 -Dichforobenzene
Benzyl Alcohol
1 " -ni chl nrnbenzene
I -Mat- hrrl nhannl

L..t *L^-^l1-l'rELrryfPrrcrruI
2, 4 -Dimethylphenol
Benzoic Acid
7-, 2, 4-Trichforobenzene
\Tanhf h: l cna

Hexachl-orobutadiene
2 -Methylnaphthalene
Dimethylphthalate
Anananhl-hru I ene

^^^---L!L^-^6Ug rrdPlt L llcrr9

Dibenzofuran
ni othrr'l nlrthal rias +v errr
Fl-uorene
N - N j- t ros odi-phenyl ami-ne
Hexachl, orobenzene
Pentachlorophenol
Phenanttrrene
Anthracene
Di -n -Butylphthalate
FluoranEhene
Pyrene
Butylbenzylphthalate
Ber:zo (a) anthracene
bis (2 -Ethylhexyl )phthal-ate
Chrysene
Di-n-Octyl pht.hal-ate
Benzo (b) f l-uoranLhene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (L,2 ,3 -cd) pyrene
Di-benz (a, h) anthracene
Benzo (9, h, i) perylene
^,,-.i^^^luudrauvr

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20
20
20
20
99
20
20
20
20
20
20
20

20
20
20
)i

20
20
20
20
20

42
<20
<zv
<20
<20
<20
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
- )6

<20
<99

30
<zu
<20

30
35

<20
L2

<20
L2

<20
<20
<20

11
<20
<20
<20
<20

U
U
U
TT

U
TT

U
U
u
TT

U

TT

U
U
U
U
U
U
U
U

U
U

U
iI
u
iI
U
u
U
.f
U
U
U
U

FORM T e-:ri-fift4 ".sft#-#"=*-
1@* AWe n MWWM&



AIsbfi8ri@
INCORPORATEDORGANICS AI{AI,YSIS DATA SHEET

PSDDA Semivol-atsi1es by SW8270 GCIMS
Page 2 ot 2

Lab Sample fD: OH01G
LfMS ID: 09-652
Matrix: Sedlment
Date Ana]lzed: 01,/22/ o9 zz rza

Sample ID: PGSS-92
SAI"IPLE

QC Report No: OHo1-Hart Crowser, Inc.
Project: PORT GAMBLE

r7330-14

CAS Number Analytse RL Result

483-65-8 Retene 20 < 20 V
9O-I2-O 1-Methyl-naphthalene 20 < 20 U

R6ported in pg/kg (ppb)

Semivolat.ile Surrogatse Recovery

d5 -Nitrobenzene 63 .22 2 - Fluorobiphenyl 62 - 0Z
d14 -p-Terphenyl 79.22 d4-1,2-Dichl-orobenzene 55 - 6%

ds-Phenol 58.42 2-Fluorophenol 57 .62
2,4,'-Tribromophenol 65.32 d4-2-Chlorophenol 58 - 98

FORM I g=ru*]S 4 d.ft#*F-+j=*-=+W44W&'te&Wwtu%



A:sbn#"@
INCORPORATED

SW827O SEMIVOLATILES

Matrix: Sediment

SOIL/SEDTMENT SURROGATE RECOVERY SI'MMARY

QC Report No: OHOl-Hart Crowser, Inc-
Project: PORT GAMBLE

r'7330 -L4

NBZ FBP TPH DCB PHI, 2FP TBP 2CP TOT OUTClient ID

MB-011409
LCS-011409
LCSD-011409
PGSS _ 7 7A
PGSS-80
l/bb> -\rliv- J

PGSS _ 92

(NBZ)
(FBP)
(TPH)
(DCB)
(PHL)
(2FP)
(TBP)
(2CP)

66.82 63.22
68 .42 62 .02
68. B? 62.42
64 . Bz 65 .22
68.42 53.62
'7r.22 70.8:k
63 .2% 52.02

98 . 0? 60 .42
8B . B? 59.22
81 .6% 59.62
85.68 54.42
82.82 56.88
ro2z* 6r.22

'79.22 55.5?

LCSIMB LTMTTS
(37-8s)
(3e-82)
(38-10s)
(33-79)
(40-Bs)
(20-e3 )

(4O -96)
(41- 81)

65.9? 6A.3%
66.9+ 50.3?
66 -42 60.5%
65.42 58 . 98
63 .5? 52 .92
67 .72 55 - 12
58.48 5'7.62

QC IJIMITS
(2e-87)
(32-88)
(2L-e7)
(25 - 82)
(2e - 85)
(10-114)
(25-103)
(30-84)

70.7% 6r.92
74.9% 6L .92
'72-52 6r.92
81.5* 62.a2
68 . 8% 63 .72
84 . 8? 6'7 .2%
65.32 s8.9?

0
0

0

0

0
1
0

d5 -Nitrobenzene
2 -Ffuorobiphenyl
d14 -p-Terphenyl
a^ 1 . nl ^Ll ^-^Lo4 - l-, z - D rcLrr.JLC)lJenzene
d5 - Pnenor
2 - Fluorophenol
2,4,6 -Tribromophenol
d4 - 2 -Chlorophenol

Log
Prep Method: SW3550B

Number Ranqe: 09-646 to 09-652

Paqe 1 for OH01
FORM-rr SW8270

i=si-# 4 . .#s&.F!{i:"=
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Arsbfi:r\@
INCORPORATEDORGAIIICS AI.IALYSIS DATA SHEET

PSDDA Semivolatsiles by 5w8270 GCIMS
Paqe 1 of 2

Lab Sample ID: LCS-011409
LIMS ID: 09-646
MaLrix: Sediment

,^^_^ ^..!r zuara Keaease AuLnorrzed: /tfv
Reported: 07/26/ 09 r

Date ExtracEed LCS/LCSD: 0L/14/o9

Date Analyzed LCS: 01,/22/09 L7.53
LCSD: 0I/22/09 IB:28

Instrument/Anal-yst LCS : NT4/L,JR
LCSD: NT4/LJR

GPC Cleanup: YES

Sample fD: LCS-011409
LCS,/IJCSD

QC Report No: OH01-Hart Crowser, fnc
Project: PORT GAMBLE

17330-14
Date Sampled : '1,2 / 09 / oB

Date Received: A2/7I/OB

Sample Amount LCS:
LCSD:

Final Extract Vo]ume LCS:
LCSD:

Difution Factor LCS:
LCSD:

Percent Moisture: NA

25.O g
25.O g
0.5 mL
0.5 mL
1.00
1.00

ArralyEe LCS
Spike

Added-LCS
LCS

Recowery
Spike LCSD

LCSD Added-LCSD Recovery RPD

Phenol
1 ? -ni chl ornl-rFnzcne
1, 4 -DichLorobenzene
Danzrrl A l nnhn'l

1 ? - Di eh I nrohen zene
9 -MaFhrr'l nhpnnl
4 -MeEhylphenoI
2,4-Dimethylphenol
Benzoic Acid
1 ) A-'lrinhlnrahcrl2gng

lT^nhFh-l ana

Hexachl orobutadi-ene
2 -MeEhylnaphthaJ-ene
Dimethylphtha L ate
Anan:nhfhrrl ana

Acenaphthene
Dibenzofuran
Die thylpht.halate
Fluorene
N - Ni t rosodiphenylamine
Hexachl orobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis ( 2 - Ethylhexyl ) phthalate
ch r\/qanF

Di -n-OcLyl phthal-ate
Benzo (b) fluoranthene
Benzo (k) fluoranthene

313
280
283
420
293
328
688
255

1010
300
310
318
320
368
32'7
330
343
4r4
348
353
364
355
384
JOa

402
388
456
443
384
440
377
391
445
438

500
500
500

1000
500
500

1000
500

1500
500
500
500
500
500
500
500
500
500
s00
500
500
500
500
500
500
500
500
500
500
500
500
500
500
s00

62 .6%
s6.ots
56 -62
42.O2
58.63
65 -62
68.88
51.0?
6t .3%
50 - 0%

62.O%
63 .62
64.O2
'73 .5%
65 .4%
66.08
68.6t
82 .82
69 -62
70.6%
72 .82
7L.2Z
76 -82
72 .8%
80.4%
'77 .62
9)..22
88.5C
76.82
88.0E
't5 .42
'7 I .22
89 - 0t
8't .62

336
304
309
45'7
320
345
'735
288

1000
318
335
33'7
344
392
345
Jqb

351
437
366
313
384
372
405
382

405
493
4'7 3
4to
47r
394
Ala

482
443

500
500
500

1000
500
500

1000
500

1500
500
500
500
500
500
500
500
500
500
s00
500
500
500
500
500
500
500
500
500
500
500
s00
500
500
500

57 .22
60. B%

6L-8%
45.'7%
64 .0%
69.08
t3.b6
57 .6%
55 -7%
63 .6%
6'7 . OZ

6'7 .42
68.8%
't8.4%
69.02
69.22
7L.4Z
87.42
13 .22
74.62
76.82
74 .4k
81.0%
15 -4%
84.22
81.0t
98.6t
94.6%
82-0%
a4 )*
78.82
82-4%
96-42
88.5S

7 .IZ
8.22
8.8%
I .42
8.8?
5.1%
6.7%

rz .2--6

r.0%
5.8?
'7 .8%
s.8*
'7 .2%
6.3%
5 .4"6
4 -72
4.OZ
5 .42
5.0%
5.5?
5.3?
4 .42
s.3ts
4 .8%
4 .6"6
4.3%
7 .8%
6 .62
t'.56
5.8?
4.42
5.22
8.0t
,1 .16

FORM III
e=-i;i#4 '.#sft.#==!i
we 4w & " wwwk -&



A}sbf;J:ti@
INCORPORATEDORGANTCS AI{AT,YSIS DATA SHEET

PSDDA Semivolatiles by 5w8270 GclMs
Page 2 of 2

Lab Sample ID: LCS-011409
LIMS ID.. 09-646
Matrix: Sediment
Date Analyzed LCS : o)'/22/09 ).7 t53

LCSD: O1/22/ 09 1B :28

QC Report No:
Proj ect :

Sample ID: LCSD-011409
LCS/l,CsD

OHo1-Hart Crowser, fnc.
PORT GAMBLE
r't330-1,4

Analyte
Spike

LCS Added-Lcs
Spike tCSD

LCSD Added-LCSD Recovery
LCS

Recovery RPD

aan'^ 1: \ nrrrona

Indeno (I,2 ,3 -cd) pyrene
Dibenz (a, h) anthracene
Berrzo (9,h, i) perylene
Guai-acof
1- -Methylnaphthafene

330
402
393
404
342
348

500
500
500
500
500
500

346
436

430
J to

3'7 5

500
500
500
500
500
500

8.
"l-

'1 
.

7Z
TZ
5%
2Z
5%

5"6

65.O2
80.4t
/6 -bz
80 - 8?
68.42
69.62

69 -22
8'7 -2rb
84.8?
85.0?
75.22
75 -Ot

Semiwolabile Surrog'aCe Recovery

LCS LCSD
d5 -Nitrobenzene 68 .4e" 58 - B?

2 -FluoroblphenYl 62 .02 62 - 42
d14-p-Terphenyl 88 - B% B7 .6*
d4-a,2 -Dichl-orobenzene 59 .2% 59 - 62
d5-Phenol 66.92 66.42
2 -Ffuorophenol 50 -3e" 60. 5?
2,4,6-TribromoPhenol 74-92 72.52
d4 -2 -ChloroPhenof 6A - 92 6I . 9Z

Results reported in Pg/kg
RPD cafculated usj-ng sampl-e concentrations per SW846.

FORM fII
ffj4-E-G 4 eBfts?*ffiw&4Me, MWMtuW



Lab Name: ANALYTICAL

ARI Job No: OHO2

Lab Fil-e ID: OHO1MB

Instrument ID: NT4

Matrix: SOLID

RESOURCES, INC S

THIS METHOD BI'ANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

ANALYZED

oL/22 / Oe
oL/22/ 0e
oL/ 22 / Oe
ot/22/ oe
or/22/ 0e
oL/22/ oe
or/22/oe
oL/22/ Oe
or/23 / oe
0L/ 23 / Oe

SEMrVOtATri,e rqf;BrroD BI,ANK
BLANK NO.

SUMMARY

Client: HART CROW

oH01MBS1

ER, rNC.

Project: PORT GAMBLE

Date Extracted: Oa/14/09

Date Analyzed: Of /22/09
Time Analvzed: 1718

01
o2
03
o4
05
06
o7
08
09
10
L1
L2
13
T4
15
l-o
L'7
18
1-9
20
27
22
z3
24
25
26
27
28
29
30

SAMPLE NO.

OHO 1LCSS1
OHOlLCSDSl
PGSS -77A^
PGSS-80
PGSS-GEO-3
PGSS- 92
PGSS - 51
PGSS- 54
PGSS - 73
PGSS - 75

SAMPLE ID

OHO]-LCSS1
oH0ILCSDST_
oH0l-A
oHO1c
OHOlF
OHOlG
OHO2E
OHO2P
OHO2V
OHO2W

FILE ID

OHOlSB
OHOlSBD
OHOlA
OHOlC
OHOlF
OHOlG
OHO2E
OHO2P
OHO2V
OHO2W

COMMENTS:

page 1 of 1
FORM TV SV

E=*ji*id& 4 #ffi€F+E
@44We ' @wwMw



Arsbffstb@
INCORPORATEDORGANICS A}IAI,YSIS DATA SHEET

PSDDA Semivolatiles by Sw8270
Page 1- of 2

Lab Sample fD: MB-011409
LIMS ID z 09-646
Matrix: Sediment
Data Release Authorized:
Reported: OL/26/09

Date Extracted : o1,/Ia/09
Date Analyzed: 0r/22/09 17:18
Instrument/Anal-yst : NT4/LJR
GPC Cl-eanup: Yes

CAS Number AnaIvEe

Sample fD: MB-011409
METHOD BLAI{K

QC Report No: OHo1-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-14
Date Sampled: NA

Date Received: NA

Sample Amount:. 25.0 g
Final Extract Vol-ume: 0.5 mL

Dilution Factor: 1.00
Percent Moisture: NA

RL ResuI t

GClMS

708 - 95 -2
54r-7 3 -1,
106 - 45 -7
100-51-5
95-50-1
95-48-7
106 - 44 -5
L05-67 -9
55-85-0
L20 -82-1,
9L-20 -3
8'7 -68-3
9!-57 -6
131-11-3
208-96-B
83-32-9
1,32-64-9
84-66-2
86 -7 3 -'7
86-30-5
1_L8 -7 4 -a
87-86-5
85-01-8
L20-42-7
84-7 4-2
205 -44-0
129-00-0
85-58-7
55-55-3
rr7 -8L-'7
2]-8- OL-9
tI1 -84-O
205 - 99 -2
207 -08-9
50-32-8
193 -39-5
53-70-3
rvr-z4-z
90-05-1

Phenol
1, 3 -Dichlorobenzene
1, 4 -Dichl-orobenzene
BenzyI Alcohol
1 2-nichlnrohcnzene
? - Ma i hrrl nh annl
/. -Mal- hrrl nl-rpnnl
2 , 4 -Dimethylphenol
Benzoic Acid
I, 2, 4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
2 -Methylnaphthal-ene
DimeEhylphthalate
Acenaphthylene
A aan anh l- hena

Dibenzofuran
Dlethylphthalate
Fluorene
N -Ni trosodiphenyl amine
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fl-uoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -ELhylhexyl) phthalate
Chrysene
f]i -n -.)cFrzl nhih.lf 4!g
Benzo (b) fluoranthene
Benzo (k) f l-uoranthene
Benzo (a) pyrene
Indeno \I ,2 ,: - cd) pyrene
Dibenz (a, h) anthracene
Benzo (S,h,i) perylene
Guaiacof

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20
20
20
20

100
20
20
20
)n

20
20
20
20
20
20
20
20

20
20
20

<20
<20
<20
<20
<20
<20
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

< 100
<20
<zu
<zv
<20
<20
<20
< zu
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

TI

U
U
U
U
U
U
U
u
U

U
U
U
U
U
U
U
TT

U
U

U
U
U
U
U
U
U
u
U
IT

U
u
U
u
U
U

FORM I !-1E-Ed= 4 s=Er;=&ffE€"=
wa ilw& n wwMtu 4



Ais5fi:ti@
INCORPORATEDORGA}IICS A}IAI.YSIS DATA SHEET

PSDDA Semivolatiles by SW8270 GCIMS
Page 2 of 2

Lab Sample ID: MB-011409
LIMS ID:. 09-646
MaLrix: Sediment
Date Anal-yzedz 0I/22/09 1'7:IB

Sample rD: MB-011409
METHOD BLAIVK

QC Report No: OHO1-Hart Crowser, Inc'
Project: PORT GAMBLE

17330-14

CAS Number AnalYte RL ResulE

483-55-8 ReLene 20 < 20 tJ

9O-a2-O l-Methylnaphthalene 20 < 20 U

Reported in pg/kg (ppb)

Semiwolatile Surrogate Recovery

d5-Nit.robenzene 66 -BZ 2-Fluorobiphenyl 63 '22
d14-p-Terphenyl 98.0? d4-7-,2-Dichlorobenzene 50 '42
d5-Phenol 65-92 2-Fluorophenol 61'3?
2,4,'-Tribromophenol 70.7% d4-2-Chforophenol 6L'92

FORM I ffiE EFT&E . E:F 1*. -+=FE
w& 4@&& , www&&*w



RESIN ACIDS
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Alsbfi:*@
INCORPORATEDORGAI{TES ANAI,YSIS DATA

Resj.n Acids by SW8270D
Page 1 of 1

Lab Sample fD: OH01F
LIMS ID: 09-651-
Matri-x: Sediment

SHEET
GClMS

R:;:,i:l: "zz ilitri zed' vT>
Date Extracted : 0L / 1,4 / 09
Date Anallzed: Ol/27 / 09 15 :39
fnstrument/Analyst : NT6/VTS
GPC Cleanup: No

CAS Number Analyte

Sample ID: PGSS-GEO-3
SAUPLE

QC Report No: OHol-Hart Crowser, fnc.
Prolect: PORT GAMBLE

t7330 -]-4
Date Sampled : 1,2 / IO / 08

Date Received: 12/I1/08

Sample Amount : 25.7 g-dry-wc
Final- Extract Vol-ume: 0.50 mL

Di]utron Factor: 1. O0
PercenL Moisture : 25.3"r

RL ResuIE

127 -27 -5
47t-74-9
5835 -25 -7
1945-53-5
L740-19-8
514-10-3
ltL-tt-z

5829 - 48 -L
112-80-1
453 -40 -1

Pimaric Acid
Sandaracopimaric Acid
Isopimaric Acid
Pal-ustric Acid
Dehydroabietic Acid
Abietic Acid
Neoabietic Acid
9, l-0 -Dichf orostearic Acid
oleic Acid
Linol-enic Acid

Dannrf ad i n ,,a /Vn /nnh)llgyv!l-Jt'.'\yy"l

Resin Acid Surrogate Recovery

o-Methyl Podocarpic Acid 78.2+

97
97
97
97
97
97
97
97
97
97

<97U
<9'7U
<97V
<97 IJ
<97U
<97U
<97U
<97V

900

FORM I e*j-L-S.#'E €F}G#'+4Fiuie B'.M& " @wwL"@a@



5W827 O RESIN ACIDS

Matrix: Sediment

SOIL/SEDIMENT SURROGATE RECOVERY SI'MMARY

Client, ID

f'lt/r Dannrl- \Tn.
Yv 4\vrvr

Drniaa|-.
OHOl--Hart Crowser, Inc.
PORT GAMBI,E

77330 -L4

MPA TOT OUT

MB-011409
LCS-011409
LCSD-011409
PGSS -GEO- 3

-H\'DD-\rl1u-J lvlb
YI,DD-Lr.r,U-5 wlblJ

8:..22 0
94.62 0

94.4+ 0

78.2* 0
82.2% 0

74.42 0

(MPA) O-Methyl Podocarpic Acid
LCSIMB IJIMITS QC LIMITS

(28-r20) (1e-114)

PTCD MCENOO: sWJ55UJJ
Log Number Range: 09-651 to 09-651

Page 1 for OHO1
FORM-rr SW8270
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Al3bfi:rb@
INCORPORATEDORGA}IICS A}IAI,YSIS DATA

Resin Acids by SW8270D
Page 1 of 1

Lab Sample ID: OH01F
LIMS ID:09-651
Matrix: Sediment
Data Release Authorized:
Reported z 02/27 /09

Date Extracted MS : 01'/'J'4 / 09

Date Analyzed MS:. 01'/27/ 09 16:54
MSD: 07/27/09 L7:09

fnstrument/AnalYst MS : NT5/VTS
MSD: NT5/VTS

Analyte SampIe

At'r Dannrf TrTn.
Ye r\eyv!

Drai aal- .

Date Sampled:
Date Received:

Sample

Final Extract

Dilution

Spike MS

Added-MS Recovery

Sample ID: PGSS-GEO-3
I,T,ATRIX SPIKE

OHO1-Hart Crowser, fnc.
PORT GAMBI,E
L7330 -1,4
1,2/t0/o8
L2/1L/08

Amount MS: 25.6 g-dry-wE
MSD: 25.6 g-dry-wE

Vol-ume MS: 0.5 mL
MSD: 0.5 mL

Factor MS: 1.00
MSD: 1.00

MoisEure: 26.3*

SHEET
GClMS

MSD

Spike MSD

Added-MSD RecoverY RPD

Pimaric Acid
Sandaracopimaric Acid
Isopimaric Acid
Palustric Acid
Dehydroabiet.ic Acid
Abietic Acid
Neoabietic Acid
9, 1O-Dichlorostearic Acid
oleic Acid
Li-nolenic Acid

Results reported in Pg/kg

97 .4
97 .4
97 .4
97 .4
9'7 .4
9'7 .4
9'7 .4
97 .4

905
97 .4

U
U
U
U<
U
U
U<
U

U

> t6
9'7I
978
978
978
> t6
o?a
978
Y T6

9'7I

977
9'7 7

9"17
977
977
977
977
977
977
977

727
7 21,
395

97.8 U
825
5L0

97.8 U
592

I.tJJU
499

'74.32
73.72
40.5?

NA
84 .5E
52.LZ

NA
50.5t
94 .6*
51.0%

/ lo
3 93

9"7 .1 U
805
440

97.7 U

558
abbu

438

74.3et 0.1t
73.32 0.72
40.22 0.89

NA NA
82.4t 2.64
45.0t L4.7*

NA NA
67 .3% 10 .5t
79.3% 8.5t
44 .82 l-3 . 0E

NA-No recovery due to high concenEration
calculated negat.ive recovery.

RPD cafculated using sample concentrations per SW846

of analytse in original sample and/or

FORM III
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Ar35fi3rr@
INGORPORATEDORGA}IICS AIVAIJYSIS DATA

Resin Acide by SW8270D
Page 1 of l-

Lab Sample ID: OH01F
LIMS ID: 09-651
Matrix: Sediment - --Data Release Authorized, V t)Reportedt 02/27/09 ' '

Date Extractedt 0l/14/09
Date Anal-yzed 01,/27 / 09 L6:54
Instrument/Analyst : NT6/VTs
GPC Cl-eanup: No

Sample ID: PGSS-GEO-3
MATRIX SPIKE

QC Report No: OHo1-Hart Crowser, fnc.
Prolect: PORT GAMBLE

r7 330 -1,4
Dat.e Sampled : L2 / 1,o / 08

uaE.e Rece]-veo: L2/ rr/ u6

Sample AmounL: 25.6 g-dry-wt
Final ExtracE Volume: 0.50 mL

Difution Factor: l- . 00
Percent Moisture : 26.3*

SHEET
cclMs

CAs Nudber Analyte Rf, Resul t

127 -27 -5 Pimaric Acid 98
47L-'74-9 Sandaracopimaric Acid 98
5835-26-7 Isopimaric Acid 98
1945-53-5 Palustric Acid 98
I140-I9-B DehydroabieEic Acid 98
514-10-3 Abietic Acid 98
4'7I-'17 -2 Neoabietic Acid 98
5829 -48-I 9 , 10 -Dichl-orosteari-c Acid 98
I1,2-80-a Ol-eic Acid 98
453-40-1, Linol-enic Acid 98

Reported in pg/kg (ppb)

Resin Acid Surrogate Recovery

o-Methyl Podocarpic Acid 82.22

FORM I E*l;i#'+ EBffi#-EFs
4r4nw&'wwww@



ORGA}ITCS A}IAIJYSIS DATA SHEET
Resin Acide by sw8270D cclMs
Draa 1 ^€ 1

Lab Sample ID: OH01F
LIMS ID: 09-651
Matrix: Sediment
Data Rel-ease Authorized,:
Reported , 02 / 27 / 09

Date Extract.ed : 01,/ 14 / 09
Date Analyzed. OI/ 2'7 / 09 17 :09
Instrument./Anal-yst : NT5/VTS
GPC Cleanup: No

CAS Number Analyte

V[5

Sample ID: PGSS-cEO-3
M,ATRIX SPIKE

QC Report No: OHO1-Hart Crowser, fnc.
Project: PORT GAMBLE

17330-L4
Date Sampled: t2/70/OB

Date Received: 12/11,/ 08

Sample Amount: 25.5 g-dry-wt
Final Extract Vol-ume: 0.50 mL

Dilution Factor: 1. 00
Percent Moisture,: 26.34

RIJ Resu1 t

1,27 -27 -5
47]--74-9
5835 -26 -7
1945-53 -5
1740-L9-8
51-4-10-3
47t-77 -2
5829 -48 -1
112-80-1
+o5-+u-l-

Pimaric Acid
Sandaracopimaric Acid
fsopimaric Acid
Pal-ustric Acid
Dehydroabietic Acid
Abietic Acid
Neoabietic Acid
9 , 10 -Dichl-orostearic Acid
oleic Acid
Linol-enic Acid

Reported in pg/kg (ppb)

Resin Acid Surrogate Recovery

o-Methyl Podocarpic Acid '7 4 .4+

98
98
98
98
98
98
98
98
98
98

FORM I s EHC_4 € ' g-€:€Hif_!9"_i4.9 
='w4 4W& q tuAw@!w,,#-&



ORGAI{ICS ANAI,YSIS DATA SHEET
Resin Acids by Sw8270D GCIMS
Pase 1 of 1

Alsbff:tb@
INCORPORATED

Samp1e ID: LCS - 011-40 9
LAB CONTROI, SAMPLE

Lab Sample fD: LCS-01
LIMS ID: 09-651-
Matrix: Sediment
Data Release Authorized:
Reported: 02/27 /09 \[D
Date Extracted LCs: 07/14/09

Date Ana]yzed LCS : 0I/2'7 / 09 15:09
LCSD: 07/27 /09 L6:24

Instrument/Analyst LCS : NT5/VTs
LCSD: NT6/VTS

Analyte

QC Report No: OH01-Hart Crowser, fnc
Project: PORT GAMBLE

r7 330 - L4
Date Sampled: NA

Date Received: NA

Sample Amount LCS: 25.0 mL
LCSD: 25.0 mL

Final- Extract Volume LCS: 0.50 mL
LCSD: 0.50 mL

Di]ution Factor LCS: 1.00
LCSD: 1.00

1409

Spike LCS
Added-LCs Recovery

Spike LCSD
LCSD Added-LCSD Recovery RPD

Pimaric Acid
Sandaracopimaric Acid
Isopimaric Acid
Palustric Acid
Dehydroabietic Acid
Abi-etic Acid
Neoabietic Acid
g 1 n-Dichl orosrear:lc Acid
OIeic Aci.d
Linolenic Acid

893 1000 89.38
879 1000 87.92
582 1000 58.22

< 100 u 1000 NA
9r2 1000 9L.22

3240 E r-000 3242
33.6 J 1000 3.42
898 1000 89.88
903 1000 90.38
831 1000 83.18

Reported in pg/kg (ppb)

921-
905
558

< 100 u
>oo

3780 E

t_7.8 J
>za
949
857

92.1,+ 3.1*
90.5t 2.92
5s.8E 4.22

NA NA
96.5+ 5.88
3782 15.42
1.89 51 . s?

92.s2 3.0t
94.9* 5.08
85.78 3 .18

1000
l_000
r_000
1000
1000
r_000
L000
t_000
l_000
1000

NA-No recovery due to high concentration of analyte in original- sample,
caLculaLed negative recovery, or undetected spike.

RPD calculated usins sample concentrations per SW845.

TBT Surrogate Recovery

LCS LCSD
O-Methy1 Podocarpic Acid 94.62 94.42

FORM III
:l_*s-E-ijF 4! FE{*eft*€
w44W& ' WWWttWW



s

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

SAIVIPLE NO.

OHOlLCSSl
OHOlLCSDSl
PGSS-GEO-3
PGSS-GEO-3 MS
PGSS-GEO-3 MSD

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OH01

Lab File ID: OHO1MB

Instrument ID: NT5

Matrix: SOLID

SAMPLE ID

oH0r-Lcss1
OHOlLCSDSl
OHOlF
OHOlFMS
OHOlFMSD

FILE ID

oHor_sB
OHOlSBD
OHOlF
OHOlFMS
OHOlFMSD

ANAIYZED

o1/27/Oe
oL/27 /Oe
oL/27 /Oe
oL/27 /Oe
oL/27/oe

4B
SEMIVOI,ATTLE METHOD BLANK SUMMARY

BI,ANK NO.

oH01MBS1

C1ient: IIART CROW ER, INC.

Proj ect : PORT GAI'IBLE

Date Extracted: OL/L4/09

Date Analyzed. 01,/27 /09
Time Anal-yzed z L554

01
o2
03
o4
05
05
o7
08
09
l_0
l_1
L2
13
L4
15
I6
I7
L8
19
20
2t
22
23
24
25
25
27
28
29
30

COMMENTS:

page 1 of 1
FORM IV SV

g=e**JflE 4 g*fl+d14"*#-
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AlsbfJsrZ@
INCORPORATEDORGAI\TICS AI{AI,YSIS DATA SHEET

Resin Acids by Sw8270D GCIMS
Page 1 of 1

Lab Sample ID: MB-011409
LIMS ID; 09-551-
Mat.rix: Sediment
Data Rel-ease Authorrzed, \lG,
Reported: a2/27/Og V t,/

Date Extracted: 0I/Ta/09
Date Anal-]yzed': oI/ 27 / 09 L5 : 54
fnstrument/Analyst : NT6/VTS
GPC Cl-eanup: No

CAS Number Analyte

Sample fD: MB-011409
METHOD BLA.I\TK

Of' Pcnnrj- NTn. OHO'1 -F{er|- Cr.)wsFr f nC
Project: PORT GAMBLE

r7330-74
Date Sampfed: NA

Date Received: NA

SampJ-e Amount : 25.0 g-dry-wt
Final Extract Vol-ume: 0.50 mL

Dil-ution Factor: 1.00

RL Result

r2 I -2 | -5 P]-mar].c AC]-cl
4'77-74-9 Sandaracopimaric Acid
5835-26-'/ Isopimaric Acid
1945-53-5 Pafustric Acid
1,'740-1,9-8 Dehydroabietic Acid
5L4-10-3 Abietic Acid
471-77 -2 Neoabietic Acid
5829-48-]- 9,10-Dichforostearic Acid
112-80-1 Ol-eic Acid
463-40-t Linolenic Acid

100
100
100
l_00
100
100
100
100
r_00
100

<100u
<100u
< 100 u
<100u
<100u
< 100 u
<100u
<100u
< 100 u
< 100 u

Dannrt- aA i n 'ta /Va /nnh\t Jt '.= \11-t,v/

Resin Acid Surrogate Recovery

O-Methvl Podocarplc Acid 8L.2Z

FORM I g-"=.Eifrdi S " .*R.ffi.#'="F
M4 qwt & " tufiWWW R
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Arsbffsrr@
INCORPORATEDORGANICS A.I.IALYSIS DATA SHEET

PSDDA PCB by Ge/EcD
Page 1 of 1

Lab Sample ID: OH01A
LTMS ID: 09-646
Mat.rix: Sediment - z'
Data Refease Authorized, ,A
Reported : 07 / 20 / 09 tr/u
Date Extracted : OI/ 1-4 / 09
Date AJlalyzed. 01,/ 19 / 09 11,:12
Instrument/Analyst : ECD5/JGR
GPC Cleanup: No
Sul-fur Cleanup: Yes
Acid Cleanup: Yes
Florisil Cleanup: No

CAS Nunber

SamPle ID: PGSS-77A
SAI{PIJE

QC Report No: OHo1-Hart Crowser, Inc
Project: PORT GAMBLE

17330-14
Date Sampled: L2/09/oB

Date Received: 72/LL/OB

AnaIyt.e

Sample Amount:
Finaf Extract Vol-ume:

Dii-ut.ion Factor:
Si-lica Gel-:

Percent MotsLure:

25.2 g-dry-wtr
1-0 mL
1.00
No

28 .52

ResultRL

LZOI+.LL_Z
5J+bv-zL->
rz6 | z-z>-o
1r097 -59-L
-Lruvb-62-J
11104 -28-2
_L_L.L4l--rb-5
37 324 -23 -5
11100 -r4-4

Aroclor
Aroclor
Aroclor
Arocl-or
Arocfor
Aroclor
Aroclor
Aroclor
Aroclor

10 16

l.248
1,254
L260
122r
1,232
1,262
1268

4.0
4.O
4.O
4.O
4.0
4.O
4.0
4.0
4.O

<4
<4
<4
<4
<4
<4
<4
<4
<4

U
U
U
U

U
U
U
U

Reported in pg/kg (ppb)

PCB Surrogabe Recovery

Decachl-orobiphenyl
Te trach l- orome t axyl ene

1r .22
72.2%

FORM I
g:-!tu-Sg*g 4 ffi €:+-EE q3 ffi
wd4we a w@M&w@



AIsbff8t',"@
INCORPORATEDORGA}IICS A}IAIJYSIS DATA SHEET

PSDDA PCB by GclECD
Paqe ,L or _L

Lab Sample ID: OH01C
LIMS fDz O9-648
Matrix: Sediment
Data Release Autho rized,, ,A
ReporLed: oI/20/og

Date Extracted: oI/L4/09
Date Anal-yzed:. o1,/1,9/o9 1,2:o3
Instrument/Analyst : ECD5/.TGR
GPC Cleanup: No
Sulfur Cleanup: Yes
Acid Cleanup: Yes
Fforisil Cleanup: No

CAS Number

Sample ID: PGSS-80
SAMPLE

QC Report No: OH0l-Hart Crowser, Inc.
Project: PORT GAMBLE

7'7 330 -14
Date SampJ-ed : 12 /'J,O / OB

ljace Recer-veo : Lz / r L/ av

Sample Amount: 25.5 g-dry-wt
Final ExtracL Volume: 1.0 mL

Dilution Factor: 1.00
5r_ttca Lier: No

Percent Moisture: 19.1?

RL ResulEAnalyte

LZOt+-rr-z
53469 -24- 9
1,2672-29 -6
1,1,097 -69-1
1,1_096-82-5
11104 -28-2
11141-15-5
37 324-23 -5
11100 -14-4

Aroc-tor -1U16
Aroclor 7-242
Aroclor 1248
Aroclor 1254
Arocl-or 1260
Arocl-or L221
Aroclor 1232
Arocl-or 1-262
Aroctor rzbu

1q

?c

?q

?q

3-9
3.9
?a
3.9

3.9
3.9
3 -9
3.9

U
U
U
U
U
U
U

U

Reported in pg/kg (ppb)

PCB Surrogate Recovery

Decachlorobiphenyl
Tetrachl-orome taxyl-ene

81-03
68. BE

FORM I

e*}F:.Ec?+ 'fftffi#sIF*-
we&M&, @&@w@w



fir3:fi8*@
INCORPORATEDORGAI{ICS AI{AI,YSIS DATA SHEET

PSDDA PCB bY GCIECD
Page 1 of 1

Lab Sample fD: OH01F
LTMS TD: 09-651
Matrix: Sediment .-
Data Re]ease Authorized' \ f\l \
Reportedt02/27/09 wt'

Date Extracted t OI/14/09
Date Anal yzed'! 0I / 19 / 09 L2 t 20
Inst.rument/Analyst : ECD5/PK
GPC Cleanup: No
Sulfur Cleanup: Yes
Aci,d Cleanup: Yes
Florisil Cleanup: No

CAS Nunber Analyte

Sarnple ID: PGSS-GEO-3
SAI{PI.E

QC Report No: OHO1-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-1,4
Date Sampled: 12 / 1,0 / OB

DaEe Received: 12 / 1"I/ OB

Sample Amount:. 25.1 g-dry-wt
FinaL Extract Vo]ume: 1. 0 mL

Dilution Factor: 1.00
Sil-ica GeI: No

Percent Moisture:. 26.3*

RIJ ResuLt

L26 t+- LL-Z
53469 -2r- 9
)-26 tz-z>-o
1-'t-097 - 69 -l
11095 -82-5
l_1104 -28-2
r1-1,4L-t6 - 5
37324 -23 -5
11100-]-4-4

Arocfor 1016
Arocl-or 1242
Aroclor 1248
l{rocror 1254
Aroclor 1260
Arocl-or 122l.
l{rocror 1232
Aroc\or a262
Aroctor fzbu

Reported in pg/kg (ppb)

PCB Surrogate Recovery

4.0
4.0
4.O

4.0
4.0

4.0
4.0

OU
OU
OU
OU
OU
OU
OU
OU
OU

Decachl-orobiphenyl
Te t rachl- orome L axyf ene

82.22
92.2%

FORM I
rilEJe:E ii eiRffiG e.B .-E
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SHEET
Arsbfisrb@
INCORPORATEDORGA}IICS AI{AI.'YSIS DATA

PSDDA PcB by GC/ECD
Page 1 of 1

Lab Sample ID: OH01G
LrMS ID: O9-652
Matrix: Sediment
Data Release Authorized:
Reported: O1'/20/09

Date Extractedl. OL/1-4/09
Date Anallzed: oL/19/09 a2:37
Instrument/Analyst : ECD5/JGR
GPC Cl-eanup: No
Sulf ur Cl-eanuP: Yes
Acid Cleanup: Yes
Fl-orisil Cleanup: No

SamPle ID: PGSS-92
SA}!PI,E

QC Report No: OH01-Hart Crowser' Inc
Project: PORT GAMBLE

17330-14
Date Sampled: 12/Io/OB

Date Received: L2/1,I/oB

Sample Amount:
Final Extract Vo1ume:

Dilution Factor:
Si]ica Ge1:

Percent Moisture:

25. b g-ory-wtr
1.0 mL
1.00
No

30 -2%

ResultCAS Number Analyte

1267 4 -rr-2
55+6>-ZL->
12672 -29 -6
11097 -69-1,
11095 -82-5
11104 -28 -2
l_1141- 16 - 5
37 324 -23 - 5
11100 -1,4-4

Aroclor 1016
l{rocl-or rz4z
Aroclor 1248
Aroclor 1254
Aroclor 1260
Arocl-or 1221
Aroclor a232
Aroclor a262
Arocfor 1268

Reported in pg/kg (ppb)

PCB Surrogate Recovery

3 -9

?q
3.9
3.9
3.9

3.9
3.9

?

3.
3.
3.
3.
3.
3.
3.
3.

9U
9U
qTI

9U
q TT

9U
9U
9U
q TT

Decachlorobiphenyl
Tetrachlorome taxyl ene

69 .52
72 .8%

FORM I

s:.&E--E.sl&,* ' *B,ffi*}gj E
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firsbfJsrb@
INCORPORATED

sw8 0 82 /PCB SOrr,/SEDTMEI\rI SURROGATE RECOVERY SI'MMJA,RY

Matrix: Sediment

ClienE ID

QC Report No: OH01-Hart Crowser, Inc.
Project: PoRT GAMBLE

r'7 330 - 14

DCBP DCBP
% REC I,CL-UCL

TCMX TCMX
I REC LCL-UCL TOT OUT

MB-011409
LCS-011409
LCSD-011409
PGSS - 7 7A
PGSS-77A MS
PGSS-77A MSD
PGSS-80
PGSS-GEO_3
PGSS _ 92

79.52 30-119
60.8? 30-119
54.2"6 30-119
72.2% 32-1,2),
BO.2Z 32-l-21
85.22 32-124
68. B? 32-a2r
92 .2% 32 -1,21,
72 . B* 32-721

81.0?
69 .82
5tJ.22
'7r.2Z
'78.2%
8L.2%
81 . 0:l
82.22
69 .52

36-130
36-130
35-130
33 -r49
33 -r49
33 -r49
33 -L49
33 -a49
33 -449

0
0
0
0

0
0

0
0

Low Level PSDDA Control Li-mits
Prep Method: SW3550B

Log Number Range: 09-646 Lo 09-652

Page 1 for OH01
FORM-rr SW8082

wE 44@& ' @&WtW--4W



Ars8fi:ti@
INCORPORATEDORGA}IICS A}TATYSIS DATA SHEET

PSDDA PcB by GCIECD
Page 1 of 1

Lab Sample ID: OH01A
LfMS ID: 09-646
MaLrix: SedimenL .*,
Data Rel-ease Authorized:ffi
Reported: oI/20/09 r

Date Extracted MS/MSD: 0I/14/09

MSD : oL/ 19 / o9 1,1, :46
Instruments/Analyst MS : ECDs/JGR

MSD: ECD5/JGR
GPC Cl-eanup: No
Sulfur Cleanup: Yes
Acid Cleanup: Yes
Florisil- Cleanup: No

Sample ID: PGSS-77A
MS/MSD

QC Report No: OHo1-Hart Crowser, Inc.
Project: PORT GAivIBLE

L7330-14
Date Sampled: 12/O9/OB

Date Received: 12/aa/08

MSD: 1.0 mL
Dilution Factor MS: 1.00

MSD:1.00
Silica Gel-: No

Percent Moisture : 28.5%

Sample Amount MS: 25.3 g-dry-wt
MSD: 25.3 g-dry-wt

Date Analyzed MS: o1-/I9/09 11':-29 Final Extract Vofume MS: 1.0 mL

Spike MS Spike MSD

Analyte Sample MS Added-MS Recovery MSD Added-MSD Recovery RPD

Aroclor l-Ol-5 < 4.0 U 15.0 I9.1 76.1,2 l-5.0 19.8 80.89 5.58
Aroclor 1260 < 4.0 U 77-3 L9.'7 87.8* 71.9 19.8 90.42 3.42

Results reported in pg/kg (ppb)
RPD calcufated usj-ng sample concentrations per SWB45.

FORM III

F g'e.-€EF !'1! "{di[e€.8]= g 
-E 
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Alsbfi:ti@
INCORPORATEDORGANICS NTAIJYSIS DATA SHEET

PSDDA PCB by GC/ESD
Page 1 of l-

Lab Sample fD: OH01A
LIMS rD z Q9-646
Matrix: Sediment
Data Rel-ease Authorized , Z
Reported: Ot/zO/09 7

Date Extracted. OI/a4/o9
Date Anal-yzed: 0L/ 1,9 / o9 11 :29
Instrument/Analyst : ECD5/JGR
cPC Cleanup: No
Sulfur Cleanup: Yes
Acid Cleanup: Yes
Florisil Cleanup: No

CAS Number

SampJ.e ID: PGSS-77A
MATRIX SPTKE

QC Report No: OHo1-Hart Crowser, Inc.
Project: PORT GAMBLE

'1,7 330 -1,4
Date Sampled: L2/09/08

Date Recei-ved: 12/IL/OB

Analyte

Sample Amount:
Finaf Extract Vofume:

Dilution Factor:
Silica Gef:

Percent Moisture:

25.3 g-dry-wt
1. 0 mlr
1.00
No

28.52

ResulE

L2674-LL-2
53459 -2L-9
t-26 /z-zv-6
11097 -69-r
rto95 -82 -5
11104 -28-2
11141-16-5
3'7 324 -23 -5
11100 -r4-4

Arocl-or
Arocl-or
Arocfor
Aroclor
Aroclor
Arocl-or
Arocl-or
Aroclor
Aroclor

10 16
L242
1,248
1,254
1,260
L22l-
1232
1,262
126B

Reported in pg/kg (ppb)

PCB SurrogaEe Recovery

.0

.0

.;

.0

.0

.U

U
u
U

TT

TT

U
U

4-O
4-O
4.0
4-O
4.O
4.0
4.O
4.O
4.O

<4
<4
<4

<4
<4
<4
<4

Decachf orob j-phenyl
Te trachl orome taxylene

78.22
80 .22

FORM I
f,*g-J_#d .e'F##EEE
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ORGA.}TICS ANAIJYSIS DATA SHEET
PSDDA PcB by GclECD
Page 1 of 1

Lab Sample ID: OH01A
LIMS ID: 09-646
Matrix: Sediment
Data Release Autho rized., ZReported: 07/20/09 /'
Date Extracted; oI/14/o9
Date Anal-lzed: 0L/ 19 / 09 ]-I:.46
Instrument/Anal-yst : EcD5/JGR
GPC Cleanup: No
Sulfur Cleanup: Yes
Acid Cleanup: Yes
Ff orisil Cl-eanup: No

CAS Number

Sample ID: PGSS-774
}IATRTX SPIKE

QC Report No: OH01-HarE Crowser, Tnc.
Pro j ect : PORT GAIVIBLE

17330-14
DaLe Sampled: 12/09/08

Date Received: 1,2/1,1,/oB

fixsbfi:tb@
INCORPORATEO

DUP

Analyte

Sample Amount:
Finaf Extract Volume:

Dilution Factor:
Silica Gel:

Percent Moisture:

RI,

25. J g-ory-wc
1.0 mL
1.00
No

28.s+

ResulE

L2674-].1,-2
53469 -27 - 9
rzo tz-z>-o
L1097 -69 -1,
11096 -82-s
'1,71,04 -28 -2
11141-16-5
37 324 -23 -5
11100 -L4-4

Arocl-or
Arocfor
Aroclor
Aroclor
Aroclor
Arocfor
Aroclor
ArocLor
Aroclor

1016
1,242
1,248
1,254
1260
1224
1,232
rzoz
1,268

4.O
4-tJ
4.O

4.O
4.O
4.0
4 -O

0
0
n

0

0
0
o

U
U
U

U
U
U
U

Danarf arl i n rta /Va /nn]'r\
t Jt'.- \YY"l

PCB Surrogate Recovery

Decachlorobiphenyl
Te trachlorome taxvl ene

81- .22
tJ5. Z6

FORM I
c"=A,,i:i* d €-=E#ifH:E A-
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firsbfis*@
INCORPORATEDORGANICS AT.IAI,YSIS DATA SHEET

PSDDA PCB bY GC/ECD
Page 1 of 1

Lab Sample ID: LCS-011409
LIMS ID:. 09-646
MaErix: Sediment
Data Refease Authorized:
Reported I O1-/20/o9

DaEe Extracted LCS/LCSD: 01/aa/O9

Date Analyzed LCS: OI/19/09 10:38
LCSD: Or/]-9/ 09 10:55

Instrumene/Analyst LCS : EcD5/JGR
LCSD: ECD5/JGR

GPC CLeanup: No
Sul-fur CleanuP: Yes
Acid CIeanuP: Yes
Florisif CleanuP: No

Analyte

SarnPle ID: LCS - 01140 9

LCSlLCSD

QC Report No: OHO1-Hart Croh/ser, fnc.
Project: PORT GAMBLE

17330-14
Date SamPled: NA

Date Received: NA

Sample Amount

Final Extract Volume

Dilution Factor

Silica

25.0 9-dry-wt
25.0 g-dry-wt
1.0 mL
1.0 mL
1.00
1- 00
No

NA

LCS:
LCSD:

LCS:
LCSD:

LCS:
LCSD:
Gel:

Percent Moasture:

Spike LCS SPike LCSD

LCS Added-LCS Recovery LCSD Added-LCSD Recovery

Arocl-or 1015
Aroclor 1260

Results reported in
RPD calculated using

PCB Surrogate Recovery

DecachlorobiphenYl
Te t rachlorome taxYlene

ps/ks (ppb)
sample concentrations Per SWB46.

61-.52 0.0?
69 -OZ 16.0?

72 .3
LO. Z

20 . o
20.o

51. 5?
81.0t

LZ . )
IJ . U

20.0
20 -o

LCS LCSD
59 .82 58 .22
60. B% 54.22

FORM III
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4
PCB METHOD BLANK SUMMARY

Client: HART CROWSER, INC.

Project: PORT GAMBLE

Lab File ID: 0r198015

Matrix: SOLfD

Instrument ID: ECD5

GC Columns: ZB5/2835

BI.ANK NO.

OHO1MBSl

Lab Name: ANALYTICAL RESOURCES, INC

ARI .Tob No.: OHO1

Lab Sample ID: OH01MBS1

Date Bxtracted: or/14/09
Date Ana.l-yzed: 0I/ f9 / 09

Time Analyzed: IO2I

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS ANd MSD:

0t_
02
03
04
05
06
07
OB
09
t_0
11
12

SAMPLE NO.

oHo 1LCSS1
OHO lLCSDSl
PGSS -77A
PGSS-77A MS
PGSS-77A MSD
PGSS- 8O
PGSS-GEO-3
PGSS - 92
PGSS-51
PGSS- 54
PGSS - 73
PGSS - 75

SAMPLE ID

OHO]-LCSS1
OHOlLCSDSl
OHOlA
OHO1AMS
OHO1AMSD
oHO1c
OHOlF
OHOlG
OHO2E
OHO2P
OHO2V
oHo2w

ANALYZED

or/Le/oe
oL/ Le / oe
o\/Le/oe
or/Le / oe
oL/Le/o.e
oL/ae / oe
oL/ 7e / oe
01/ te / oe
oL/ re / oe
oL/ Le / oe
o!/ 1,e / oe
ot/re/oe

page 1 of 1-
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Arsbfi8rr@
INCORPORATEDORGANICS AI{ALYSIS DATA SHEET

PSDDA PCB by GC/ECD
Paqe l- or r

Lab Sample ID: MB-011409
LIMS ID:. Q9-646
Matrix: Sediment
Data Refease AuthorizedrZ
Reported: o1,/20/o" /t
Date Extracted : o1/aa/o9
Date Analyzed: o1-/ 19 / 09 70 227
f nstrument,/I\nalyst : ECD5/JGR
GPC Cleanup: No
Sulfur Cleanup: Yes
Acid Cleanup: Yes
Ff orisif C]eanup: No

CAS Number

Sample fD: MB-01L409
METHOD BIJANK

QC Report No: OH01-Hart Crowser, fnc.
Project: PORT GAMBLE

L7 330 -1,4
Date Sampled: NA

Date Received: NA

Sample Amount:. 25.Q g
Finaf Extract Vol-ume: 1. 0 mL

Dil-ution Factor: 1.00
Silica Gef: No

Percent Moisture: NA

Rt ResuIEAnalytse

L26t+-Lr-Z
>510>-ZL->
L2672 -29 - 6
L1,O97 - 69 -'t
11096 -82-5
11104 -28 -2
_L-L_L+l--l_O-f,
37 324 -23 - 5
11100 -r4-4

Aroclor
Aroclor
Arocfor
Aroclor
Aroclor
Aroclor
Aroclor
Arocfor
Aroclor

10 16
1,242
T24B
1254
),260
122a
1,232
LZO Z

125B

< 4.0 u
< 4.0 u
< 4.O U
< 4.0 u
< 4.0 u
< 4-0 u
< 4.0 u
< 4.0 u
< 4.0 u

4.O
4-O
4.0
4.0
4 -O
4-O
4 -O
4.0
4.0

Reported in pg/kg (ppb)

PCB Surrogate RecoverY

Decachforobiphenyl
Tet rachf oromet axy1ene

81.0?
/9.56
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AIs5fi8rb@
INCORPORATED

INORGANICS ANA],YSIS DATA SHEET
TOTA], METAI,S
Page 1 of 1

Lab Sample fD: OH01A
LIMS ID: 09-646
Matrix: Sediment ra /
Data Release Authorized rlUt\l/
Reported 0I/26/09 V
Percent Total Sol-ids:. 12.3%

ganp].e fD: PGSS-77A
SAMPLE

OC Rcnnrf Nn. OHOT-H:r'|- Crnwqor. InC.L v!v'tJvl,

Project: PORT GAMBLE
17330-14

Date Sampled: 72/09/OB
Date Received: 12/II/OB

Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte RL mg,/kg-dry O

30508 O1/I3/09 60108 0I/22/09 '1 440-38-2 Arsenic 6 6 U

30508 01/73/09 60108 0L/22/09 7440-43-9 Cadmiurn 0.3 0.5
30508 0L/L3/0 9 60108 OI/22/09 7440-47-3 Chronir:m 0. 6 22.7
30508 01,/L3/09 60108 07/22/09 744O-5O-8 Copper 0- 3 L2.8
30508 0I/1,3/09 60108 OI/22/09 7439-92-L Lead 3 4

CLP 0I/1-3/09 -/41IA 0I/76/09 1439-9'7-6 Mercury 0.05 0.05 U

30508 0I/I3/09 60108 0L/22/09 1440-22-4 Sllver 0.4 0.4 U

30508 OI/I3/09 60108 0I/22/09 7440-66-6 Z:'nc 1 39

ll-An: lrzte ttnclef ccicd :t ni rren RL
Rl-Reporti-nq Limit

FORM-I
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fixs:f;J8*@
INCORPORATED

INORGAT.IICS ANAIYSTS DATA SHEET
TOTAI METAIS
Paqe 1 of 1

Lab Sample ID: OH01C
LIMS ID: 09-648
Matrix: Sediment
Data Rel-ease Authorized
Reported: 0I/26/09

SampJ.e ID: PGSS-8O
SAI.{PLE

QC Report No: OHO1-Hart Crowser, fnc.
Project: PORT GAMBLE

17330-14
Date Sampled: 12/I0/08

Date Received: 72/17/08

Percent Total Sofids: 82.4e"

Prep Prep Analysis Analysis
Meth Date Method Date CAS Nunber Analyte RL nglkg-dry A

30508 0I/73/09 60108 01,/22/09 1440-38-2 Arsenic 6 6 U

30508 0!/73/09 60108 07/22/09 1 440-43-9 Cadmium 0.2 0.2 U

30508 01/73/09 60108 0I/22/09 7440-47-3 Chromiun 0. 6 20.L
30508 0I/I3/09 60108 07/22/09 7440-50-8 Copper 0.2 7 .O
30508 07/73/09 60108 OI/22/09 1 439-92-I Lead 2 2 U

CLP 0I/13/09 14'77A 07/16/09 1439-91-6 Mercury 0.06 0.06 U
30508 OI/I3/09 60108 OI/22/09 1440-22-4 Sllver 0.3 0.3 U

30508 OI/73/09 60108 0\/22/09 7440-66-6 zinc 7 26

Il-Ana I rzf e rrndctecf er-l ,at ni rron ftl
Rl-Reportinq Limit

FORM-T
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ixsbfi:ti@
INCORPORATED

INORGAI{ICS ANAIYSIS DATA SHEET
TOTAI METAI.S
Paqe 1 of 1

Lab Sample ID: OHOlF
LIMS ID: O9-651
Matrix: Sediment
Data Refease Authorized:
Rcnnrtcel' 01 /?6/09

Sample fD: PGSS-GEO-3
SA}4PLE

QC Report No: OHO1-Hart Crowser, Inc.
Prolect: PORT GAMBLE

17330-14
Date Sampled: 12/70/08

Date Received: 12/17/08

Percent Total- Sofids: 71.8%

Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Anal-yte RL mg/kg-dry a

30508 0I/L3/09 60108 01,/22/09 1440-38-2 Arsenic
3050B OI/13/0 9 60108 OI/22/09 1 440-43- 9 Cadmium
3050B O1/L3/09 6010B 07/22/09 7440-47-3 Chromium
3050B 0I/L3/0 9 60108 0I/22/09 744o-5O-B Copper
3050B 0I/13/09 6010B 07/22/09 1 439-92-7 Lead
CLP 0I/73/09 1 41IA 0\/16/09 1 439-91-6 Mercury
3050B 01/13/09 60108 OI/22/09 1440-22-4 Sil-ver
3050B 0L/73/09 6010B 01,/22/09 7440-66-6 Zj-nc

tl-An,al wte rrnrJef pcf cd :t ai rzcn Ql
Rl-Reportinq Limit

1

0.3
0.1
0.3

3

0.06
0.4

1

7U
0.3 u

16.8
5.9

3U
0.06 u
0.4 u
28

FORM-I
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Arstf;isrb@
INCORPORATED

INORGANICS ANAIYSIS DATA
TOTAI METALS
Paqe 1 of 1

Lab Sample fD: OHO1c
LIMS ID: 09-652
Matrix: Sediment
Data Release Authorize
Rcnnrf crl . O1 /)6/09

Percent Tota-l- Sol-1ds:

SHEET

62 .9'.2

Analysis Analysi-s
Method Date CAS Number

g:np1e ID: PGSS-92
SA}'fPLE

QC Report No: OHO1-Hart Crowser, Inc
Project: PORT GAMBLE

17330-14
Date Sampled: 72/70/OB

Date Received: 12/II/OB

Prep
Meth

Prep
Date Analyte RL nglkg-drlr A

30508
30 50B
30508
30508
30508
CLP

30508
30508

0r/73/09
0r/73/09
01/13/09
o7/13/09
01-/13/09
0r/13/09
0r/)-3/09
or/13/09

60108
6 010B
60108
6010B
6 010B
141LA
6 0108
60 10B

0r/22/09
0r/22/09
or/22/0e
or/22/09
07/22/09
0L/16/09
o1/ 22 / 09
0r/22/09

1 440-38-2
7 440-43-9
7 440-47-3
7440-50-8
7 439-92-L
1 439-91 -6
1 440-22-4
7 440-66-6

Arsenic
Cadniun
Chromium
Copper
Lead
Marnrrrr;

S i-l-ver
Zinc

8

0.3
0.8
0.3

3

0.07
0.5

2

B

o.7
25 .9
22.L

6

0 .07
0.5

49

[]-An: I rrf a rrndctac1- arl ri- c i rzcn
' __"--J

RL-Reportino Limit
RL

FORM-I
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Arsbfisr!@
INCORPORATED

INORGANICS ANALYSIS DATA SHEET
TOTA]. METALS
Paoe 1 of 1

T.ah Semnl e TD' OHQ1A
LIMS ID:. 09-646
Matrix: Sediment
Data Rel-ease Authorize
Reported : 0L / 26 / 09

Analysis
Analyte Method Sample

Sample ID: PGSS-??A
MATRIX SPIKE

QC Report No: OHOl-Hart Crowser, Tnc.
Project: PORT GAMBLE

17330-14
Date Sampled: L2/09/OB

Date Received: 12/II/OB

}fATRIX SPIKE QUAIITY CONTROL REPORT

Spike
AddedSpike

I
Reeovery O

Arsenlc 60108
Cadmium 60108
Chromium 6010B

6 0108
6010B

6U
0.5

22.1
\2 .8

4

0.05 u
0.4 U

39

262
64.1
83. 1

11 .0
254

0.58
6-7 .2

L02

258
64 .6
64 .6
64 .6

258
0.551

64-6
64.6

r02%
99.42
93.5%
99 .42
96 .92

1052
r04z

9'7 .5e"

Lead
Mercury 1 417A
SiIver
Zinc

60 108
6 0108

Reported rn mglkg-dry

N-Contro]- Limit Not Met
Fl-9 Rocnrrar\/ NT^f Annl i n:hl a Q:mnl o i.-nnnanf r:l- i nn Tnn Lli nl-rn}/yr r uqvre / uqrrrvf s vv rrrYrr
NA-\lnf Ann l i n:l^r'l e An: I rzJ-a NloJ- Qni kod

Percent Recovery Limits: 15-125%

FORM-V
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AXs5fi:ti@
INCORPORATED

INORGANICS AI{ALYSIS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab Sample fD: OH01A
LIMS ID: 09-646
Matrix: Sediment A I
Data Re-Iease Authorized ,lW,,
Ranarf arl . n1 /)G /09 V lf

Y/

SampJ-e ID: PGSS-77A
DUPLICATE

QC Report No: OHOl-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-14
Date Sampled: 72/09/OB

Date Received: 72/I7/08

}TATRIX DUPLTCATE QUAIITY CONTROL REPORT

Analysis Control
Analyte Method Sample DupJ-icate RpD Lirnit a

Arsenrc 60108 6U 6U O.OB +/-6 L
Cadmium 60108 0.5 0.5 O.O% +/- O.3 L
Chromj-um 60108 22.j 26.4 15.18 +/- 2OZ
Copper 60108 I2.8 13.0 I.6Z +/- 20%
Lead 60108 4 4 0. OU +/- 3 L
Mercury 1417A 0.05 U 0-05 U O.O% +/- O.O5 L
Silver 60108 0.4 U 0.4 U 0.0? +/- O.4 L
ZLnc 60108 39 38 2.62 +/- 2Os"

Reported in mg/ kg-dry
*-Control Lirni-t Not Met
L-RPD Invalid, Limrt : Detection Limit

FORM_VI
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Ausbfi:rb@
INCORPORATED

INORGANICS AI{ATYSIS DATA SHEET
TOTAI METAI.S
Page 1 of 1

Lab Sample ID: OHO1LCS
LIMS ID: 09-648
Matrix: Sediment
Data Refease Authorized
Rcnorf cri ' 01 /26/09

Analyte
Analysis
Method

ganF]-e ID: LAB CONTROL

QC Report No: OH01-Hart Crowser, Inc
Project: PORT GAMBLE

17330-l_4
D:fp Samnlpd' NA

Date Received: NA

BLANK SPIKE QUAIITY CONTROL REPORT

Spike
Found

Spike
Added

E

Recovery o

Arsenrc
Cadm-ium
Chromium

Lead
Mornrrrrr

Sifver
Zinc

60108
60108
60108
60108
60108
141IA
60 10B
6010B

202
50. 6

48.8
49 .5

198
r .02
53.1

50

101?
101%

91.6%
99 .02
99. 0%

t02z
706%
100%

200
50.0
50.0
50.0

200
1.00
s0. 0

50

Reported in mglkg-dry

N-Controf limit not met
\IA-lrln'|- Annl i n:l-rl o An: I rri- o hlnl-

Control- Limits: 80-120?

FORM-VIT
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AIsbfi:*@
INCORPORATED

Sa-mp].e ID: METHOD BLANK
INORGANICS ANAIYSIS DATA SHEET
TOTAI METATS
Page 1 of 1

Lab Sample ID: OHO1MB
LIMS ID: 09-648
Mat rix: SedimenL A^/ ,.'
Data Re-Iease Autho rized!ff
Ponnrf ar| . 01 /?6/09 (l/

v

Percent Totaf Sofids: NA

QC Report No: OHOl-Hart Crowser, Inc.
Project: PORT GAMBLE

17330-14
Date Sampled: NA

Date Received: NA

Prep
Meth

Prep
Date

Analysis Analysis
Method Date CAS Number Anal-yte RL mg/kg-dry O

30508
30508
30508
30508
3050B
CLP
3050B
3050B

0r/L3/09
0L/13/09
or/L3/09
a7/L3/09
0r/13/09
0r/13/09
07/13/09
0L/13/09

6 0108
6 0108
6010B
60108
6 0108
1477A
60 10B
60 10B

0L/22/09
0L/ 22 / 09
0r/22/09
0r/22/09
ar/22/09
0r/16/09
01/22/09
0r/22/09

1 440-38-2
7 440-43-9
1 440-41-3
1 4 40-50-8
1 439-92-r
1 439-91 -6
1 440-22- 4

1 440-66-6

Arsenic
Cadmium
Chromium

Lead
Mornrrrrr

Sil-ver
Zinc

5

0.2
0.5
0.2

2

0.05
0.3

1

5

0.2
0.5
0.2

2

0.05
0.3

1

U

U

U

U

U

U

U

U

Il-An: lrrl'o rrnrlof anf ad :f ai rron

Rl-Reporti-nq Limit
RL

FORM-I
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SAMPLE RESULTS-CONVENTIONALS aNALyTICAL 6\
OHOl-Hart Crowser, Inc. RESOURCES\7

INCORPORATED

Matrix: Sediment n^ i .,' Pro j ect : PORT GAMBLE
Data Rel-ease Authorized, lW,/ Event: 17330-14
Dannrf arr. 

^1 
/)) /09 U J- Date sampled: 72/10/09v Date Received: I2/II/OB

Analyte

CIient ID: PGSS-GEO-3
ARr rD: 09-651- OH01F

Date Method Units RL Sample

Totaf Sol-ids 0I/09/09 EPA 160.3 Percent 0.01 70.90
010909#1

Preserved Total Solids 0I/09/09 EPA 160.3 Percent 0.01 1I.90
010909#1

Total Volatile Sol-rds 0),/09/09 EPA 160.4 Percent 0.01 I.'74
010909#1

N-Ammonia OI/I4/09 EPA 350.1M mg-N/kg 0.L4 10.4
011409#3

Suf fide 13. 9 rr4OI/1,3/09 EPA316.2 mg/kg
011309#1

T^+-l n-^-n.i^ 
^-rvLqr vlvarrru vorboD 0I/L3/09 Plumb,l981 Percent 0.020 L.18

011309#1

RL Analytical reporting Iimit
U Undetected at reported detection limlt

Ammonia determined on 2N KCf extracts.

Sni l S:mnlo Rcnnrt-OH01ru r\evv

c -EB-ii;i+ e$ ieEEEE-+--#
@4 4W& ' 4i4WW@w



MS /MSD RE SULTS -CONVENT IONALS
OHOl-Hart Crowser, Inc. Arsbfisrr@

INCORPORATED

Matr-ix: Sediment
Data Release Authorized
Ronnrferl. n1 /?? /09

Project: PORT GAMBLE
Event: 17330-14

r-\:l-a e:mnrarr:. 72/10/08
Date Received: 72/1L/08

Spike
Date Units Sample Spi-ke Added RecoveryAnalyte

ARI ID: OH01F Client ID: PGSS-GEO-3

N-Ammonia 0I/I4/09 mg-N/kg L0.4 135 I29 96.12

Sulfide 0I/I3/09 mg/kg I74 251 164 8'7.22

Total- Organic Carbon 0I/I3/09 Percent 1.78 3.75 1. 85 106.3?

Soj-l MS/MSD Report-OHO1

@de@&, @www&



Matri-x: Sediment
''-- hori zedudLd neredSe HUL

Reported:. 0I/22/09

Analyte

RE PIIC.A,TE RE SULTS -CONVENT IONAJ,S
OHO1-Hart Crowser, fnc.

Date

Project: PORT GAMBLE
Event: 17330-14

Date Sampled: 72/I0/08
Date Received: 12/1I/OB

Units S:nple Replicate (s) RPD/RSD

Arsbil8*@
INCORPORATED

ARI rD: OH01F Client ID: PGSS-GEO-3

ToLa.l- Sol ids 0l/09/09 Percent 70.90 59.50 r.2Z
69.50

Preserved Total Solids 01/09/0 9 Percent 71.90 69.20 2.82
68.10

Tota-I Volatile Solids 0I/09/09 Percent I.14 1.81 2.02
r .16

N-Ammonia

Suf fide

m^+-r A---^; - -1rbon!vLoa v!vorrau !o

0I/ 14 / 09 mg-N/kg 10 . 4

0I/1.3/09 mq/ks LIA

OI/13/0 9 Percent I.18

9.9I 2.62
10.0

103 10. 1%

L.46 72.52
1 A2

Soi I Replicate Report-OH01

F?e--EsE € GfteE#FFw&4w&,MW@Wk



I,AB CONTROL RESI.'LTS-CONVENTTONAIS
OHO1-Hart Crowser, Inc. Arssfiseb@

INCORPORATED

Matrix: Sediment
Data Release Authorized
Ronnrfcrl' n1 /2) /09vLt L-/

Proj ect
Event

l-):f a Qrmnl arl

Date Received

PORT GAMBLE
17330-14
NA
NA

Spike
Analyte Date Units LCS Added Recovery

Sulfrde OI/I3/09 mq/kg 135 723 110.1%

Totaf Organic Carbon 0I/I3/09 Percent 0.535 0.500 107.0%

Soil- Lab Control Report-OH01
E:1]lili.sB rg !=R.s=.fl*e8=' ":F
MA8Me ' @@W@WW



Matrix: Sediment
Data ReIease Authorized
Reported: 0I/22/09

Analyte

METHOD BLANK RESULTS-CONVENTIONAIS aNALYTTCALA
OHOl-Hart Crowser, fnc. RESOURCES\Z

INCORPORATED

Project: PORT GAMBLE
Event: 17330-14

I-):t. o S:mnl od. NA
Date Received: NA

Date Units BIank

'1 0t41 50r10s

Preserved TotaI SoIids

TotaI VoIatiIe Sofids

N-Ammonra

Sul fide

m^!^r n---,r^ ^^rbonf 9Ldr vr9arta! !o

0L/09/09 Percent < 0.01 U

0I/09/09 Percent < 0.01 U

0I/09/09 Percent < 0.01 U

OI/I4/09 mg-N/kg < 0.10 U

0I/I3/09 mg/kq < 1.00 U

0I/I3/09 Percent < 0.020 U

SoiI Method Blank Report-OH01
e:?.E=JsR '* S,Bi-*+.#'ff.= ?
@4qiw&tMAWWW$W



STAI{DARD REFERENCE RE SULTS -CONVENIIONAIS
OHOl-Hart Crowser, Inc. Ais5fi8ri@

INCORPORATED

Matrix: Sediment n. .' ./'

Data Release Authotir"OIXl ,/
Rannrf orr. n1 / 22 / ^o 1 lYr\urrv! LUu. vtt zzt ua F I'

Analyte,/SRM fD Date

Prolect: PORT GAMBLE
Event: 17330-14

Del_e Semnled: NA
Date Received: NA

True
Units SRM Value Recowery

N-Ammonia 0)./14/09 mg-N/kg 96.6 100 96.62
SPEX 28 -24A5

' ^ rbon OI/1.3/O 9 Percent 3.95 3.35 LIl .92I VLAf V!9Orrf U Uq

NIST #8704

Soif Standard Reference Report-OHO1

wa4w&tMMww*



GEOTECH

_fr}tJfi* .3 ffi-ffi-sF€-€4a *M& ' WryWWW



I

c
o
o

o
c
'6
@
f

.9

q)

G

ooa
c
'-
f

.E

.a

o
.Na
.g
(E

4)
o
o-
(E

q)
E
q)
(!
(D
J

o)
E

o)

o)E
af

.=
6o

'c

4)

o

c
o

PB

oc
cO(o

6Y'9o
z-

r-E.-55.@,1i -frEE#E-=F@4 A@@ & ' WWWW e

G
O

:tl
d

co -t

N

N
s

t-
$ ro

oq
v

=_a

o
q
(o n v ro

ts
N

r
FT

N; O t
s N

o

d ro
ul { \ q

n
o

\
N

n
ON o

N
o

q)

.c-

a-'

o-N(c o
a
o ^io

()
@ ;

c
(g
a
c)
.g

;()
co
N
<f

o)

s r
N

N
N

F

N
oc(o raftc

q
(o v

c q
N$

3o
o6
o-'

coc ^i@

c\
v
co

$
r N

\

-9oo(ot>3.') +?
s N

ci
a
@

o
(o

o
o)

F. d d
N

$u)ltNv
:
O)
o)

I
o)

r
N
o

CO

: ^ ,-

z
q)
o
E(!
U)

o
.N

.E
(L

NO

>-:.oE

L!

)<

r
N
aa
/n

N

aa
o_

-o
EN
=th*-;,
^:

c x 5.!l

9r - E;lc) od
YF lqr/1 E ll
:_q ad)
: (J -c#r ai!

v;
!y

Fb6o-oo



-
c

q)

oc

c
'6
o
l

.9

o

6
oc
O()
(/)

c
--
l
!
.a
E
o)
.Na
.g
(g

c
0)

o
o-o
C!

oE
c)
o
o
o)f

o
E

c)t

lc
;
c
ao

-E

c)

o

c
ao
3
0)

s
E
.9coo

i;
.E
a
c)
F
oc

;
a)

z

@& &6&& ' WWWWW

:va)
rI

s r)
v
Oo N

t

r)
@

o

ry, o d €o no

O

O)

9

6i

oq r:
Gi

o

ni
o

o, N \ R

o)

ir=
-(,o N

o
o ri

N
6i N N

a
oc

L

N

(o

oq

q?
I
f.

In o
N
N

c?
N

=:0)-,
c
r,

q
N
6

a
o

=U)
oq
6

lr)
I q

N
@

q
N -i

N
di

-:

a)c_
>(o
a-' o

Rq
Fi:

; a
N

q
N

u?
O)

c
rua
o
.c
LL

o

N @Fi

N
sf, s

n
s r)

tr

E,s
C\l ooo@N

ooooI

o
o
e{

ct
N

u?
t.-

fl:
o-'

o
o

=o

(o q q
N

-3oO(E;>3d
FO

c 3 -
s
N

o)

N
oA
I8
^!t

r v \ A N

z
q)
o
Eoa

q)
.!Ja
=o_

o^
NO
-'o u

Y

N
N
a
o
L

:
J
i.
t
]-

=^F=

AtL
$ :Y

E9 =a--u .€+
.9? ,t'i

I o o:
Oc nr.!
r\E .No

/nO
:v -.=#r ;E

^ tqtr
EEoohg
R3













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 16



Page 17



Page 18



Page 19



Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 16



Page 17



Page 18



Page 19



Page 20



Page 21



Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 16



Page 1



Page 2



Page 3



Page 4



Page 5



Page 6



Page 7



Page 8



Page 9



Page 10



Page 11



Page 12



Page 13



Page 14



Page 15



Page 16



Page 17



   
Hart Crowser   
17330-14  February 11, 2011 

APPENDIX C 
SEDIMENT TOXICITY TESTING 

DATA QUALITY REVIEW AND 
LABORATORY BIOASSAY REPORTS 

NORTHWESTERN AQUATIC SCIENCES 
NAUTILUS ENVIRONMENTAL 



   
Hart Crowser  Page C-1 
17330-14  February 11, 2011 

APPENDIX C 
SEDIMENT TOXICITY TESTING DATA QUALITY REVIEW 
AND LABORATORY BIOASSAY REPORTS 
NORTHWESTERN AQUATIC SCIENCES  
NAUTILUS ENVIRONMENTAL 
 

Sediments were evaluated based on Sediment Management Standards (SMS) 
biological criteria.  These criteria are based on both statistical significance (a 
statistical comparison) and the degree of biological response (a numerical 
comparison).  The SMS criteria are derived from Chapter 173-204 WAC and the 
Ecology SAPA (Ecology 2003).  Two numerical comparisons are made under 
SMS—the Sediment Quality Standards (SQS) and the Cleanup Screening Level 
(CSL).  The SQS is more stringent than the CSL, allowing for a smaller biological 
response in the test treatments. 

Bioassay pass/fail test results relative to SQS and CSL criteria are based on a 
comparison of responses observed in the test treatments versus those in the 
reference treatment.  Reference site selection is based on sediment grain size.  
Based on similarity in grain size, reference samples CR20W, CR23MOD, and 
MSMP43 were used for comparison to test treatments. 

52 surface sediment samples were evaluated for toxicity using Microtox tests.  
32 surface sediment samples were evaluated for toxicity by bioassay.  Three 
reference samples were evaluated in conjunction with the Microtox and 
bioassay tests.  Sample identifications, laboratory job numbers, and analytical 
tests are summarized in Table 2. 

Amphipod (Eohaustorius estuarius) 10-Day Toxicity Test 

Under the SMS program, a test sediment fails SQS if mean mortality is 
statistically significantly higher than that of the reference sediment and mean 
mortality in the test sediment is greater than 25 percent.  Sediments fail the CSL 
if the test sediment mortality is both statistically significantly different and 30 
percent greater than the reference sediment.  Percent mortality for all samples 
was not significantly greater than in the associated reference samples and mean 
mortality for test sediment samples was less than the 25 and 30 percent criteria.  
Therefore, all test sediments passed both SQS and the one-test criterion for CSL. 

The test quality control parameters described below were within acceptance 
criteria, and data are acceptable for use in making decisions under SMS. 
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Controls 

The tests met acceptance criteria of less than 10 percent for mean control 
mortality; average mortality for the five replicates for each test were 0.0 and 3.0 
percent.  Replicate control acceptability criteria (less than 20 percent mortality in 
any one replicate) were also met with individual mortalities of 0.0, 0.0, 0.0, 0.0, 
and 0.0 percent in test 780-1 and 0.0, 0.0, 10.0, 5.0, and 0.0 percent in test 780-
4 for the replicate samples. 

Reference Sediment 

The response in the reference sediment samples met SMS criteria of less than 25 
percent mean mortality.  The mean mortality was 1.0 percent for the reference 
samples in test 780-1.  The mean mortality was 2.0 percent for the reference 
samples in test 780-4. 

Reference Toxicant 

The reference toxicant (ammonia) test results were within laboratory control 
chart warning limits. 

Juvenile Polychaete (Neanthes arenaceodentata) 20-Day Toxicity Test 

Bioassay pass/fail test results relative to SQS and CSL criteria for the juvenile 
polychaete test were based on mean individual growth (MIG) rates.  A test 
sediment will fail SQS if MIG in the test sediment is 70 percent less than the 
reference sediment, and MIG is statistically different in the test sediment relative 
to the reference.  The sediments will fail CSL if MIG is 50 percent less than the 
reference sediment and statistically different than the reference sediment. 

The MIG for the samples was not significantly lower (and not less than 70 or 50 
percent lower) than the corresponding reference sediment.  The test sediments 
passed both SQS and the one-test criterion for CSL. 

The test quality control parameters described below were within acceptance 
criteria with exceptions noted.  Data from Test No 780-2 are provisionally 
acceptable for use in making decisions under SMS.  Data from Test No. 780-5 
are acceptable for use in making decisions under SMS. 

Controls 

The test met acceptance criteria of greater than 90 percent for mean control 
survival; average survival for the five replicates was 100 percent. 
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The individual growth rate for the controls was 1.04 mg/day/worm for Tests No. 
780-2 and 780-5, above the SMS minimum of 0.72 mg/day/worm for Neanthes. 

Reference Sediment 

The response in the reference sediment samples met SMS of less than 20 
percent mean mortality with one exception.  One replicate beaker (Beaker #5) 
for CR23MOD for Test No. 780-2 showed complete and unexplained mortality 
at the end of the test.  The laboratory recovered the dead worms, dried, and 
weighed them, but the weights proved unusable.  The laboratory subsequently 
excluded the results from the statistical analysis, and utilized the water quality 
replicate (Beaker #6) for data analysis.  If the aberrant beaker is excluded, all 
reference sediments meet the performance standard requirement for mortality.  
The mean mortality was 0.0, 4.0, and 4.0 percent for the reference samples for 
Test No. 780-2, and 8.0, 0.0, and 0.0 percent for the references samples for Test 
No. 780-5. 

The growth rate criterion for reference sediments (greater than 80 percent of the 
control growth weight) was also met with one exception.  The growth rate for 
CR 20W was 71.2 percent of the control. 

Reference Toxicant 

The reference toxicant (ammonia) test result was within laboratory control chart 
warning limits. 

Larval (Mytilus galloprovincialis) 10-Day Toxicity Test 

For the larval test, treatments fail SQS if the mean number of normal larvae in 
the test treatment is significantly less than that of the reference and the 
combined mortality and abnormality (CMA) in the test treatment is greater than 
15 percent of the CMA in the reference.  Treatments fail CSL criteria if the CMA 
is greater than 30 percent of the response observed in the reference. 

Although SMS does not have a specific reference sediment performance 
criterion, the Dredged Materials Management Program (DMMP) criterion is 
often used.  The DMMP criterion specifies that the CMA in the reference 
sediment be less than 35 percent of the seawater control value.  Except for 
reference sample CR23MOD, CMA in reference sediment compared to controls 
met the DMMP criterion.  The CMA for reference CR23MOD was 47.8 percent. 
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Controls 

The test met acceptance criteria of greater than 70 percent normality in the 
seawater control; control percent normality was 108 and 97.5 percent.  for 
laboratory batches 780-3 and 780-6, respectively. 

Reference Toxicant 

The reference toxicant (copper sulfate) test result was within laboratory control 
chart warning limits. 

Microtox Tests 

For the Microtox test, a test mean output of less than 80 percent of the 
reference mean output, and a statistically significant difference between the test 
and the reference mean outputs is an SQS failure.  Based on these criteria, 
samples PGSS-16, PGSS-62B, PGSS-51, PGSS-58, PGSS-63, and PGSS-69 
exceeded the SQS for Microtox. 

Sample PGSS-16 had high turbidity (> 100 NTU), which may have inhibited the 
transmission of light from the bacteria.  Therefore, the results for this sample may 
be an artifact of the testing, not an indication of toxicity. 

The reference sample CR23MOD did not meet the acceptability criteria.  The 
associated samples were compared to the control. 

Controls 

The Control Final mean output was greater than or equal to 80 percent of the 
Control Initial mean output.  Control final mean outputs were 83 to 102 percent. 

Reference Toxicant 

The reference toxicant (phenol) test results were within the acceptable range of 
historical results. 

J:\Jobs\1733014\RI Report\Final Port Gamble RI Report.doc 
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(see attached DVD) 
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Mr. Roger McGinnis 
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Subject: Port Gamble Bay, WA, Sediment Profile Imaging and Plan View Photography Survey 
 Data Report 
   
Dear Roger: 
 
SAIC is pleased to submit three DVDs containing copies of the Sediment Profile Imaging (SPI) and Plan 
View Photography Survey, Port Gamble Bay, WA, Data Report.  The DVDs also contain Appendix C, 
which includes electronic files of the SPI and plan view images.   
 
SAIC appreciates the opportunity to assist Hart Crowser, Inc. and the WA Dept of Ecology with this SPI 
and plan view photography study.  If you have any questions, please do not hesitate to contact me at (425) 
482-3313. 
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SCIENCE APPLICATIONS INTERNATIONAL CORPORATION 

 
John S. Nakayama 
Senior Oceanographer 
Environmental Sciences Division 
 
cc: Ms. Denise Kilpatrick 
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1.0 0BIntroduction 

Science Applications International Corporation (SAIC), under contract to Hart Crowser, Inc., 
conducted a sediment profile imaging (SPI) and plan view photography survey in Port Gamble 
Bay, WA.  The survey was conducted to evaluate the presence of wood debris in surface 
sediments and assist in the evaluation of sediment quality in Port Gamble Bay.  The study is 
sponsored by the Washington State Department of Ecology in support of cleanup activities under 
the state’s Puget Sound Initiative. 

Port Gamble Bay, WA, located on the northern end of the Kitsap peninsula near the entrance to 
Hood Canal, has historically supported wood product industries.  The Pope & Talbot Sawmill, 
formerly located at the northwestern end of Port Gamble Bay, manufactured wood products from 
1853 to 1995 (Ecology 2008a).  The site consisted of a sawmill, woodchip loading facilities, a 
log transfer facility, and log rafting and storage areas (Figure 1).  A separate log storage area in 
the southwest portion of the bay was in operation from 1974 to 1995.  The site, consisting of 74 
acres of state-owned aquatic lands, was managed by the Washington State Department of Natural 
Resources and leased to Pope & Talbot (Ecology 2008b).   

Log rafting and chip loading operations have likely resulted in the deposition of wood debris on 
the seafloor of Port Gamble Bay.  The SPI and plan view photography survey was conducted to 
map the distribution of wood debris in surface sediments.  In addition, several physical and 
biological parameters were evaluated from SPI and plan view images to assist with the 
evaluation of sediment quality, and help focus additional sediment investigation in Port Gamble 
Bay.  
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2.0 1BSurvey Methods 

This section describes the methodology for vessel positioning and collection of photographic 
images of sediments using SPI and plan view photography.  The results of the survey are 
summarized in Section 3.0. 

2.1 5BVessel and Navigation 

The SPI and plan view camera survey were conducted aboard the research vessel (R/V) 
Kittiwake owned and operated by BioMarine Enterprises, Seattle, Washington.  The Port Gamble 
survey was conducted November 14 through 16, 2008.  Vessel positioning and navigation was 
accomplished using a Trimble NT300D differential global positioning system (DGPS) with a 
minimum positional accuracy of ± 2 meters.  Geographic coordinates for sampling locations are 
provided in Appendix A.  A total of 120 locations were occupied during the 3-day survey (Figure 
2).   

2.2 6BSediment Profile Imaging 

SPI provides a cross-sectional photograph of the sediment/water interface and near-surface 
sediment (15 by 20 cm area).  Images were collected using a Benthos model 3731 SPI camera 
equipped with an Ocean Imaging System digital system.  The SPI camera consists of a wedge-
shaped prism with a Plexiglas faceplate and a back mirror mounted at a 45-degree angle.  Light 
is provided by an internal strobe. The mirror reflected the image of the profile of the 
sediment/water interface to a digital camera mounted horizontally on top of the prism (Figure 3).  
Three replicate images were collected from each SPI sampling location.  One representative 
image was selected from each location and evaluated for the presence of wood debris and 
analyzed for grain size major mode, depth of the apparent redox potential discontinuity depth, 
infaunal successional stage, and habitat classification type.  

2.3 7BPlan View Photography 

Plan view underwater still photography was conducted simultaneously with the SPI photography.  
Plan view images were taken using a downward-looking PhotoSea underwater 35 millimeter 
camera and strobe that were mounted on the SPI camera frame.  The plan view camera provided 
a photograph of the sediment surface (20 by 30 cm area) near the front of the SPI camera 
faceplate.  The 35 millimeter slide film was digitized following completion of the survey and one 
representative image from each location was evaluated for the presence of wood debris, eelgrass, 
and other macrofauna. 

During the last day of the survey, plan view images were not obtained due to a malfunction in 
the plan view camera.  Plan view images were not obtained at 26 locations (22 percent) occupied 
during the last survey day.  In addition, the deployment and retrieval of the SPI camera on the 
seafloor resulted in sediment resuspension and turbidity in the water column at a few locations 
where fine-grained surface sediments were present.  At three locations (3 percent), only cloudy 
plan view images were collected and the presence or absence of woody debris and macrofauna 
on the sediment surface could not be determined.       
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2.4 8BImage Analysis Methods 

The primary focus for the image analysis of the SPI and plan view images was the determination 
of wood debris in surface sediments.  SPI and plan view images were also evaluated for the 
presence of eelgrass and other macrofauna (e.g., sea pens, sea whips).  In addition, a computer-
based image analysis system was used to measure several parameters from the SPI images that 
can assist with the evaluation of sediment quality.  The parameters measured included: 

• Sediment grain size (major mode and range), 
• Depth of the apparent redox potential discontinuity (RPD), 
• Infaunal successional stage, and 
• Benthic habitat categories. 

2.4.1 Wood Debris (SPI and Plan View) 

A proportional estimate of wood debris (percent by area) was visually determined from the SPI 
image (profile to a maximum depth of 20 cm) and plan view image (20 by 30 cm surface area) at 
each location (Munsell 2000).  Wood debris observed during the survey consisted of bark pieces, 
weathered log and branch pieces, and small particles.  In addition, the presence of eelgrass and 
other macrofauna (e.g., sea pens, sea whips) was also recorded. 

2.4.2 Sediment Grain Size 

The sediment grain size major mode and range, in phi units, were visually determined from the 
SPI images by comparison with grain size scales included in the image analysis software 
interface.  The grain size comparator is a series of seven Udden-Wentworth size classes (equal to 
or less than coarse silt up to granule and larger sizes): ≥ 4 phi (silt/clay), 4 to 3 phi (very fine 
sand), 3 to 2 phi (fine sand), 2 to 1 phi (medium sand), 1 to 0 phi (coarse sand), 0 to -1 phi (very 
coarse sand), and <-1 phi (gravels).  The lower limit of optical resolution is about 62 μm, 
allowing recognition of grain sizes equal to or greater than coarse silt.  The accuracy of this 
method has been documented by comparing SPI estimates with grain size statistics determined 
from laboratory sieve analyses (SAIC 1986).   

2.4.3 Apparent Redox Potential Discontinuity Depth 

The apparent RPD depth estimates the depth of oxygenation in the upper sediment column and 
can be considered the biological mixing depth by infaunal organisms. The upper surface of 
aerobic fine-grained sediments has a higher light reflectance value than underlying hypoxic or 
anoxic sediments.  This is apparent in SPI images and is due to oxidized surface sediment that 
contains minerals in an oxidized state (typically an olive color), while the reduced sediments 
below this oxygenated layer are generally gray or black.  The boundary between these layers is 
called the apparent RPD.  The apparent RPD depth provides an estimate of the biogenic sediment 
mixing depth because bioturbating organisms mix the oxidized sediment particles downward into 
the sediment column.  Bioturbation also vertically transports buried reduced compounds to the 
sediment surface and exposes them to an oxidized water column (Aller 1982).   
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2.4.4 Infaunal Successional Stage 

Benthic infaunal communities generally follow a three-stage succession following a disturbance 
of the seafloor (Figure 2-2) (Pearson and Rosenberg 1978; Rhoads and Germano 1986).  Stage I 
infauna are typically the first organisms to colonize the sediment surface.  These opportunistic 
organisms may consist of small, tubicolous, surface-dwelling polychaetes.  Stage II organisms 
are typically shallow-dwelling bivalves or tube-dwelling amphipods.  Stage II communities are 
considered a transitional community before reaching Stage III, the high-order successional stage 
consisting of long-lived, infaunal deposit-feeding organisms.  Stage III invertebrates may feed at 
depth in a head-down orientation and create distinctive feeding voids visible in SPI images. 

2.4.5 Benthic Habitat Categories 

The benthic habitat categories determined from SPI images are based on the physical substrate 
type, the infaunal successional stage present, and the presence or absence of epifauna (Diaz 
1995).  The categories are organized by sediment type and include hard sand bottom, hard rock 
or gravel bottom (HR), and unconsolidated soft bottom.  In addition, a separate category is 
provided for the presence of amphipod tube mats (Ampelisca spp.) at the sediment-water 
interface.  The full list of categories and descriptions is provided in Table 1.  Example SPI 
images showing benthic habitat categories observed in Port Gamble Bay are provided in Figure 
4. 
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Figure 1T.  Location Map of Port Gamble Bay, WA (from Ecology 2008b) 
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Figure 2.  SPI and Plan View Sampling Locations 
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Figure 4.  Example SPI Images Showing Benthic Habitat  
Categories Measured in Port Gamble Bay 
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Table 1.  Benthic Habitat Categories Assigned to Sediment Profile Images 
 
Habitat AM: Ampelisca Mat 
Uniformly fine-grained (i.e., silty) sediments having well-formed amphipod (Ampelisca spp.) tube mats at the 
sediment-water interface. 
 
Habitat SH: Shell Bed  
A layer of dead shells and shell fragments at the sediment surface overlying sediment ranging from hard sand to 
silts.  Epifauna (e.g., bryozoans, tube-building polychaetes) commonly found attached to or living among the 
shells.  Two distinct shell bed habitats: 

SH.SI: Shell Bed over silty sediment—shell layer overlying sediments ranging from fine sands to silts 
to silt-clay. 

SH.SA: Shell Bed over sandy sediment—shell layer overlying sediments ranging from fine to coarse 
sand. 

 
Habitat SA: Hard Sand Bottom 
Homogeneous hard sandy sediment, does not appear to be bioturbated, bedforms common, successional stage 
mostly indeterminate because of low prism penetration. 

SA.F: Fine sand—uniform very fine sand (4 to 3 phi) or fine sand sediments (3 to 2 phi). 
SA.M: Medium sand—uniform medium sand sediments (grain size: 2 to 1 phi). 
SA.G: Medium sand with gravel—predominately medium to coarse sand with a minor gravel fraction. 

 
Habitat HR: Hard Rock/Gravel Bottom 
Hard bottom consisting of pebbles, cobbles, and/or boulders, resulting in no or minimal penetration of the SPI 
camera prism.  Some images show pebbles overlying silty sediments.  The HR surfaces are typically covered 
with epifauna (e.g., bryozoans, sponges, tunicates).  
 
Habitat UN: Unconsolidated Soft Bottom 
Fine-grained sediments ranging from very fine sand to silt-clay, with a complete range of successional stages (I, 
II, and III).  Biogenic features may be common (e.g., amphipod and polychaete tubes at the sediment surface, 
small surface pits and mounds, large burrow openings, and feeding voids at depth).  Several sub-categories: 

UN.SS: Fine Sand/Silty—very fine sand mixed with silt (grain size range from 4 to 2 phi), with little or 
no shell hash. 

UN.SI: Silty—homogeneous soft, silty sediments (grain size range from >4 to 3 phi), with little or no 
shell hash.  Generally deep prism penetration. 

UN.SF: Very Soft Mud—very soft muddy sediments (>4 phi) of high apparent water content and deep 
prism penetration. 

Source: Diaz 1995 
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3.0 2BResults 
A total of 120 locations were photographed using SPI and plan view photography to determine 
the distribution of wood debris in surface sediments and evaluate sediment quality parameters in 
Port Gamble Bay (Figure 2). SPI and plan view image analysis results for are summarized in 
Appendix B.  The SPI and plan view images selected for analysis are provided on a DVD in 
Appendix C.   

3.1 Wood Debris Distribution 

The SPI and plan view photography survey identified a total of 28 of 120 locations (23 percent) 
showing the apparent presence of woody debris in surface sediments (Figure 5).  Wood debris 
was identified in SPI images at 27 locations and in a plan view image at one location.  Of those 
locations showing woody debris, the majority (75 percent) showed very low accumulation (7 
percent or less by area) in surface sediments.  The wood debris consisted mostly of small 
weathered wood chips/pieces or fine particles, and was confined to the surface or upper portions 
of the sediment column (Figures 6 and 7).   

Higher accumulations of woody debris (15 to 50 percent by area) were only observed at 7 of 120 
locations (6 percent) and found primarily along the western shoreline of Port Gamble Bay and 
near the former Pope & Talbot sawmill site (Figure 5).  The wood debris at these locations 
consisted of larger wood pieces (weathered log, branch pieces, or large wood chips) observed on 
the sediment surface (Figures 8 through 10).  The only plan view image that showed the presence 
of wood debris was station PG47, in the former log transfer facility site.  A small barnacle 
encrusted branch piece is visible in the upper left portion of the image (Figure 11). 

3.2 Sediment Grain Size 

The distribution of sediment grain size major mode determined from SPI images ranged from > 4 
phi in the southern bay to < -1 phi in areas near the Port Gamble Bay entrance (Figure 12).  In 
the southern bay, sediments in the central portion of the bay generally consisted of tan, 
unconsolidated, water rich silts and clays (> 4 phi), indicating a highly depositional environment 
(Figure 13).  Sediments near the shoreline (intertidal and shallow subtidal regions) consisted of 
fine to very fine sands (3 to 2 phi; 4 to 3 phi, respectively).   

Just to the north of the former log transfer facility, surface sediments in the central northern 
portion of Port Gamble Bay transition to very fine sands (3 to 4 phi), suggesting a higher energy 
environment due to tidal currents.  In addition, some plan view images in the area show the 
presence of ripples/bedforms on the sediment surface (Figure 14).  Surface sediments near the 
shoreline areas consisted of fine to very fine sands (3 to 2 phi; 4 to 3 phi, respectively).  
Sediments to the north of the bay entrance and within the entrance channel contain a higher 
proportion of coarse sands or gravel (1 to 0 phi; < -1 phi, respectively), reflecting the presence of 
strong tidal currents (Figure 15).   
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Figure 5.  Distribution of Wood Debris Based on SPI and Plan View Image Analysis 
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PG14A-A PG79-B 

  
These images show the presence of small pieces of wood debris on the sediment surface.  Station PG14A-A shows small, black wood 
particles on the surface (arrows) that represent approximately two percent by area.  Algae (Enteromorpha sp.) and an anemone are 
present on the sediment surface.  Similarly, station PG79-B shows small wood particles on the sediment surface (arrows) that represent 
approximately three percent by area.   Surface sediments consisted of fine-medium gray sand with fine shell particles.   

Figure 6.  SPI Images from Stations PG14A (Replicate A) and PG79 (Replicate A) 
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PG21B-B PG62-B 

  
Images showing the presence of wood debris within surface sediments.  Station PG21B, within the former DNR lease area, shows very 
fine wood particles and organic material in the upper 6 cm of the sediment column (approximately 5 percent by area).  The large void at 
the bottom of the image is an artifact of the camera prism penetration.  StationPG62-B shows a broken branch/twig buried upright in the 
sediment column.   

Figure 7.  SPI Images from Stations PG21B-B and PG62-B 
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PG29A-B PG46A-B 

  
Both images show the presence of large wood debris on the sediment surface.  Station PG29A-B, in the northern portion of the former 
DNR lease area, shows a large piece of wood (barnacle encrusted log) on the sediment surface (approximately 50 percent by area).  
Station PG46A-B, in the former log transfer facility, also shows a piece of barnacle encrusted wood (approximately 25 percent by area) 
protruding from the sediment surface.   

Figure 8.  SPI Images from Stations PG29A-B and PG46A-B 
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PG83A-A PG92-A 

  
SPI images showing the presence of wood debris.  Station PG83A-A shows silt-covered pieces of wood or bark (approximately 20 
percent by area) on the sediment surface.  The glass is obscured by sediment and shell debris. Station CW-110C shows a piece of 
brick (approximately 15 percent by area) that has been classified as municipal waste (construction debris).   

Figure 9.  SPI Images from Stations PG83A-A and PG92-A 
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PG88-A PG88-C 

  
SPI images from Station PG88 showing wood debris near the former mill site.  Replicate A shows large wood pieces (bark and wood 
chips) and leaf litter on the surface greater than camera prism penetration.  A pipe fish and gunnel are visible (arrows).  Replicate C 
shows abundant wood chips grading into a mixture of reduced sand and silt.     

Figure 10.  SPI Images from Station PG88 Replicates A and C 
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PG47-C (SPI) PG47 (Plan View) 

  
SPI and plan view images from Station PG47.  The SPI image shows olive brown silts and sands with shells and worm tubes visible on 
the sediment surface.  The plan view image shows a large sea star (Pisaster sp.) and a barnacle encrusted wood piece (twig) on the 
sediment surface (arrow).  Shell pieces and leaf litter are also visible.   

Figure 11.  SPI and Plan View Images from Station PG47 
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Figure 12.  Grain Size Major Mode Distribution Based on SPI Image Analysis 
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PG18-A (SPI) PG18 (Plan View) 

  
SPI and plan view images from station PG18, in southern Port Gamble Bay.  The SPI image shows tan, unconsolidated silts and clays 
with feeding voids, indicating the presence of Stage III infaunal organisms.  The plan view image shows numerous burrow openings on 
the sediment surface.  Many of the burrows are likely related to the feeding activities of the Stage III infauna.  

Figure 13.  SPI and Plan View Images from Station PG18 
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PG76 (Plan View) PG79 (Plan View) 

  
Plan view images from stations PG76 and PG79, located in the northern portion of Port Gamble Bay.    Both locations show the 
presence of ripples or bedforms on the sediment surface, suggesting bedload transport due to tidal currents. 

Figure 14.  Plan View Images from Stations PG76 and PG79 
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PG89-A (SPI) PG89 (Plan View) 

  
SPI and plan view images from station PG89 at the entrance channel to Port Gamble Bay.  The presence of coarse grained sediments 
(coarse sands and gravel) is due to high tidal currents within the channel.  Abundant shell debris is present.  An orange colored 
encrusting sponge is present on some of the large gravels.       

Figure 15.  SPI and Plan View Images from Station PG89 
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3.3 9BApparent RPD Depth 

Apparent RPD depth estimates the depth of oxygenation in the upper sediment column and 
reflects the degree of biogenic sediment mixing.  The distribution of mean apparent RPD depths 
in Port Gamble Bay ranged from 0.0 cm at station PG88, near the former mill site, to a high of 
5.53 cm at station PG19, in the fine-grained southern portion of the bay (Figure 16).  The mean 
apparent RPD depth for Port Gamble Bay was 2.77 cm.  Relatively shallow apparent RPD depths 
(less than 2.0 cm) were generally measured in areas close to shore, likely due to regular 
disturbance from near shore waves and currents.  At station PG88 near the former mill site, SPI 
images show the accumulation wood chips on the sediment surface (see Figure 10).  The deepest 
RPD depths were measured in fine-grained sediments present in the southern portion of the bay 
(see Figure 13).  

At nine locations in the southern bay, the apparent RPD depth could not be measured due to over 
penetration by the camera prism.  However, apparent RPD depths are likely relatively high at 
these locations based on the distribution of surrounding RPD measurements. 

3.4 Infaunal Successional Stage 

The majority of infaunal successional stages observed in SPI images collected in Port Gamble 
Bay were Stage I (65 percent), followed by Stage III or Stage I on III (31 percent) (Figure 17).  
Stage I taxa can persist, as they are opportunistic feeders, and are commonly associated with a 
Stage III community (Rhoads and Germano 1986).  Infaunal successional stage was 
indeterminate at five locations (4 percent) due to camera prism over penetration or the presence 
of abundant wood debris.  

In sandy substrates, such as the areas along the shoreline and the northern portion of Port 
Gamble Bay, the climax communities may consist primarily of surface dwellers (e.g., 
amphipods) that reside in the upper 1 cm of the sediment surface and have few, if any, naturally 
burrowing community members.  These community types are classified as Stage I communities 
and are reflective of an area influenced by physical factors and the presence of a sandy substrate.  
A higher order successional stage would typically be assigned to a climax community in a 
depositional environment consisting of a silt/clay substrate, such as areas in southern Port 
Gamble Bay.  Localized feeding of large, deep-burrowing infauna (Stage III taxa) in these 
depositional environments result in distinctive excavations called feeding voids.  Station PG18 
provides a representative example of feeding voids visible in southern Port Gamble Bay (Figure 
13).   

3.5 Benthic Habitat Type 

The benthic habitat classifications in Port Gamble Bay generally followed the grain size major 
mode distribution measured from SPI images (Figure 18).  The highest number of locations were 
classified as SA.F (42 percent), consisting of a hard, fine sandy bottom (4 to 3 phi; 3 to 2 phi).  
Medium sandy hard bottom (SA.M) and medium sandy hard bottom with gravel (SA.G) were 
observed at four percent and two percent of the locations, respectively.  Two stations classified as 
SA.G were located within the entrance channel to Port Gamble Bay.  Hard sandy bottom 
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classifications were generally found in shoreline areas and the northern half of Port Gamble Bay.  
One location within the entrance channel to the bay (station PG89) was classified as HR due to the 
presence of a hard rock or gravel bottom.  Station PG88, near the former mill site, did not have a 
benthic habitat classification due to the high accumulations of wood debris on the sediment 
surface. 

The second most predominant habitat classification (33 percent of locations) was an 
unconsolidated soft bottom with very soft silts/clays and a grain size range of >4 phi (UN.SF).   
Silty unconsolidated soft bottom (UN.SI) and sandy/silty unconsolidated soft bottom (UN.SS) 
were also observed at 11 percent and seven percent of the locations, respectively.  The 
unconsolidated soft bottom classification was predominant in the southern reaches of Port Gamble 
Bay (see Figures 13).       

Several locations in Port Gamble Bay also exhibited the presence of eelgrass (Zostera sp.) and 
other macrofauna such as sea pens (Ptilosarcus gurneyi) and sea whips (order Pennatulacea) 
(Figure 19).  Intact eelgrass beds were observed in locations north of the bay entrance (stations 
PG94, PG97, PG98, and PG100), and just south of the entrance along the eastern shore (stations 
PG82, PG86, and PG87) (Figure 20).  Eelgrass detritus (i.e., decomposing eelgrass blades, loose 
strands) was observed at stations PG54 and PG88.  Sea pens and sea whips were observed at 
several locations in the northern portions of Port Gamble Bay (Figure 21).  These organisms are 
known to position themselves in the path of currents, in order to ensure a steady supply of food 
(e.g., plankton).   
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Figure 16T.  Distribution of Apparent RPD Depths in Port Gamble Bay 
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Figure 17T.  Distribution of Infaunal Successional Stage in Port Gamble Bay 
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Figure 18T.  Distribution of Benthic Habitat Classifications in Port Gamble Bay 
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Figure 19.  Distribution of Eelgrass, Sea Pens, and Sea Whips Observed in Port Gamble Bay 
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PG87 (Plan View) PG100-A (SPI) 

  
Plan view image from station PG87 and SPI image from station PG100-A showing intact eelgrass beds near the entrance to Port 
Gamble Bay. 

Figure 20.  Plan View Image from Station PG87 and SPI Image from Station PG100-A 
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PG68 (Plan View) PG80 (Plan View) 

  
Plan view images from station PG68 and PG80 showing a sea pen and sea whips on the seafloor, respectively.   These organisms are 
generally found in areas with a hard sandy substrate and where bottom currents are present.  

Figure 21.  Plan View Images from Stations PG68 and PG80 
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4.0 3BSummary 

• The SPI and plan view photography survey identified wood debris at 28 of 120 locations (23 
percent) and the majority of these locations showed very low accumulations of wood debris 
(7 percent or less by area).   The wood debris consisted mostly of small weathered wood 
chips/pieces or fine particles, and was generally confined to the upper portions of the 
sediment column. 

• Sediment grain size major mode in phi units ranged from > 4 phi in the southern bay to < -1 
phi in areas near the Port Gamble Bay entrance.  Sediments in the southern bay consisted of 
tan, unconsolidated, water rich silts and clays.  Sand content increases to the north.  Surface 
sediments to the north of the ban entrance and within the entrance channel contain a higher 
proportion of coarse sands and gravel, reflecting the presence of strong tidal currents.  

• The mean apparent RPD depth for Port Gamble Bay was 2.77 cm.  Relatively deep RPD 
depths were present in the fine-grained southern portion of the bay.  Shallow apparent RPD 
depths were generally measured in areas close to shore, likely due to regular disturbance 
from near shore waves and currents.   

• The majority of infaunal successional stage measurements in Port Gamble Bay were Stage I 
(65 percent), followed by Stage III or Stage I on III (31 percent).  A higher proportion of 
Stage III organisms were observed in the southern portion of the bay, where fine-grained, 
unconsolidated sediments are present.   

• The benthic habitat classifications generally followed the grain size major mode distribution 
in Port Gamble Bay.  Hard sandy bottom classifications (SA.F, SA.M, and SA.G) were 
generally found in shoreline areas and the northern half of the bay.  Unconsolidated soft 
bottom classifications (UN.SF, UN.SI, and UN.SS) were generally observed in the southern 
end of the bay. 

• Intact eelgrass beds were observed in locations north of the bay entrance and just south of 
entrance along the eastern shore.  Sea pens and sea whips were observed in the northern 
reaches of Port Gamble Bay, where higher bottom currents are present.  
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Charles M. Eaton
Bio-Marine Enterprises

Port Gamble SPI Nav SPI Port Gamble

Hart Crowser
Port Gamble, WDOE Study SPI & Plan View Camera Survey SOFTWARE:  Corpscon 5.11.08
November 2008 Stations arranged by Date & Time

Meter Predicted Predicted Sample Location Distance GPS
GPS Wheel Nearest Mudline DGPS Trimble NT300D to Status Comments

Station Sample Date Time Depth Tide Depth, m. Latitude Longitude NAD 1983, SPCS, Wa. N. Target HDOP
No. Rep. m. m. (MLLW) Northing (y) Easting (x) Northing (y) Easting (x) Latitude Longitude (m.) good < 2
001 1 14-Nov 0750 6.2 3.06 -3.1 47 49.3056 122 34.7644 304599.0 1211504.2 47 49.3024 122 34.7645 5.9

2 0751 6.3 3.05 -3.3 304618.3 1211505.1 304633.5 1211510.4 47 49.3081 122 34.7632 4.9 1.0
3 0752 6.2 3.04 -3.2 304606.5 1211496.6 47 49.3036 122 34.7664 4.4

002 1 14-Nov 0802 5.8 3.00 -2.8 47 49.3077 122 34.6423 304604.8 1211999.5 47 49.3052 122 34.6436 5.0
2 0803 5.9 2.99 -2.9 304620.1 1212005.0 304642.1 1212018.0 47 49.3114 122 34.6393 7.8 1.0
3 0804 5.9 2.99 -2.9 304617.5 1212004.3 47 49.3073 122 34.6425 0.8

003 1 14-Nov 0809 5.9 2.96 -2.9 47 49.3099 122 34.5203 304620.4 1212518.8 47 49.3097 122 34.5169 4.2
2 0810 6.0 2.95 -3.1 304622.0 1212504.9 304643.8 1212507.0 47 49.3135 122 34.5199 6.7 1.0
3 0812 5.8 2.95 -2.9 304607.6 1212492.3 47 49.3075 122 34.5233 5.8

004 1 14-Nov 0817 7.0 2.92 -4.1 47 49.3121 122 34.3982 304609.5 1212999.3 47 49.3097 122 34.3995 4.7
2 0818 7.5 2.91 -4.6 304623.8 1213004.8 304653.0 1212984.7 47 49.3168 122 34.4033 10.8 1.3
3 0819 7.1 2.91 -4.2 304617.5 1212998.3 47 49.3110 122 34.3998 2.8

005 1 14-Nov 0823 8.3 2.88 -5.4 47 49.3142 122 34.2762 304621.5 1213491.9 47 49.3135 122 34.2793 4.1
2 0824 8.5 2.88 -5.6 304625.6 1213504.7 304641.1 1213485.8 47 49.3167 122 34.2809 7.5
3 0826 8.5 2.87 -5.6 304607.6 1213516.9 47 49.3113 122 34.2731 6.6 1.3
4 0827 8.5 2.85 -5.7 304631.1 1213499.5 47 49.3151 122 34.2775 2.3
5 0828 8.5 2.85 -5.7 304613.2 1213510.5 47 49.3122 122 34.2747 4.2

006 1 14-Nov 0846 9.6 2.74 -6.9 47 49.3164 122 34.1541 304613.0 1214006.1 47 49.3140 122 34.1537 4.4
2 0848 9.6 2.74 -6.9 304627.5 1214004.6 304645.9 1214028.1 47 49.3195 122 34.1485 9.1
3 0849 9.7 2.73 -7.0 304608.3 1213997.8 47 49.3132 122 34.1557 6.2 1.2
4 0851 9.6 2.72 -6.9 304633.8 1213999.6 47 49.3174 122 34.1554 2.5

005 1 14-Nov 0922 5.5 2.54 -3.0 47 49.3142 122 34.2762 304633.7 1213490.1 47 49.3155 122 34.2798 5.1
2 0923 5.0 2.53 -2.5 304625.6 1213504.7 304611.1 1213495.7 47 49.3118 122 34.2783 5.2 1.1
3 0924 7.3 2.53 -4.8 304631.0 1213528.5 47 49.3152 122 34.2704 7.4

006 1 14-Nov 0929 9.4 2.50 -6.9 47 49.3164 122 34.1541 304633.3 1213995.1 47 49.3173 122 34.1565 3.4
2 0930 9.3 2.50 -6.8 304627.5 1214004.6 304596.8 1213995.5 47 49.3113 122 34.1562 9.8 1.0
3 0931 9.4 2.49 -6.9 304630.1 1213999.5 47 49.3168 122 34.1554 1.8

007 1 14-Nov 0935 8.2 2.47 -5.7 47 49.3185 122 34.0321 304644.2 1214507.2 47 49.3210 122 34.0315 4.6
2 0936 8.2 2.47 -5.7 304629.3 1214504.5 304615.7 1214505.4 47 49.3163 122 34.0318 4.2 1.0
3 0937 8.2 2.46 -5.7 304638.5 1214491.1 47 49.3200 122 34.0354 5.0

008 1 14-Nov 0947 11.3 2.41 -8.9 47 49.4678 122 34.8929 305639.6 1210989.3 47 49.4716 122 34.8960 8.0
2 0949 11.4 2.40 -9.0 305616.3 1211001.6 305622.3 1211002.9 47 49.4688 122 34.8926 1.9 0.9
3 0950 11.3 2.40 -8.9 305605.6 1211013.5 47 49.4661 122 34.8899 4.9

NAD 1983, Decimal Min.
NAD 1983, Decimal Min.

Sample Target Sample Location
DGPS Trimble NT300D

Page 1



Charles M. Eaton
Bio-Marine Enterprises

Port Gamble SPI Nav SPI Port Gamble

Hart Crowser
Port Gamble, WDOE Study SPI & Plan View Camera Survey SOFTWARE:  Corpscon 5.11.08
November 2008 Stations arranged by Date & Time

Meter Predicted Predicted Sample Location Distance GPS
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Station Sample Date Time Depth Tide Depth, m. Latitude Longitude NAD 1983, SPCS, Wa. N. Target HDOP
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009 1 14-Nov 0955 11.8 2.37 -9.4 47 49.4700 122 34.7708 305604.4 1211497.2 47 49.4677 122 34.7718 4.4
2 0956 11.8 2.36 -9.4 305618.1 1211501.5 305629.0 1211485.0 47 49.4717 122 34.7749 6.0 0.9
3 0958 11.8 2.36 -9.4 305592.6 1211508.4 47 49.4658 122 34.7690 8.1

010 1 14-Nov 1002 11.8 2.34 -9.5 47 49.4721 122 34.6488 305627.8 1211991.2 47 49.4734 122 34.6513 3.9
2 1003 11.8 2.34 -9.5 305619.9 1212001.4 305641.8 1212018.1 47 49.4758 122 34.6448 8.4 0.9
3 1004 11.8 2.33 -9.5 305664.4 1211985.9 47 49.4794 122 34.6528 14.4

011 1 14-Nov 1009 11.6 2.31 -9.3 47 49.4743 122 34.5267 305626.4 1212484.6 47 49.4750 122 34.5308 5.3
2 1010 11.5 2.31 -9.2 305621.8 1212501.3 305590.7 1212501.4 47 49.4692 122 34.5265 9.5 1.0
3 1011 11.5 2.30 -9.2 305623.4 1212483.3 47 49.4745 122 34.5311 5.5

012 1 14-Nov 1016 11.0 2.29 -8.7 47 49.4765 122 34.4047 305614.3 1212990.1 47 49.4749 122 34.4073 4.4
2 1017 11.0 2.28 -8.7 305623.6 1213001.2 305638.9 1213005.8 47 49.4790 122 34.4036 4.9 1.0
3 1018 11.1 2.28 -8.8 305602.9 1213012.8 47 49.4731 122 34.4017 7.2

013 1 14-Nov 1023 10.8 2.26 -8.5 47 49.4786 122 34.2826 305609.8 1213488.8 47 49.4760 122 34.2855 6.1
2 1024 10.8 2.26 -8.5 305625.4 1213501.1 305643.4 1213480.6 47 49.4815 122 34.2877 8.3 1.1
3 1025 10.7 2.26 -8.4 305622.4 1213520.6 47 49.4782 122 34.2778 6.0

014 1 14-Nov 1031 9.9 2.24 -7.7 47 49.4808 122 34.1605 305613.4 1214000.0 47 49.4785 122 34.1607 4.2
2 1032 9.9 2.24 -7.7 305627.3 1214001.0 305648.8 1213993.0 47 49.4843 122 34.1626 7.0 1.2
3 1033 10.0 2.24 -7.8 305605.3 1214008.8 47 49.4772 122 34.1585 7.1

015 1 14-Nov 1047 12.0 2.21 -9.8 47 49.6322 122 34.8993 306601.0 1210992.8 47 49.6297 122 34.9005 4.9
2 1048 12.0 2.21 -9.8 306616.1 1210997.9 306637.7 1210980.9 47 49.6357 122 34.9036 8.4 1.2
3 1049 12.0 2.20 -9.8 306590.5 1210998.2 47 49.6280 122 34.8991 7.8

016 1 14-Nov 1054 11.8 2.20 -9.6 47 49.6344 122 34.7773 306595.4 1211506.1 47 49.6307 122 34.7751 7.3
2 1055 11.8 2.19 -9.6 306617.9 1211497.8 306633.7 1211504.1 47 49.6370 122 34.7758 5.2 1.2
3 1057 11.8 2.19 -9.6 306594.1 1211481.5 47 49.6304 122 34.7811 8.8

017 1 14-Nov 1101 11.8 2.19 -9.6 47 49.6365 122 34.6552 306619.4 1211975.6 47 49.6364 122 34.6606 6.7
2 1102 11.8 2.19 -9.6 306619.7 1211997.7 306589.2 1211994.1 47 49.6315 122 34.6559 9.4 1.1
3 1103 11.8 2.19 -9.6 306643.7 1211976.5 47 49.6404 122 34.6605 9.7

018 1 14-Nov 1108 11.7 2.19 -9.5 47 49.6387 122 34.5331 306629.9 1212479.9 47 49.6400 122 34.5375 6.0
2 1109 11.6 2.18 -9.4 306621.6 1212497.6 306590.8 1212486.8 47 49.6336 122 34.5356 9.9 1.1
3 1110 11.6 2.18 -9.4 306644.1 1212495.8 47 49.6424 122 34.5337 6.9

019 1 14-Nov 1116 11.2 2.18 -9.0 47 49.6409 122 34.4111 306597.7 1212988.6 47 49.6366 122 34.4131 8.3
2 1117 11.4 2.18 -9.2 306623.4 1212997.5 306654.4 1212979.6 47 49.6459 122 34.4156 10.9 1.1
3 1118 11.3 2.18 -9.1 306610.5 1212988.5 47 49.6387 122 34.4132 4.8
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020 1 14-Nov 1123 11.1 2.19 -8.9 47 49.6430 122 34.2890 306610.5 1213524.9 47 49.6407 122 34.2822 9.5
2 1124 11.1 2.19 -8.9 306625.2 1213497.4 306617.0 1213505.8 47 49.6417 122 34.2869 3.6 1.1
3 1125 11.1 2.19 -8.9 306641.0 1213492.9 47 49.6456 122 34.2902 5.0

021 1 14-Nov 1130 8.8 2.19 -6.6 47 49.6452 122 34.1669 306626.0 1213996.6 47 49.6450 122 34.1671 0.4
2 1131 8.6 2.19 -6.4 306627.1 1213997.3 306599.2 1213996.4 47 49.6406 122 34.1670 8.5 1.1
3 1132 9.0 2.19 -6.8 306647.1 1213976.2 47 49.6484 122 34.1722 8.9

022 1 14-Nov 1233 12.6 2.37 -10.2 47 49.7966 122 34.9058 307596.5 1210990.8 47 49.7934 122 34.9065 6.0
2 1234 12.6 2.37 -10.2 307615.9 1210994.2 307639.2 1210985.6 47 49.8004 122 34.9080 7.6 1.2
3 1235 12.5 2.38 -10.1 307598.9 1210990.9 47 49.7938 122 34.9065 5.3

023 1 14-Nov 1239 12.2 2.39 -9.8 47 49.7988 122 34.7837 307589.5 1211510.7 47 49.7942 122 34.7795 10.0
2 1240 12.2 2.40 -9.8 307617.7 1211494.1 307625.0 1211503.7 47 49.8000 122 34.7814 3.7 1.2
3 1241 12.2 2.40 -9.8 307641.1 1211516.0 47 49.8027 122 34.7785 9.8

024 1 14-Nov 1246 12.1 2.43 -9.7 47 49.8009 122 34.6616 307582.4 1211988.4 47 49.7948 122 34.6628 11.5
2 1248 12.1 2.43 -9.7 307619.5 1211994.0 307639.5 1211987.6 47 49.8042 122 34.6633 6.4 1.2
3 1249 12.1 2.44 -9.7 307597.6 1211984.2 47 49.7973 122 34.6639 7.3

025 1 14-Nov 1254 12.0 2.46 -9.5 47 49.8031 122 34.5396 307610.1 1212481.2 47 49.8012 122 34.5426 5.2
2 1255 12.0 2.47 -9.5 307621.4 1212493.9 307662.9 1212485.3 47 49.8099 122 34.5419 12.9 1.3
3 1256 12.0 2.48 -9.5 307593.6 1212459.5 47 49.7984 122 34.5478 13.5

026 1 14-Nov 1301 12.0 2.51 -9.5 47 49.8053 122 34.4175 307602.8 1212991.7 47 49.8019 122 34.4179 6.3
2 1303 12.0 2.51 -9.5 307623.2 1212993.8 307638.6 1212967.5 47 49.8077 122 34.4240 9.3 1.3
3 1304 12.0 2.52 -9.5 307575.4 1212991.5 47 49.7974 122 34.4178 14.6

027 1 14-Nov 1309 12.0 2.55 -9.5 47 49.8074 122 34.2954 307595.2 1213490.2 47 49.8025 122 34.2961 9.2
2 1311 12.1 2.55 -9.6 307625.0 1213493.7 307656.0 1213490.0 47 49.8125 122 34.2965 9.5 1.2
3 1312 12.0 2.56 -9.4 307611.6 1213490.6 47 49.8052 122 34.2961 4.2

028 1 14-Nov 1317 7.0 2.58 -4.4 47 49.8096 122 34.1733 307607.4 1213971.3 47 49.8063 122 34.1787 9.0 Float on
2 1318 6.9 2.59 -4.3 307626.9 1213993.6 307576.9 1213975.5 47 49.8013 122 34.1775 16.2 1.0 station
3 1319 7.1 2.60 -4.5 307639.8 1213964.6 47 49.8116 122 34.1805 9.7

029 1 14-Nov 1339 6.7 2.71 -4.0 47 49.9588 122 35.0343 308599.2 1210483.7 47 49.9564 122 35.0359 4.9
2 1340 7.1 2.71 -4.4 308613.8 1210490.7 308631.8 1210493.9 47 49.9618 122 35.0336 5.6 1.0
3 1342 7.1 2.72 -4.4 308591.5 1210504.5 47 49.9552 122 35.0308 8.0

030 1 14-Nov 1347 13.0 2.75 -10.3 47 49.9610 122 34.9122 308579.9 1210984.9 47 49.9551 122 34.9134 11.0
2 1349 13.1 2.76 -10.3 308615.7 1210990.6 308623.1 1210986.3 47 49.9622 122 34.9133 2.6 1.0
3 1350 13.1 2.76 -10.3 308635.6 1210996.8 47 49.9643 122 34.9108 6.4

031 1 14-Nov 1354 12.9 2.78 -10.1 47 49.9632 122 34.7901 308580.9 1211502.1 47 49.9572 122 34.7871 11.7
2 1355 13.0 2.80 -10.2 308617.5 1211490.4 308601.0 1211473.9 47 49.9604 122 34.7941 7.1 1.0
3 1357 13.0 2.80 -10.2 308632.2 1211494.2 47 49.9656 122 34.7893 4.6
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032 1 14-Nov 1401 12.8 2.82 -10.0 47 49.9653 122 34.6681 308594.3 1211986.8 47 49.9612 122 34.6688 7.7
2 1402 12.8 2.83 -10.0 308619.3 1211990.3 308633.9 1211980.7 47 49.9677 122 34.6705 5.3 1.0
3 1403 12.7 2.84 -9.9 308586.8 1211993.6 47 49.9600 122 34.6671 10.0

033 1 14-Nov 1409 12.6 2.87 -9.7 47 49.9675 122 34.5460 308593.2 1212489.6 47 49.9629 122 34.5460 8.5
2 1410 12.6 2.87 -9.7 308621.2 1212490.2 308646.0 1212493.6 47 49.9716 122 34.5453 7.6 1.0
3 1412 12.5 2.88 -9.6 308612.7 1212488.8 47 49.9661 122 34.5463 2.6

034 1 14-Nov 1416 12.5 2.91 -9.6 47 49.9697 122 34.4239 308595.8 1213022.3 47 49.9653 122 34.4159 12.9
2 1417 12.4 2.91 -9.5 308623.0 1212990.1 308615.1 1212999.4 47 49.9684 122 34.4216 3.7 1.0
3 1418 12.4 2.92 -9.5 308648.6 1212972.7 47 49.9738 122 34.4283 9.4

035 1 14-Nov 1426 12.3 2.96 -9.3 47 49.9718 122 34.3018 308608.2 1213493.5 47 49.9691 122 34.3009 5.2
2 1427 12.2 2.96 -9.2 308624.8 1213490.0 308662.3 1213493.9 47 49.9780 122 34.3011 11.5 1.1
3 1428 12.2 2.97 -9.2 308621.8 1213484.4 47 49.9713 122 34.3032 2.0

036 1 14-Nov 1433 11.8 2.99 -8.8 47 49.9740 122 34.1798 308608.6 1213987.3 47 49.9710 122 34.1803 5.6
2 1435 11.9 3.00 -8.9 308626.7 1213989.9 308664.8 1214002.9 47 49.9803 122 34.1768 12.3 1.2
3 1436 11.9 3.00 -8.9 308616.1 1213979.3 47 49.9722 122 34.1823 4.6

037 1 14-Nov 1440 4.0 3.03 -1.0 47 49.9761 122 34.0577 308624.9 1214476.6 47 49.9755 122 34.0609 4.2
2 1442 4.0 3.03 -1.0 308628.5 1214489.8 308658.5 1214501.1 47 49.9811 122 34.0551 9.7 1.2
3 1443 4.0 3.04 -1.0 308625.2 1214491.7 47 49.9756 122 34.0572 1.2

038 1 14-Nov 1457 8.0 3.10 -4.9 47 50.1232 122 35.0407 309591.5 1210489.1 47 50.1196 122 35.0401 6.8
2 1459 8.1 3.10 -5.0 309613.6 1210487.0 309640.1 1210491.9 47 50.1276 122 35.0397 8.2 1.1
3 1500 8.0 3.10 -4.9 309601.2 1210493.9 47 50.1212 122 35.0390 4.3

039 1 14-Nov 1504 14.3 3.12 -11.2 47 50.1254 122 34.9187 309590.8 1211003.0 47 50.1214 122 34.9146 9.0
2 1505 14.3 3.12 -11.2 309615.5 1210986.9 309611.2 1210989.9 47 50.1247 122 34.9179 1.6 1.0
3 1506 14.5 3.13 -11.4 309640.1 1211000.0 47 50.1295 122 34.9156 8.5

040 1 14-Nov 1511 14.6 3.14 -11.5 47 50.1276 122 34.7966 309591.9 1211462.8 47 50.1233 122 34.8023 10.6
2 1512 14.6 3.15 -11.5 309617.3 1211486.8 309602.0 1211472.4 47 50.1250 122 34.8000 6.4 1.0
3 1513 14.5 3.15 -11.4 309594.0 1211478.8 47 50.1237 122 34.7984 7.5

041 1 14-Nov 1519 14.1 3.17 -10.9 47 50.1297 122 34.6745 309599.3 1211969.0 47 50.1264 122 34.6787 8.1
2 1520 14.1 3.17 -10.9 309619.1 1211986.7 309624.9 1211992.9 47 50.1307 122 34.6730 2.6 1.0
3 1522 14.1 3.17 -10.9 309595.6 1211971.8 47 50.1258 122 34.6780 8.5

042 1 14-Nov 1526 13.8 3.19 -10.6 47 50.1319 122 34.5524 309577.3 1212481.1 47 50.1247 122 34.5535 13.4
2 1528 13.9 3.19 -10.7 309621.0 1212486.6 309622.1 1212492.8 47 50.1321 122 34.5509 1.9 1.0
3 1529 14.0 3.20 -10.8 309668.7 1212500.0 47 50.1398 122 34.5494 15.1

043 1 14-Nov 1534 13.3 3.20 -10.1 47 50.1341 122 34.4303 309594.3 1212994.1 47 50.1294 122 34.4283 9.0
2 1535 13.3 3.21 -10.1 309622.8 1212986.5 309643.4 1212999.3 47 50.1375 122 34.4273 7.4 1.2
3 1536 13.4 3.21 -10.2 309605.6 1212979.2 47 50.1312 122 34.4320 5.7

044 1 14-Nov 1541 13.0 3.22 -9.8 47 50.1362 122 34.3082 309597.4 1213475.3 47 50.1317 122 34.3108 9.0
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2 1542 13.0 3.22 -9.8 309624.6 1213486.4 309635.7 1213502.4 47 50.1381 122 34.3044 5.9 1.2
3 1543 13.0 3.22 -9.8 309590.2 1213472.3 47 50.1305 122 34.3115 11.4

045 1 14-Nov 1548 13.2 3.22 -10.0 47 50.1384 122 34.1862 309609.3 1213999.2 47 50.1356 122 34.1829 6.6
2 1549 13.1 3.23 -9.9 309626.5 1213986.3 309648.4 1213989.1 47 50.1420 122 34.1856 6.7 1.0
3 1550 13.2 3.23 -10.0 309618.1 1213984.3 47 50.1370 122 34.1866 2.6

046 1 14-Nov 1555 8.4 3.23 -5.2 47 50.1405 122 34.0641 309606.0 1214495.8 47 50.1369 122 34.0616 7.4
2 1556 8.7 3.23 -5.5 309628.3 1214486.2 309639.9 1214476.5 47 50.1424 122 34.0665 4.6 1.0
3 1557 8.0 3.23 -4.8 309635.5 1214510.4 47 50.1418 122 34.0582 7.7

047 1 14-Nov 1614 8.3 3.23 -5.1 47 50.2876 122 35.0472 310600.5 1210459.3 47 50.2854 122 35.0530 8.3
2 1615 8.9 3.23 -5.7 310613.4 1210483.3 310645.9 1210491.8 47 50.2930 122 35.0453 10.2 0.9
3 1616 8.9 3.22 -5.7 310598.6 1210487.9 47 50.2852 122 35.0460 4.7

048 1 14-Nov 1621 18.0 3.22 -14.8 47 50.2898 122 34.9251 310606.0 1210991.6 47 50.2883 122 34.9230 3.8
2 1622 18.1 3.22 -14.9 310615.3 1210983.2 310639.5 1210990.4 47 50.2938 122 34.9235 7.7 0.9
3 1623 17.7 3.21 -14.5 310582.9 1210965.3 47 50.2844 122 34.9293 11.3

049 1 15-Nov 0802 21.1 3.29 -17.8 47 50.2920 122 34.8030 310624.3 1211469.0 47 50.2931 122 34.8065 4.8
2 0803 21.2 3.29 -17.9 310617.1 1211483.1 310650.4 1211500.3 47 50.2975 122 34.7990 11.4 1.0
3 0804 21.0 3.28 -17.7 310592.9 1211486.7 47 50.2880 122 34.8020 7.5

050 1 15-Nov 0809 19.9 3.26 -16.6 47 50.2941 122 34.6809 310613.6 1211968.3 47 50.2932 122 34.6845 4.8
2 0810 20.1 3.26 -16.8 310618.9 1211983.0 310655.6 1211993.0 47 50.3002 122 34.6787 11.6 1.0
3 0811 9.9 3.25 -6.7 310584.0 1211987.2 47 50.2884 122 34.6797 10.7

051 1 15-Nov 0816 15.9 3.24 -12.7 47 50.2963 122 34.5588 310603.8 1212506.4 47 50.2936 122 34.5530 8.8
2 0817 16.0 3.23 -12.8 310620.8 1212482.9 310653.7 1212506.7 47 50.3018 122 34.5532 12.4 1.3
3 0819 16.1 3.22 -12.9 310602.4 1212464.2 47 50.2932 122 34.5633 8.0

052 1 15-Nov 0823 14.9 3.20 -11.7 47 50.2985 122 34.4368 310589.9 1212960.2 47 50.2930 122 34.4421 12.1
2 0825 14.9 3.20 -11.7 310622.6 1212982.8 310652.0 1212984.1 47 50.3033 122 34.4366 9.0 1.3
3 0826 14.9 3.19 -11.7 310613.0 1212959.9 47 50.2968 122 34.4423 7.6

053 1 15-Nov 0830 14.5 3.17 -11.3 47 50.3006 122 34.3147 310601.0 1213464.8 47 50.2967 122 34.3189 9.0
2 0831 14.5 3.17 -11.3 310624.4 1213482.7 310653.5 1213481.1 47 50.3054 122 34.3152 8.9 1.3
3 0832 14.6 3.16 -11.4 310626.1 1213459.2 47 50.3008 122 34.3204 7.2

054 1 15-Nov 0837 12.2 3.14 -9.1 47 50.3028 122 34.1926 310613.5 1213963.3 47 50.3006 122 34.1972 7.0
2 0838 12.0 3.13 -8.9 310626.3 1213982.6 310658.0 1213984.8 47 50.3080 122 34.1922 9.7 1.3
3 0840 12.2 3.13 -9.1 310597.2 1213958.1 47 50.2979 122 34.1984 11.6

055 1 15-Nov 0845 2.9 3.10 0.2 47 50.3049 122 34.0705 310646.9 1214504.5 47 50.3081 122 34.0652 8.8
2 0846 3.8 3.09 -0.7 310628.1 1214482.5 310673.2 1214494.5 47 50.3124 122 34.0678 14.2 1.3
3 0848 3.7 3.09 -0.6 310627.5 1214445.1 47 50.3047 122 34.0796 11.4
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055A 1 15-Nov 0912 3.4 2.96 -0.4 47 50.4490 122 35.0460 311605.6 1210541.5 47 50.4510 122 35.0385 10.1
2 0913 3.1 2.95 -0.2 311594.1 1210510.5 311600.0 1210493.9 47 50.4499 122 35.0501 5.4 1.1 New station
3 0915 3.2 2.95 -0.3 311575.3 1210483.5 47 50.4458 122 35.0525 10.0

056 1 15-Nov 0920 11.6 2.92 -8.7 47 50.4542 122 34.9316 311593.5 1210992.0 47 50.4507 122 34.9284 7.6
2 0921 9.5 2.91 -6.6 311615.1 1210979.5 311584.2 1211003.6 47 50.4492 122 34.9255 11.9 1.0
3 0922 11.9 2.91 -9.0 311587.8 1211004.1 47 50.4498 122 34.9254 11.2

057 1 15-Nov 0926 21.8 2.88 -18.9 47 50.4564 122 34.8095 311635.4 1211449.8 47 50.4593 122 34.8168 10.7
2 0928 21.8 2.87 -18.9 311616.9 1211479.4 311665.5 1211491.0 47 50.4644 122 34.8069 15.2 1.0
3 0929 22.0 2.87 -19.1 311593.5 1211476.3 47 50.4525 122 34.8101 7.2

058 1 15-Nov 0934 21.8 2.84 -19.0 47 50.4585 122 34.6874 311640.2 1211992.0 47 50.4621 122 34.6844 7.6
2 0935 22.5 2.93 -19.6 311618.7 1211979.3 311612.0 1211945.1 47 50.4573 122 34.6957 10.6 1.0
3 0936 21.5 2.93 -18.6 311644.0 1212012.5 47 50.4628 122 34.6794 12.7

059 1 15-Nov 0945 16.5 2.77 -13.7 47 50.4607 122 34.5653 311618.4 1212468.0 47 50.4603 122 34.5680 3.5
2 0946 16.5 2.76 -13.7 311620.6 1212479.2 311645.7 1212473.1 47 50.4648 122 34.5669 7.9 0.9
3 0947 16.2 2.76 -13.4 311638.5 1212522.1 47 50.4638 122 34.5549 14.2

060 1 15-Nov 0951 17.0 2.73 -14.3 47 50.4629 122 34.4432 311648.6 1212987.8 47 50.4672 122 34.4412 8.4
2 0953 16.5 2.73 -13.8 311622.4 1212979.1 311592.2 1212980.4 47 50.4579 122 34.4427 9.2 0.9
3 0954 16.9 2.72 -14.2 311626.4 1212975.0 47 50.4635 122 34.4442 1.8

061 1 15-Nov 0959 14.0 2.69 -11.3 47 50.4650 122 34.3211 311660.3 1213492.0 47 50.4710 122 34.3181 11.7
2 1000 13.9 2.69 -11.2 311624.2 1213479.0 311657.1 1213500.1 47 50.4705 122 34.3161 11.9 1.0
3 1001 14.9 2.68 -12.2 311612.2 1213442.6 47 50.4629 122 34.3299 11.7

062 1 15-Nov 1007 9.0 2.65 -6.4 47 50.4672 122 34.1990 311632.4 1213920.0 47 50.4680 122 34.2134 18.1 Station target
2 1008 9.6 2.65 -7.0 311626.1 1213978.9 311567.2 1213953.3 47 50.4574 122 34.2049 19.6 0.9 placed 22 m.
3 1009 9.0 2.64 -6.4 311616.3 1213932.4 47 50.4654 122 34.2103 14.5 w. of intended

062A 1 15-Nov 1028 3.0 2.54 -0.5 47 50.6210 122 35.0690 312605.2 1210439.0 47 50.6150 122 35.0691 11.1
2 1030 3.6 2.53 -1.1 312641.7 1210440.2 312635.9 1210480.6 47 50.6202 122 35.0591 12.4 1.2 New station
3 1031 3.1 2.53 -0.6 312623.5 1210438.6 47 50.6180 122 35.0693 5.6

062B 1 15-Nov 1034 5.2 2.51 -2.7 47 50.6190 122 35.0050 312607.2 1210674.0 47 50.6162 122 35.0117 9.8 DGPS ?
2 1036 5.8 2.50 -3.3 312623.6 1210701.8 312635.4 1210717.6 47 50.6210 122 35.0012 6.0 1.2 New station
3 1037 6.0 2.50 -3.5 312652.3 1210750.4 47 50.6239 122 34.9933 17.2

063 1 15-Nov 1040 12.8 2.48 -10.3 47 50.6186 122 34.9380 312593.8 1210969.3 47 50.6151 122 34.9395 6.7
2 1041 13.2 2.47 -10.7 312614.9 1210975.9 312612.7 1210966.8 47 50.6182 122 34.9402 2.8 1.1
3 1042 12.2 2.47 -9.7 312631.0 1210964.0 47 50.6212 122 34.9410 6.1

064 1 15-Nov 1049 15.5 2.44 -13.1 47 50.6208 122 34.8159 312616.1 1211434.0 47 50.6205 122 34.8261 12.7
2 1050 15.2 2.44 -12.8 312616.7 1211475.8 312632.9 1211470.8 47 50.6234 122 34.8172 5.2 1.1
3 1051 15.0 2.43 -12.6 312639.2 1211515.2 47 50.6246 122 34.8064 13.8
4 1052 15.1 2.43 -12.7 312642.0 1211471.4 47 50.6249 122 34.8171 7.8
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No. Rep. m. m. (MLLW) Northing (y) Easting (x) Northing (y) Easting (x) Latitude Longitude (m.) good < 2

NAD 1983, Decimal Min.
NAD 1983, Decimal Min.

Sample Target Sample Location
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065 1 15-Nov 1057 16.1 2.41 -13.7 47 50.6229 122 34.6938 312630.8 1211962.0 47 50.6249 122 34.6972 5.6
2 1058 16.9 2.40 -14.5 312618.5 1211975.7 312594.6 1211978.4 47 50.6190 122 34.6930 7.3 1.1
3 1100 17.2 2.40 -14.8 312575.9 1211997.2 47 50.6160 122 34.6883 14.6

066 1 15-Nov 1108 18.1 2.37 -15.7 47 50.6251 122 34.5717 312630.9 1212443.4 47 50.6267 122 34.5796 10.3
2 1109 18.2 2.37 -15.8 312620.4 1212475.6 312630.7 1212450.0 47 50.6267 122 34.5780 8.4 1.1
3 1110 18.4 2.36 -16.0 312625.9 1212449.9 47 50.6259 122 34.5780 8.0

067 1 15-Nov 1114 18.0 2.35 -15.7 47 50.6273 122 34.4496 312601.9 1212969.7 47 50.6239 122 34.4509 6.4
2 1115 17.9 2.34 -15.6 312622.2 1212975.4 312626.0 1213006.6 47 50.6280 122 34.4420 9.6 1.1
3 1116 18.0 2.34 -15.7 312644.4 1212945.6 47 50.6308 122 34.4570 11.3

068 1 15-Nov 1120 13.8 2.33 -11.5 47 50.6294 122 34.3275 312602.7 1213471.6 47 50.6259 122 34.3283 6.6
2 1121 13.0 2.33 -10.7 312624.0 1213475.3 312618.9 1213508.8 47 50.6287 122 34.3193 10.3 1.1
3 1123 14.1 2.32 -11.8 312644.2 1213464.7 47 50.6327 122 34.3302 7.0

069 1 15-Nov 1127 5.7 2.31 -3.4 47 50.6316 122 34.2054 312654.6 1213975.0 47 50.6363 122 34.2056 8.8
2 1128 5.2 2.31 -2.9 312625.9 1213975.2 312602.8 1214009.5 47 50.6279 122 34.1969 12.6 1.1
3 1129 5.6 2.31 -3.3 312664.1 1213985.9 47 50.6379 122 34.2030 12.1

069A 1 15-Nov 1139 3.0 2.29 -0.7 47 50.7840 122 34.9800 313639.9 1210828.5 47 50.7866 122 34.9797 4.8
2 1140 2.9 2.29 -0.6 313624.1 1210826.9 313585.5 1210812.5 47 50.7776 122 34.9833 12.6 1.1 New station
3 1141 3.0 2.29 -0.7 313627.2 1210823.3 47 50.7845 122 34.9809 1.5

069B 1 15-Nov 1248 7.0 2.31 -4.7 47 50.7830 122 34.9580 313603.4 1210909.5 47 50.7809 122 34.9597 4.4
2 1249 7.1 2.31 -4.8 313616.0 1210916.8 313577.3 1210904.8 47 50.7766 122 34.9607 12.3 1.3 New station
3 1250 5.6 2.31 -3.3 313603.4 1210880.1 47 50.7808 122 34.9669 11.8

070 1 15-Nov 1253 9.8 2.32 -7.5 47 50.7830 122 34.9445 313614.4 1210959.3 47 50.7829 122 34.9476 3.9
2 1255 9.2 2.32 -6.9 313614.6 1210972.2 313646.3 1210947.8 47 50.7881 122 34.9506 12.2 1.3
3 1256 9.8 2.33 -7.5 313603.5 1210958.7 47 50.7811 122 34.9477 5.3

071 1 15-Nov 1301 11.8 2.34 -9.5 47 50.7852 122 34.8223 313632.8 1211462.4 47 50.7878 122 34.8248 5.8
2 1303 11.9 2.34 -9.6 313616.5 1211472.1 313618.0 1211442.0 47 50.7853 122 34.8297 9.2 1.3
3 1304 12.0 2.35 -9.7 313645.3 1211499.9 47 50.7900 122 34.8157 12.2

072 1 15-Nov 1308 12.8 2.36 -10.4 47 50.7873 122 34.7002 313589.2 1211962.9 47 50.7825 122 34.7023 9.3
2 1309 12.8 2.36 -10.4 313618.3 1211972.0 313615.7 1212002.4 47 50.7870 122 34.6928 9.3 1.0
3 1310 12.7 2.36 -10.3 313644.3 1211947.3 47 50.7915 122 34.7064 10.9

073 1 15-Nov 1314 15.2 2.38 -12.8 47 50.7895 122 34.5781 313578.6 1212455.9 47 50.7826 122 34.5818 13.6
2 1315 15.1 2.38 -12.7 313620.1 1212471.9 313610.5 1212497.2 47 50.7880 122 34.5719 8.2 1.0
3 1316 14.4 2.39 -12.0 313638.2 1212455.6 47 50.7924 122 34.5822 7.4

074 1 15-Nov 1321 14.8 2.40 -12.4 47 50.7917 122 34.4560 313650.0 1212956.1 47 50.7962 122 34.4600 9.8
2 1322 15.1 2.40 -12.7 313622.0 1212971.8 313601.5 1212975.9 47 50.7883 122 34.4549 6.4 0.9
3 1323 14.9 2.41 -12.5 313640.6 1212968.2 47 50.7947 122 34.4570 5.8
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075 1 15-Nov 1328 8.0 2.43 -5.6 47 50.7938 122 34.3339 313630.8 1213455.1 47 50.7949 122 34.3380 5.5
2 1330 7.0 2.43 -4.6 313623.8 1213471.7 313591.6 1213496.8 47 50.7886 122 34.3276 12.5 0.9
3 1331 7.6 2.44 -5.2 313619.5 1213471.2 47 50.7931 122 34.3340 1.3

076 1 15-Nov 1335 2.8 2.46 -0.3 47 50.7960 122 34.2118 313608.2 1213754.6 47 50.7923 122 34.2647 66.3 Target sta.
2 1336 2.5 2.46 0.0 313625.7 1213971.6 313630.6 1213787.1 47 50.7961 122 34.2569 56.3 0.9 too shallow
3 1388 2.5 2.46 0.0 313655.5 1213762.7 47 50.8001 122 34.2630 64.3

077 1 15-Nov 1402 4.9 2.57 -2.3 47 50.9474 122 34.9509 314584.0 1210972.3 47 50.9424 122 34.9498 9.3
2 1404 5.6 2.58 -3.0 314614.4 1210968.5 314612.7 1210997.6 47 50.9472 122 34.9438 8.9 1.0
3 1405 4.5 2.59 -1.9 314614.2 1210954.6 47 50.9473 122 34.9543 4.2

077A 1 15-Nov 1412 13.8 2.62 -11.2 47 50.9490 122 34.8720 314618.5 1211277.7 47 50.9492 122 34.8754 4.3
2 1413 13.8 2.62 -11.2 314616.9 1211291.6 314612.1 1211315.2 47 50.9483 122 34.8662 7.3 1.0 New station
3 1414 14.0 2.63 -11.4 314590.6 1211270.9 47 50.9446 122 34.8769 10.2

078 1 15-Nov 1420 9.9 2.65 -7.3 47 50.9496 122 34.8288 314609.0 1211454.3 47 50.9483 122 34.8322 4.8
2 1421 9.8 2.66 -7.1 314616.3 1211468.4 314645.6 1211446.5 47 50.9543 122 34.8343 11.2 1.0
3 1422 9.8 2.66 -7.1 314609.5 1211485.4 47 50.9485 122 34.8246 5.6

079 1 15-Nov 1426 11.1 2.68 -8.4 47 50.9517 122 34.7067 314608.9 1211968.8 47 50.9502 122 34.7065 2.8
2 1427 11.1 2.69 -8.4 314618.1 1211968.3 314651.1 1211954.2 47 50.9571 122 34.7103 10.9 1.2
3 1428 11.0 2.69 -8.3 314577.3 1211966.0 47 50.9450 122 34.7070 12.5

080 1 15-Nov 1433 11.3 2.71 -8.6 47 50.9539 122 34.5846 314624.0 1212482.0 47 50.9546 122 34.5812 4.4
2 1434 11.4 2.72 -8.7 314619.9 1212468.2 314596.8 1212446.6 47 50.9500 122 34.5897 9.6 1.2
3 1436 11.4 2.73 -8.7 314609.2 1212488.3 47 50.9522 122 34.5796 6.9

081 1 15-Nov 1439 9.8 2.75 -7.1 47 50.9560 122 34.4624 314629.1 1212954.1 47 50.9572 122 34.4659 4.8
2 1441 10.8 2.75 -8.1 314621.8 1212968.1 314602.6 1212998.1 47 50.9530 122 34.4550 10.9 1.0
3 1442 10.0 2.75 -7.3 314649.3 1212973.0 47 50.9606 122 34.4614 8.5

082 1 15-Nov 1446 3.6 2.77 -0.8 47 50.9582 122 34.3403 314621.5 1213452.9 47 50.9578 122 34.3440 4.6
2 1447 3.4 2.78 -0.6 314623.6 1213468.0 314679.0 1213461.6 47 50.9673 122 34.3422 17.0 1.0
3 1448 3.6 2.79 -0.8 314587.9 1213460.3 47 50.9523 122 34.3420 11.1

083 1 15-Nov 1503 8.9 2.86 -6.0 47 51.1139 122 34.8352 315599.7 1211450.6 47 51.1112 122 34.8386 6.6
2 1505 9.6 2.86 -6.7 315616.1 1211464.7 315620.4 1211473.2 47 51.1147 122 34.8332 2.9 1.0
3 1506 9.0 2.87 -6.1 315634.3 1211449.7 47 51.1169 122 34.8390 7.2

084 1 15-Nov 1510 15.0 2.88 -12.1 47 51.1161 122 34.7131 315578.4 1211959.3 47 51.1096 122 34.7142 12.2
2 1511 15.1 2.89 -12.2 315617.9 1211964.6 315629.2 1211945.3 47 51.1179 122 34.7179 6.8 1.0
3 1513 14.8 2.90 -11.9 315565.0 1211932.8 47 51.1073 122 34.7206 18.8

085 1 15-Nov 1517 12.7 2.92 -9.8 47 51.1183 122 34.5910 315624.5 1212446.6 47 51.1190 122 34.5954 5.7
2 1519 12.1 2.92 -9.2 315619.7 1212464.5 315622.3 1212492.0 47 51.1188 122 34.5843 8.4 1.0
3 1520 12.4 2.92 -9.5 315608.9 1212462.2 47 51.1165 122 34.5915 3.4
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086 1 15-Nov 1524 5.1 2.95 -2.2 47 51.1204 122 34.4689 315633.0 1212956.0 47 51.1223 122 34.4710 4.3
2 1526 5.2 2.95 -2.3 315621.6 1212964.4 315612.1 1212940.3 47 51.1188 122 34.4747 7.9 1.0
3 1527 5.1 2.96 -2.1 315633.6 1212984.6 47 51.1225 122 34.4640 7.2

087 1 15-Nov 1532 4.0 2.98 -1.0 47 51.1226 122 34.3467 315638.8 1213454.6 47 51.1251 122 34.3492 5.5
2 1534 4.3 2.98 -1.3 315623.4 1213464.3 315590.5 1213463.8 47 51.1172 122 34.3467 10.0 1.1
3 1535 4.0 2.99 -1.0 315623.2 1213472.3 47 51.1226 122 34.3448 2.4

089 1 15-Nov 1548 15.8 3.04 -12.8 47 51.2554 122 34.7186 316432.4 1211978.2 47 51.2501 122 34.7143 11.2 Very high
2 1550 15.9 3.04 -12.9 316465.1 1211961.5 316405.8 1211968.2 47 51.2457 122 34.7166 18.2 1.1 current
3 1552 12.8 3.04 -9.8 316381.4 1211864.5 47 51.2413 122 34.7418 39.0

090 1 15-Nov 1558 11.1 3.06 -8.0 47 51.2576 122 34.5964 316478.0 1212430.3 47 51.2593 122 34.6041 10.1
2 1559 8.4 3.06 -5.3 316466.9 1212461.4 316494.3 1212436.0 47 51.2620 122 34.6028 11.4 1.0
3 1602 8.9 3.07 -5.8 316477.3 1212461.4 47 51.2593 122 34.5965 3.2

091 1 15-Nov 1611 4.0 3.09 -0.9 47 51.4340 122 34.9583 317596.0 1211024.0 47 51.4379 122 34.9539 9.1 Plan view
2 1612 3.6 3.09 -0.5 317572.6 1211005.5 317570.5 1210998.1 47 51.4336 122 34.9601 2.4 0.9 camera not
3 1623 3.9 3.11 -0.8 317586.7 1211009.1 47 51.4363 122 34.9575 4.4 working

092 1 16-Nov 0735 7.1 3.41 -3.7 47 51.4361 122 34.8362 317582.7 1211503.0 47 51.4375 122 34.8368 2.6
2 0736 6.9 3.41 -3.5 317574.4 1211505.4 317563.8 1211478.0 47 51.4343 122 34.8428 9.0 1.0
3 0737 7.5 3.41 -4.1 317584.3 1211515.7 47 51.4378 122 34.8337 4.3

093 1 16-Nov 0742 8.3 3.41 -4.9 47 51.4383 122 34.7140 317554.5 1211998.4 47 51.4347 122 34.7156 7.0
2 0743 8.4 3.41 -5.0 317576.3 1212005.3 317580.4 1212008.0 47 51.4390 122 34.7134 1.5 1.0
3 0744 8.6 3.41 -5.2 317611.7 1212023.8 47 51.4442 122 34.7097 12.2

094 1 16-Nov 0748 4.3 3.41 -0.9 47 51.4405 122 34.5919 317588.2 1212496.8 47 51.4421 122 34.5940 4.0
2 0750 5.0 3.41 -1.6 317578.1 1212505.2 317575.1 1212483.4 47 51.4399 122 34.5972 6.7 1.0
3 0752 4.0 3.41 -0.6 317559.7 1212520.3 47 51.4375 122 34.5881 7.3

095 1 16-Nov 0757 2.5 3.41 0.9 47 51.4426 122 34.4698 317655.1 1212898.6 47 51.4546 122 34.4962 39.7 Target sta.
2 0758 2.3 3.41 1.1 317579.9 1213005.1 317677.0 1212896.2 47 51.4582 122 34.4969 44.5 1.2 too shallow
3 0759 2.2 3.41 1.2 317716.5 1212872.6 47 51.4646 122 34.5029 58.0

096 1 16-Nov 0808 9.0 3.40 -5.6 47 51.6028 122 35.0988 318600.4 1210471.1 47 51.6010 122 35.0946 6.3
2 0810 9.0 3.39 -5.6 318611.8 1210453.9 318626.9 1210457.3 47 51.6053 122 35.0981 4.7 1.4
3 0811 9.0 3.39 -5.6 318608.2 1210449.6 47 51.6022 122 35.0999 1.7

097 1 16-Nov 0815 7.4 3.38 -4.0 47 51.6050 122 34.9767 318615.3 1210967.8 47 51.6053 122 34.9733 4.3
2 0817 7.3 3.38 -3.9 318613.6 1210953.8 318597.1 1210937.9 47 51.6022 122 34.9805 7.0 1.3
3 0818 7.3 3.38 -3.9 318634.4 1210955.6 47 51.6084 122 34.9764 6.4

098 1 16-Nov 0822 7.1 3.37 -3.7 47 51.6071 122 34.8546 318633.1 1211467.9 47 51.6101 122 34.8512 6.9
2 0823 7.0 3.37 -3.6 318615.4 1211453.7 318614.6 1211451.5 47 51.6070 122 34.8551 0.7 1.3
3 0825 7.1 3.37 -3.7 318585.1 1211441.4 47 51.6021 122 34.8574 10.0
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099 1 16-Nov 0830 7.3 3.36 -3.9 47 51.6093 122 34.7324 318620.4 1211946.8 47 51.6098 122 34.7341 2.3
2 0831 6.9 3.35 -3.6 318617.3 1211953.6 318592.0 1211939.2 47 51.6051 122 34.7358 8.9 1.3
3 0832 7.4 3.35 -4.1 318645.8 1211954.0 47 51.6140 122 34.7325 8.7

100 1 16-Nov 0837 4.2 3.34 -0.9 47 51.6115 122 34.6103 318628.1 1212467.6 47 51.6130 122 34.6069 5.1
2 0838 5.6 3.34 -2.3 318619.1 1212453.5 318626.2 1212443.4 47 51.6126 122 34.6128 3.8 1.3
3 0840 8.1 3.33 -4.8 318626.8 1212415.2 47 51.6126 122 34.6197 11.9

101 1 16-Nov 0845 2.6 3.32 0.7 47 51.6136 122 34.4881 318621.2 1212961.4 47 51.6137 122 34.4862 2.4
2 0846 2.4 3.31 0.9 318620.9 1212953.4 318647.2 1212964.4 47 51.6180 122 34.4856 8.7 1.2
3 0847 2.5 3.31 0.8 318681.7 1212970.9 47 51.6237 122 34.4842 19.3

091 4 16-Nov 0901 4.0 3.26 -0.7 47 51.4340 122 34.9583 317596.0 1211024.0 47 51.4379 122 34.9539 9.1 Repeat of
5 0902 3.6 3.26 -0.3 317572.6 1211005.5 317570.5 1210998.1 47 51.4336 122 34.9601 2.4 1.1 station for
6 0903 3.8 3.25 -0.6 317586.7 1211009.1 47 51.4363 122 34.9575 4.4 plan view

088 1 16-Nov 0916 11.7 3.21 -8.5 47 51.2533 122 34.8407 316549.0 1211581.0 47 51.2678 122 34.8120 44.8
2 0918 9.9 3.21 -6.7 316463.3 1211461.6 316557.4 1211558.7 47 51.2691 122 34.8175 41.2 1.0 Moved target
3 0919 10.8 3.19 -7.6 316558.3 1211574.7 47 51.2693 122 34.8136 45.0 station NE

083A 1 16-Nov 0939 9.3 3.10 -6.2 47 51.1820 122 34.8510 316033.6 1211408.9 47 51.1824 122 34.8512 0.8
2 0940 9.5 3.10 -6.4 316031.1 1211409.6 316014.1 1211412.1 47 51.1792 122 34.8503 5.3 1.0 New station
3 0941 9.6 3.09 -6.5 316084.6 1211409.6 47 51.1908 122 34.8513 16.3

055B 1 16-Nov 1001 4.8 3.00 -1.8 47 50.4500 122 34.9880 311581.0 1210716.2 47 50.4476 122 34.9957 10.6
2 1002 4.8 2.99 -1.8 311594.8 1210748.0 311606.0 1210740.1 47 50.4518 122 34.9900 4.2 0.9 New station
3 1003 4.8 2.98 -1.8 311589.1 1210733.1 47 50.4490 122 34.9916 4.9

047B 1 16-Nov 1008 12.6 2.96 -9.6 47 50.2900 122 34.9900 310625.7 1210712.0 47 50.2905 122 34.9914 2.0
2 1009 13.2 2.95 -10.3 310622.5 1210717.7 310605.0 1210739.0 47 50.2872 122 34.9847 8.4 0.9 New station
3 1010 12.2 2.95 -9.3 310636.5 1210691.8 47 50.2922 122 34.9964 9.0

038A 1 16-Nov 1016 12.8 2.92 -9.9 47 50.1240 122 34.9840 309591.9 1210712.3 47 50.1205 122 34.9856 6.8
2 1017 12.7 2.91 -9.8 309613.1 1210719.3 309617.6 1210708.4 47 50.1247 122 34.9867 3.6 1.1 New station
3 1018 12.8 2.90 -9.9 309577.9 1210714.8 47 50.1182 122 34.9849 10.8

046A 1 16-Nov 1034 5.5 2.82 -2.7 47 50.2890 122 35.0960 310622.1 1210280.8 47 50.2883 122 35.0967 1.6
2 1035 5.3 2.81 -2.5 310626.3 1210283.8 310653.6 1210263.1 47 50.2934 122 35.1012 10.4 1.7 New station
3 1036 5.6 2.80 -2.8 310610.6 1210280.6 47 50.2864 122 35.0967 4.9

029A 1 16-Nov 1045 12.0 2.76 -9.2 47 49.9590 122 34.9760 308606.8 1210738.6 47 49.9586 122 34.9737 3.0
2 1046 11.8 2.75 -9.1 308609.4 1210729.2 308605.2 1210703.8 47 49.9582 122 34.9822 7.9 1.2 New station
3 1047 12.1 2.74 -9.4 308618.7 1210775.3 47 49.9607 122 34.9648 14.3

021A 1 16-Nov 1057 4.7 2.69 -2.0 47 49.7980 122 35.0010 307643.3 1210591.0 47 49.7996 122 35.0044 5.2
2 1058 5.1 2.68 -2.4 307633.2 1210604.7 307633.7 1210609.2 47 49.7981 122 34.9999 1.4 1.2 New station
3 1059 5.9 2.68 -3.2 307628.5 1210625.5 47 49.7973 122 34.9959 6.5
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Charles M. Eaton
Bio-Marine Enterprises

Port Gamble SPI Nav SPI Port Gamble

Hart Crowser
Port Gamble, WDOE Study SPI & Plan View Camera Survey SOFTWARE:  Corpscon 5.11.08
November 2008 Stations arranged by Date & Time

Meter Predicted Predicted Sample Location Distance GPS
GPS Wheel Nearest Mudline DGPS Trimble NT300D to Status Comments

Station Sample Date Time Depth Tide Depth, m. Latitude Longitude NAD 1983, SPCS, Wa. N. Target HDOP
No. Rep. m. m. (MLLW) Northing (y) Easting (x) Northing (y) Easting (x) Latitude Longitude (m.) good < 2

NAD 1983, Decimal Min.
NAD 1983, Decimal Min.

Sample Target Sample Location
DGPS Trimble NT300D

021B 1 16-Nov 1103 10.9 2.65 -8.3 47 49.7980 122 34.9620 307622.7 1210749.0 47 49.7968 122 34.9657 5.1
2 1104 11.0 2.65 -8.4 307629.6 1210764.3 307643.4 1210747.0 47 49.8002 122 34.9663 6.7 1.1 New station
3 1105 11.8 2.64 -9.2 307616.1 1210794.7 47 49.7959 122 34.9545 10.1

014A 1 16-Nov 1110 5.8 2.62 -3.2 47 49.6340 122 34.9740 306621.0 1210671.7 47 49.6318 122 34.9790 7.5
2 1111 6.3 2.62 -3.7 306633.9 1210692.5 306641.7 1210699.7 47 49.6353 122 34.9723 3.2 1.1 New station
3 1113 7.8 2.61 -5.2 306622.2 1210725.8 47 49.6322 122 34.9658 10.8

007A 1 16-Nov 1120 5.7 2.57 -3.1 47 49.4700 122 34.9640 305628.1 1210695.0 47 49.4686 122 34.9678 5.4
2 1121 6.2 2.57 -3.6 305636.2 1210710.8 305640.4 1210713.3 47 49.4707 122 34.9634 1.5 1.1 New station
3 1122 7.8 2.56 -5.2 305651.3 1210743.5 47 49.4726 122 34.9561 11.0

000A 1 16-Nov 1128 4.1 2.53 -1.6 47 49.3070 122 34.8440 304642.6 1211163.3 47 49.3083 122 34.8480 5.5
2 1130 4.2 2.53 -1.7 304634.4 1211179.5 304637.4 1211178.3 47 49.3075 122 34.8443 1.0 1.2 New station
3 1131 4.8 2.52 -2.3 304622.5 1211221.0 47 49.3052 122 34.8338 13.2

055C 1 16-Nov 1200 6.6 2.40 -4.2 47 50.3730 122 35.0320 311130.4 1210554.0 47 50.3729 122 35.0328 1.0
2 1201 5.9 2.40 -3.5 311130.9 1210557.3 311156.3 1210537.4 47 50.3771 122 35.0370 9.8 1.2 New station
3 1203 7.1 2.39 -4.7 311118.2 1210580.0 47 50.3710 122 35.0264 7.9

055D 1 16-Nov 1208 3.9 2.37 -1.5 47 50.5260 122 34.9780 312058.7 1210781.5 47 50.5264 122 34.9824 5.5
2 1209 4.1 2.37 -1.7 312055.8 1210799.4 312054.4 1210808.0 47 50.5258 122 34.9759 2.6 1.1 New station
3 1210 5.0 2.36 -2.6 312057.3 1210839.6 47 50.5264 122 34.9682 12.2
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Appendix B 
SPI and Plan View Analysis Results 



Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate Date Time Successional Benthic
Stage Min Max Maj Mode Habitat Present Avg. Diam Min Max Range Mean

00A B 11/16/2008 11:30 ST I > 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 1 3 . 2
1 A 11/14/2008 07:50:00 ST I > 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 7.77 9.19 1.42 8.48
10 A 11/14/2008 10:02:00 ST III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 19.31 19.83 0.52 19.57
100 A 11/16/2008 08:37:00 ST I > 4 phi 1 phi 3 to 2 phi SA.F FALSE 0 7.36 7.72 0.36 7.54
101 B 11/16/2008 08:46:00 ST I 4 phi 1 phi 2 to 1 phi SA.M FALSE 0 5.96 7.5 1.54 6.73
11 A 11/14/2008 10:09:00 ST III > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.33 19.77 0.44 19.55
12 B 11/14/2008 10:17:00 ST III > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.62 20.22 0.6 19.92
13 A 11/14/2008 10:23:00 INDET > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.92 20.36 0.44 20.14
14 A 11/14/2008 10:31:00 ST I > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.76 20.22 0.46 19.99

14A A 11/16/2008 11:10:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 8.45 10.01 1.56 9.23
15 A 11/14/2008 10:47:00 ST III > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.98 20.3 0.32 20.14
16 B 11/14/2008 10:55:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 18.02 18.78 0.76 18.4
17 C 11/14/2008 11:03:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 17.64 18.84 1.2 18.24
18 A 11/14/2008 11:08:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 15.37 15.91 0.54 15.64
19 A 11/14/2008 11:16:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 17.22 18.31 1.09 17.76
2 B 11/14/2008 08:03:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 1.5 2.5 0.58 2
20 B 11/14/2008 11:24:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.86 17.18 2.32 16.02
21 B 11/14/2008 11:31:00 ST III > 4 phi 2 phi 3 to 2 phi UN.SS FALSE 0 12.42 12.82 0.4 12.62

21A A 11/16/2008 10:57:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 4 5 0.76 4.5
21B B 11/16/2008 11:04:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SS FALSE 0 15.94 16.48 0.54 16.21
22 B 11/14/2008 12:34:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 19.05 19.45 0.4 19.25
23 A 11/14/2008 12:39:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 16 16.17 0.17 16.08
24 A 11/14/2008 12:46:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 15.56 15.77 0.21 15.67
25 A 11/14/2008 12:54:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 13.94 14.32 0.38 14.13
26 A 11/14/2008 13:01:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 15.54 16.32 0.78 15.93
27 A 11/14/2008 13:09:00 INDET > 4 phi 3 phi > 4 phi UN.SF FALSE 0 20.02 20.19 0.17 20.1
28 B 11/14/2008 13:18:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 11.02 11.4 0.38 11.21
29 C 11/14/2008 13:42:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 8.53 8.79 0.26 8.66

29A B 11/16/2008 10:46:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 7.8 9.88 2.08 8.84
3 B 11/14/2008 08:10:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 4.5 6 1.02 5.25
30 A 11/14/2008 13:47:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 16.97 17.37 0.4 17.17
31 A 11/14/2008 13:54:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 11.66 14.52 2.86 13.09
32 A 11/14/2008 14:01:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 13.68 15.03 1.35 14.35
33 C 11/14/2008 14:12:00 ST I > 4 phi 4 phi > 4 phi UN.SF FALSE 0 14.92 15.81 0.89 15.36
34 A 11/14/2008 14:16:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.01 14.84 0.83 14.43
35 A 11/14/2008 14:26:00 ST I > 4 phi 3 phi > 4 phi UN.SF TRUE 0 18.65 18.86 0.21 18.76
36 C 11/14/2008 14:36:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 16.23 16.94 0.71 16.58
37 B 11/14/2008 14:42:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.2 2 1.65 3.6
38 A 11/14/2008 14:57:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 9.12 9.44 0.32 9.28

38A A 11/16/2008 10:16:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 15.91 16.46 0.55 16.18
39 C 11/14/2008 15:06:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.4 15.07 0.67 14.73
4 B 11/14/2008 08:18:00 ST III > 4 phi 2 phi 3 to 2 phi UN.SS FALSE 0 12.31 13.28 0.97 12.8
40 A 11/14/2008 15:11:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.69 15.07 0.38 14.88
41 A 11/14/2008 15:19:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.38 14.1 0.72 13.74
42 A 11/14/2008 15:26:00 ST I on III > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.02 13.89 0.87 13.45
43 A 11/14/2008 15:34:00 ST I on III > 4 phi 3 phi 4 to 3 phi UN.SF FALSE 0 14.4 14.67 0.27 14.53
44 A 11/14/2008 15:41:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 15.26 15.58 0.32 15.42

Grain Size (phi) Mud Clasts Camera Penetration (cm)
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate Date Time Successional Benthic
Stage Min Max Maj Mode Habitat Present Avg. Diam Min Max Range Mean

Grain Size (phi) Mud Clasts Camera Penetration (cm)

45 C 11/14/2008 15:50:00 ST III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 17.13 17.56 0.43 17.34
46 A 11/14/2008 15:55:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 8.95 10.16 1.21 9.56

46A B 11/16/2008 10:35:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 14.3 14.59 0.29 14.44
47 C 11/14/2008 16:16:00 ST I > 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 7 8 0.95 7.5

47A C 11/16/2008 10:10:00 ST I on III > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 15.26 15.77 0.51 15.52
48 A 11/14/2008 16:21:00 ST III > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 14.51 14.8 0.29 14.66
49 A 11/15/2008 08:02:00 ST III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 17.81 18.53 0.72 18.17
5 B 11/14/2008 09:23:00 ST I on III > 4 phi 2 phi 4 to 3 phi UN.SS FALSE 0 15.47 15.96 0.49 15.72
50 B 11/15/2008 08:10:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.96 15.37 0.41 15.16
51 C 11/15/2008 08:19:00 ST III > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.63 14.27 0.64 13.95
52 B 11/15/2008 08:25:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SF FALSE 0 12.82 13.23 0.41 13.02
53 A 11/15/2008 08:30:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.63 14.67 1.04 14.15
54 A 11/15/2008 08:37:00 ST I > 4 phi 3 phi > 4 phi UN.SF TRUE 0 11.76 12.39 0.63 12.08
55 B 11/15/2008 08:46:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 0.66 2.68 0.88 1.67

55A A 11/15/2008 09:12:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 0.86 2.22 0.34 1.54
55B A 11/16/2008 10:01:00 ST III 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.43 5.77 0.34 5.6
55C C 11/16/2008 12:03:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 6.55 7.31 0.76 6.93
55D C 11/16/2008 12:10:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 9.23 10.83 1.6 10.03
56 A 11/15/2008 09:20:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 6.04 6.74 0.7 6.39
57 A 11/15/2008 09:26:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 14.18 14.51 0.33 14.35
58 A 11/15/2008 09:34:00 ST I > 4 phi 3 phi > 4 phi UN.SF FALSE 0 18.79 20.13 1.34 19.46
59 B 11/15/2008 09:46:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 11.49 12.59 1.1 12.04
6 A 11/14/2008 09:29:00 ST III > 4 phi 4 phi > 4 phi UN.SF FALSE 0 19.94 20.21 0.27 20.08
60 C 11/15/2008 09:54:00 ST I on III > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 11.8 13.07 1.27 12.43
61 C 11/15/2008 10:01:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 7.2 8.42 1.22 7.81
62 B 11/15/2008 10:08:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.79 6.63 0.84 6.21

62A B 11/15/2008 10:30:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 9.47 10.2 0.73 9.84
62B A 11/15/2008 10:34:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 8.64 10.58 1.94 9.61
63 C 11/15/2008 10:42:00 ST III > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 8.15 8.76 0.61 8.45
64 A 11/15/2008 10:49:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.47 14.29 0.82 13.88
65 A 11/15/2008 10:57:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 8.3 9.09 0.79 8.69
66 A 11/15/2008 11:08:00 ST I > 4 phi 2 phi 4 to 3 phi SA.F FALSE 0 9.02 9.82 0.8 9.42
67 A 11/15/2008 11:14:00 ST I > 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 8.53 9.12 0.59 8.82
68 A 11/15/2008 11:20:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 6.46 6.86 0.4 6.66
69 B 11/15/2008 11:28:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 8.09 10.75 2.66 9.42

69A C 11/15/2008 11:41:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 6.05 6.8 0.75 6.43
69B A 11/15/2008 12:48:00 ST III > 4 phi 2 phi 4 to 3 phi UN.SS FALSE 0 12.47 13.92 1.45 13.19

7 A 11/14/2008 09:35:00 INDET > 4 phi 3 phi > 4 phi UN.SF FALSE 0 20 20.22 0.22 20.11
70 A 11/15/2008 12:53:00 ST I on III > 4 phi 2 phi 3 to 2 phi UN.SS FALSE 0 10.31 12.04 1.73 11.18
71 A 11/15/2008 13:01:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 6.63 7.35 0.72 6.99
72 A 11/15/2008 13:08:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 7.62 8.07 1.45 7.84
73 A 11/15/2008 13:14:00 ST I  4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.79 6.97 1.18 6.38
74 C 11/15/2008 13:23:00 ST I on III > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 11.49 12.35 0.86 11.92
75 C 11/15/2008 13:31:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.6 6.4 0.8 6
76 A 11/15/2008 13:35:00 ST I 4 phi 1 phi 2 to 1 phi SA.M FALSE 0 4.14 4.91 0.77 4.52
77 A 11/15/2008 14:02:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 13.13 13.49 0.36 13.31

77A A 11/15/2008 14:12:00 ST I on III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 16.27 17.53 1.26 16.9

Page 2 of 9



Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate Date Time Successional Benthic
Stage Min Max Maj Mode Habitat Present Avg. Diam Min Max Range Mean

Grain Size (phi) Mud Clasts Camera Penetration (cm)

78 A 11/15/2008 14:20:00 ST I > 4 phi 1 phi 3 to 2 phi SA.F FALSE 0 7.35 7.73 0.38 7.54
79 A 11/15/2008 14:26:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 3.43 4.48 1.05 3.95
7A A 11/16/2008 11:20:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 6.24 6.8 0.56 6.52
8 B 11/14/2008 09:49:00 ST III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 20.07 20.24 0.17 20.15
80 A 11/15/2008 14:33:00 ST I 4 phi 1 phi 2 to 1 phi SA.M FALSE 0 4.76 5.05 0.29 4.91
81 B 11/15/2008 14:41:00 ST I 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 5.5 6.93 1.43 6.22
82 B 11/15/2008 14:47:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 4.19 4.6 0.41 4.39
83 A 11/15/2008 15:03:00 ST I on III > 4 phi 2 phi 3 to 2 phi UN.SS FALSE 0 13.28 13.78 0.5 13.53

83A B 11/16/2008 09:40:00 ST I on III > 4 phi 2 phi 4 to 3 phi UN.SS FALSE 0 11.63 14.32 2.69 12.98
84 B 11/15/2008 15:11:00 ST I 4 phi 2 phi 2 to 1 phi SA.M FALSE 0 3.51 4.08 0.57 3.8
85 A 11/15/2008 15:17:00 ST I 4 phi 2 phi 2 to 1 phi SA.M FALSE 0 4.55 4.84 0.29 4.7
86 C 11/15/2008 15:27:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 4.93 5.81 0.88 5.37
87 B 11/15/2008 15:34:00 ST I > 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 8.77 9.8 1.03 9.28
88 A 11/16/2008 09:16:00 INDET N/A N/A N/A INDET FALSE 0 5.27 5.35 0.08 5.31
89 A 11/15/2008 15:48:00 ST I 4 phi < -1 phi 1 to 0 phi HR FALSE 0 4.89 5.91 1.02 5.4
9 A 11/14/2008 09:55:00 ST III > 4 phi 3 phi > 4 phi UN.SF FALSE 0 19.92 20.17 0.25 20.05
90 A 11/15/2008 15:58:00 ST I > 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 5.48 7.52 2.04 6.5
91 C 11/15/2008 16:23:00 ST I 4 phi 2 phi 3 to 2 phi SA.F FALSE 0 0.7 2.4 0.37 1.55
92 A 11/16/2008 07:35:00 ST I > 4 phi 3 phi 4 to 3 phi UN.SI FALSE 0 12.56 13.06 0.5 12.81
93 C 11/16/2008 07:44:00 ST I 4 phi < -1 phi 2 to 1 phi SA.G FALSE 0 3.87 5.03 1.16 4.45
94 A 11/16/2008 07:48:00 ST I 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 4.98 528 0.3 266.49
95 A 11/16/2008 07:57:00 ST I 4 phi 1 phi 3 to 2 phi SA.F FALSE 0 4.15 4.48 0.33 4.32
96 A 11/16/2008 08:08:00 ST I 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 4.77 5.29 0.52 5.03
97 A 11/16/2008 08:15:00 ST I 4 phi 3 phi 4 to 3 phi SA.F FALSE 0 5.41 6.61 1.2 6.01
98 A 11/16/2008 08:22:00 ST I 4 phi 3 phi 3 to 2 phi SA.F FALSE 0 9.69 11.42 1.73 10.56
99 B 11/16/2008 08:31:00 ST I 4 phi < -1 phi 2 to 1 phi SA.G FALSE 0 3.49 3.96 0.47 3.72
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B
1 A
10 A
100 A
101 B
11 A
12 B
13 A
14 A

14A A
15 A
16 B
17 C
18 A
19 A
2 B
20 B
21 B

21A A
21B B
22 B
23 A
24 A
25 A
26 A
27 A
28 B
29 C

29A B
3 B
30 A
31 A
32 A
33 C
34 A
35 A
36 C
37 B
38 A

38A A
39 C
4 B
40 A
41 A
42 A
43 A
44 A

OSI Surface Low
Min Max Mean Min Max Mean Count Mean Depth Diameter Roughness DO

0 0 0 0.10 2.90 1.72 0 0 0 4 Physical FALSE
0 0 0 0.76 3.79 2.56 0 0 0 5 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.76 3.44 2.80 0 0 0 5 Not Set FALSE
0 0 0 0.30 2.63 1.67 0 0 0 4 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.76 6.22 5.40 0 0 0 7 Physical FALSE
0 0 0 1.26 3.84 2.84 0 0 0 5 Physical FALSE
0 0 0 0.40 7.03 5.50 0 0 0 11 Indeterminate FALSE
0 0 0 1.21 5.76 4.67 0 0 0 11 Physical FALSE
0 0 0 1.97 5.41 5.01 0 0 0 11 Physical FALSE
0 0 0 0.20 5.36 4.13 0 0 0 11 Physical FALSE
0 0 0 0.10 6.47 5.52 0 0 0 7 Physical FALSE
0 0 0 0.81 2.63 2.14 0 0 0 4 Physical FALSE
0 0 0 3.03 5.21 4.20 0 0 0 11 Physical FALSE
0 0 0 0.10 6.72 4.16 0 0 0 11 Physical FALSE
0 0 0 1.26 4.25 3.19 0 0 0 6 Physical FALSE
0 0 0 2.12 5.31 4.58 0 0 0 7 Physical FALSE
0 0 0 1.21 5.06 4.44 0 0 0 11 Physical FALSE
0 0 0 0.61 3.74 3.35 0 0 0 6 Physical FALSE
0 0 0 0.25 2.58 1.54 0 0 0 8 Physical FALSE
0 0 0 0.35 5.46 3.79 0 0 0 11 Physical FALSE
0 0 0 0.45 6.02 4.81 0 0 0 11 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.25 4.25 3.65 0 0 0 6 Physical FALSE
0 0 0 0.51 4.04 2.47 0 0 0 5 Physical FALSE
0 0 0 0.76 3.94 3.03 0 0 0 6 Not Set FALSE
0 0 0 0.91 3.54 2.75 0 0 0 5 Physical FALSE
0 0 0 1.36 4.55 3.89 0 0 0 7 Physical FALSE
0 0 0 1.06 4.55 2.48 0 0 0 5 Physical FALSE
0 0 0 0.86 3.84 2.96 0 0 0 5 Physical FALSE
0 0 0 0.25 3.24 2.41 0 0 0 5 Physical FALSE
0 0 0 0.25 3.03 2.65 0 0 0 5 Physical FALSE
0 0 0 1.06 4.70 4.18 0 0 0 7 Physical FALSE
0 0 0 0.20 5.06 4.58 0 0 0 7 Physical FALSE
0 0 0 0.45 3.49 2.67 0 0 0 5 Physical FALSE
0 0 0 0.25 2.68 1.89 0 0 0 4 Physical FALSE
0 0 0 1.42 3.79 3.17 0 0 0 10 Physical FALSE
0 0 0 1.01 4.20 3.37 0 0 0 10 Physical FALSE
0 0 0 1.31 4.30 2.99 0 0 0 9 Physical FALSE
0 0 0 0.96 3.79 2.91 0 0 0 5 Physical FALSE
0 0 0 0.35 4.30 3.46 0 0 0 6 Physical FALSE
0 0 0 0.56 3.59 3.05 0 0 0 10 Physical FALSE
0 0 0 0.30 3.24 2.66 0 0 0 9 Physical FALSE
0 0 0 0.71 3.54 2.00 0 0 0 8 Physical FALSE

Redox Rebound
Thickness (cm) Apparent RPD Thickness (cm) Methane
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B45 C
46 A

46A B
47 C

47A C
48 A
49 A
5 B
50 B
51 C
52 B
53 A
54 A
55 B

55A A
55B A
55C C
55D C
56 A
57 A
58 A
59 B
6 A
60 C
61 C
62 B

62A B
62B A
63 C
64 A
65 A
66 A
67 A
68 A
69 B

69A C
69B A

7 A
70 A
71 A
72 A
73 A
74 C
75 C
76 A
77 A

77A A

OSI Surface Low
Min Max Mean Min Max Mean Count Mean Depth Diameter Roughness DO

Redox Rebound
Thickness (cm) Apparent RPD Thickness (cm) Methane

0 0 0 0.40 2.63 2.05 0 0 0 8 Physical FALSE
0 0 0 2.22 3.54 2.91 0 0 0 5 Biogenic FALSE
0 0 0 0.10 2.22 1.49 0 0 0 3 Not Set FALSE
0 0 0 0.45 1.97 1.38 0 0 0 3 Physical FALSE
0 0 0 0.71 3.89 3.00 0 0 0 9 Physical FALSE
0 0 0 0.35 3.44 2.70 0 0 0 9 Physical FALSE
0 0 0 0.20 3.94 2.95 0 0 0 9 Physical FALSE
0 0 0 0.25 4.50 3.63 0 0 0 10 Physical FALSE
0 0 0 0.91 6.57 2.80 0 0 0 5 Physical FALSE
0 0 0 1.06 4.09 2.42 0 0 0 9 Physical FALSE
0 0 0 0.35 4.80 2.58 0 0 0 5 Physical FALSE
0 0 0 0.61 3.44 2.51 0 0 0 5 Physical FALSE
0 0 0 0.10 4.04 2.88 0 0 0 5 Not Set FALSE
0 0 0 0.66 2.68 1.96 0 0 0 4 Physical FALSE
0 0 0 0.86 2.22 1.96 0 0 0 4 Physical FALSE
0 0 0 0.05 3.74 1.99 0 0 0 8 Physical FALSE
0 0 0 0.96 3.29 2.33 0 0 0 4 Physical FALSE
0 0 0 0.81 3.39 2.39 0 0 0 5 Physical FALSE
0 0 0 0.30 2.93 2.45 0 0 0 5 Physical FALSE
0 0 0 1.31 3.39 2.56 0 0 0 5 Physical FALSE
0 0 0 0.20 5.00 3.36 0 0 0 6 Physical FALSE
0 0 0 0.71 2.93 2.26 0 0 0 5 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.05 2.63 1.82 0 0 0 8 Physical FALSE
0 0 0 0.25 3.79 2.51 0 0 0 5 Physical FALSE
0 0 0 0.40 3.34 2.48 0 0 0 5 Physical FALSE
0 0 0 1.16 4.50 2.71 0 0 0 5 Physical FALSE
0 0 0 0.30 3.29 2.50 0 0 0 5 Physical FALSE
0 0 0 0.56 2.78 1.99 0 0 0 8 Physical FALSE
0 0 0 0.91 3.08 2.16 0 0 0 4 Physical FALSE
0 0 0 0.15 2.88 2.26 0 0 0 5 Biogenic FALSE
0 0 0 0.45 4.20 2.78 0 0 0 5 Physical FALSE
0 0 0 0.61 3.99 2.37 0 0 0 5 Physical FALSE
0 0 0 0.51 2.53 1.97 0 0 0 4 Physical FALSE
0 0 0 0.10 3.49 2.49 0 0 0 5 Physical FALSE
0 0 0 0.61 3.18 1.91 0 0 0 4 Physical FALSE
0 0 0 1.06 4.70 2.30 0 0 0 9 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.40 3.79 2.51 0 0 0 9 Physical FALSE
0 0 0 0.61 4.04 3.23 0 0 0 6 Physical FALSE
0 0 0 0.10 3.64 2.73 0 0 0 5 Physical FALSE
0 0 0 0.51 2.63 2.04 0 0 0 4 Physical FALSE
0 0 0 1.21 2.93 2.17 0 0 0 8 Physical FALSE
0 0 0 1.16 2.98 2.47 0 0 0 5 Physical FALSE
0 0 0 0.61 3.44 2.80 0 0 0 5 Physical FALSE
0 0 0 0.86 4.50 2.83 0 0 0 5 Physical FALSE
0 0 0 0.45 3.29 2.56 0 0 0 9 Physical FALSE
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B78 A
79 A
7A A
8 B
80 A
81 B
82 B
83 A

83A B
84 B
85 A
86 C
87 B
88 A
89 A
9 A
90 A
91 C
92 A
93 C
94 A
95 A
96 A
97 A
98 A
99 B

OSI Surface Low
Min Max Mean Min Max Mean Count Mean Depth Diameter Roughness DO

Redox Rebound
Thickness (cm) Apparent RPD Thickness (cm) Methane

0 0 0 0.96 3.64 2.80 0 0 0 5 Physical FALSE
0 0 0 0.10 3.24 2.50 0 0 0 5 Physical FALSE
0 0 0 0.20 3.18 2.34 0 0 0 5 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 0.05 3.39 2.99 0 0 0 5 Physical FALSE
0 0 0 0.71 3.74 2.67 0 0 0 5 Physical FALSE
0 0 0 1.36 2.68 2.45 0 0 0 5 Physical FALSE
0 0 0 1.31 3.74 2.56 0 0 0 9 Physical FALSE
0 0 0 0.30 4.65 3.15 0 0 0 10 Physical FALSE
0 0 0 0.45 2.63 2.25 0 0 0 4 Physical FALSE
0 0 0 0.15 3.08 2.51 0 0 0 5 Physical FALSE
0 0 0 0.05 2.63 1.96 0 0 0 4 Physical FALSE
0 0 0 0.45 3.74 2.05 0 0 0 4 Physical FALSE
0 0 0 0.00 0.00 0.00 0 0 0 99 Physical FALSE
0 0 0 0.15 2.78 2.04 0 0 0 4 Physical FALSE
0 0 0 -99.00 -99.00 -99.00 0 0 0 99 Indeterminate FALSE
0 0 0 1.36 4.85 3.03 0 0 0 6 Physical FALSE
0 0 0 0.56 2.38 1.97 0 0 0 4 Physical FALSE
0 0 0 0.61 4.70 2.91 0 0 0 5 Physical FALSE
0 0 0 0.20 3.18 2.09 0 0 0 4 Physical FALSE
0 0 0 0.96 3.18 2.73 0 0 0 5 Physical FALSE
0 0 0 0.05 2.22 1.62 0 0 0 4 Physical FALSE
0 0 0 0.57 3.82 2.75 0 0 0 5 Physical FALSE
0 0 0 1.36 3.18 2.55 0 0 0 5 Physical FALSE
0 0 0 0.15 3.79 2.88 0 0 0 5 Physical FALSE
0 0 0 1.80 2.00 1.50 0 0 0 3 Physical FALSE
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B
1 A
10 A
100 A
101 B
11 A
12 B
13 A
14 A

14A A
15 A
16 B
17 C
18 A
19 A
2 B
20 B
21 B

21A A
21B B
22 B
23 A
24 A
25 A
26 A
27 A
28 B
29 C

29A B
3 B
30 A
31 A
32 A
33 C
34 A
35 A
36 C
37 B
38 A

38A A
39 C
4 B
40 A
41 A
42 A
43 A
44 A

Comments Additional1 Woody Debris  
Description percent 

brn gry f sand and silt, entormorpha, shell frags 0
tan f. sand and silt, entromorpha, tubes, 0
tan soft mud, overpen, active void 0
tan fine sand and silt, Zostera m. 0
gray med sand low pen sand dollars 0
tan soft mud, overpen, active voids 0
tan soft mud, w clay overpen, camera shear artifact, void 0
tan soft mud w clay, overpen, camera shear 0
tan soft mud clay slight overpen, camera shear 0
tan gry fine sand and silt, 1-2% wood debris (particles) entromorpha, anemone, shell pieces Woody debris percent 2
tan soft mud slight overpen, active voids 0
tan soft mud, active voids 0
tan soft mud w clay active void, shear at depth 0
tan soft mud w clay, active voids camera shear 0
tan soft mud w clay, camera shear at depth 0
tan gry fine sand silt, eteromorpha, shell particles 0
tan soft mud w clay, active void, possible fine wood particles in upper 2 cm Woody debris percent 1
fine sand and mud, active void, camera shear 0
gry fine sand w silt, enteromorpha, shell frag 0
tan fine sand /silt w clay, stage I tubes, large shear void at depth, traces of fine wood debris w/ depth (3-5%) Woody debris percent 5
tan soft mud, active void, tube surface, camera shear 0
tan and gry soft mud w clay, slightly reduced at depth,  possible voids at depth 0
tan and gry soft mud, slightly reduced at depth, shear at depth due to possible wood debris Woody debris percent 2
tan and gray soft mud w clay, active void, camera shear at depth 0
tan and gray soft mud w clay, active void slightly reduced at depth, camera shear 0
tan soft mud overpen, shear at depth, possible woody debris lower right Woody debris percent 1
tan and gry fine sand with shell frags, fine wood debris particles w/ depth (5-7%) Woody debris percent 7
tan and gry fine sand w brown floc/algae, burrow or cobble pulldown 0
tan gray fine sand silt large piece of wood debris on surface, barnacle encrusted Woody debris percent 50
gray clean fine sand, leaf, clam shell, tube farfield, shell frags 0
tan soft mud, slightl;y reduced at depth, poss fine wood particles at depth Woody debris percent 3
tan soft mud, sea pen, camera shear at depth 0
tan and gray soft mud, slightly reduced at depth; camera sheer at different substrate. 0
tan and gray soft mud, slightly reduced at depth, camera shear at depth, possible voids 0
tan and gray soft mud, slightly reduced at depth, poss small void, poss wood piece at depth 0
tan and gray soft mud, slightly reduced at depth 0
tan soft mud camera shear at depth 0
tan and grayfine sand w clay fraction, enteromorpha, Ulva, worm tubes 0
tan fine silty sand, leaf pulled down, tubes, shell farfield, trace f wood particles on surface Woody debris percent 1
tan and gray soft mud, silty surface, polys at depth, voids 0
tan and gray soft mud, slightly reduced at depth, voids, camera shear 0
tan and gray fine sillty sand , polys at depth, surface bedforms 0
tan and gray soft mud, slightly reduced at depth, camera shear, possible voids  0
tan and gray soft mud w clay fraction, tubes, camera shear artifact, polys at depth 0
tan and gray sandy soft mud w clay fraction, possible voids, slighlty reduced at depth, camera shear artifact 0
tan and gray soft mud w clay fraction, possible voids, slightly reduced at depth camera shear, streaks of reduced sediment 0
tan and gray soft mud w clay fraction, silty surface, possible voids, camera shear artifact 0
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B45 C
46 A

46A B
47 C

47A C
48 A
49 A
5 B
50 B
51 C
52 B
53 A
54 A
55 B

55A A
55B A
55C C
55D C
56 A
57 A
58 A
59 B
6 A
60 C
61 C
62 B

62A B
62B A
63 C
64 A
65 A
66 A
67 A
68 A
69 B

69A C
69B A

7 A
70 A
71 A
72 A
73 A
74 C
75 C
76 A
77 A

77A A

Comments Additional1 Woody Debris  
Description percent 

tan and gray soft mud w clay fraction,void near surface, camera shear at depth. 0
tan and gray fine sand and mud, tubes surface, shell frags 0
brown silty mud, wood debris fibers at depth, large barnacle encrusted wood debris or rock upended on surface Woody debris percent 25
brn fine sand and mud, slightly reduced, shell frags, tubes surface, burrow, camera shear 0
tan and gry soft mud, slightly reduced at depth, void, large polys 0
tan and gray soft mud, slightly reduced at depth, void camera shear, polychaete at depth 0
tan and gray soft mud, void, slighlty reduced at depth, camera shear 0
tan and gray fine sand w mud, slightly reduced at depth, camera shear, poly at depth 0
tan and gray soft mud w sand, feeding halo? camera shear, stage I tube 0
tan and gray soft mud w sand, silty surface, camera shear, voids? Ulva pulled down into sed. 0
tan and gray fine sandy mud, slightly reduced at depth, camera shear, trace wood particles Woody debris percent 1
tan and gray fine sandy mud w clay fraction, slightly reduced at depth, camera shear, polys at depth 0
tan and gray sandy mud w clay fraction, slighly reduced at depth, Zostera m.blade in sed, reduced wiper clast 0
tan and gray fine-med sand, brown floc (diatom/cyano) on surface, Ulva, shell frags, small wood particles on surface Woody debris percent 1
tan and gray fine -med sand, brown diatom/cyano surface, separate discrete layer under surface? macro algae far field 0
tan and gray fine sand, slightly reduced on left side, macroalgae, Laminaria far field, void 0
tan fine sand, slightly reduced at depth, tubes surface Macroalgae far field, possible wood debris Woody debris percent 2
tan and gray fine sand, tubes surface, slightly reduced at depth Enteromorpha, brown diatom/cyano surface 0
tan and gray fine sand, slightly reduced at depth, sloping topography (bedform), silty surface 0
tan and gray soft mud, slightly reduced at depth, camera shear at depth 0
tan and gry soft mud, polychaete, reduced at depth, camera shear at depth 0
tan and gray soft mud, slightly reduced at depth, sea whip, leaf debris on surface 0
tan soft mud ,over pen, possible void or camera shear 0
tan and gray soft mud, reduced at depth, void feeding halo, tubes surface 0
tan and gray fine sand and mud, slightly reduced at depth, tubes surface 0
tan fine sand, twig, wood debris at surface, tubes surface Woody debris percent 5
tan and gray fine sand and mud, reduced at depth, scattered wood particles, Enteromorpha, brown diatom/cyano surface layer Woody debris percent 2
tan and gray fine sand and mud, possible large piece of wood debris, Enteromorpha Woody debris percent 30
tan and gray fine sand and mud, slighltly reduced at depth, large void or burrow, tubes surface 0
tan and gray sandy soft mud, slightly reduced at depth,  barnancle encrusted tube 0
gray fine sand and mud, large sea pen pulled down 0
tan and gray fine sand and mud, slightly reduced at depth, tube surface 0
gray fine sand and mud, slightly reduced at depth, trace wood particles on surface Woody debris percent 1
tan fine-med sand, collapsed void? large sea pen far field, tube surface 0
tan and gray fine sand an mud, sightly reduced, Enteromorpha pulled down thru RPD, farfield 0
tan and gry fine sand w mud, stage I tubes, slightly reduced at depth, shell frags, enteromorpha, small frags Ulva 0
tan brn fine sand on soft mud w clay fraction, possible void or camera shear, Enteromorpha pulled down, polys at depth 0
gray soft mud w clay fraction, overpen, camera shear  in clay at depth, oxygenated 0
tan and gray fine sand w mud and clay fraction, tubes surface, polys and voids at deph, shell frags 0
tan and gry fine -med sand, clean, sand ripples, scattered fine wood particles surface Woody debris percent 2
tan and gry fine -med sand, shell frags macroalgae farfield, scattered fine wood particles surface Woody debris percent 2
tan and gry fine -med sand, large piece woody debris, macroalage, Ulva , large sea pen farfield Woody debris percent 15
gry fine sand w clay fraction, slighlty reduced clay streaks, tubes, bedforms, void, anemone or sea pen farfield 0
tan and gry fine sand. clean, sand ripples, possible trace fine wood particles 0
clean gry fine -med sand, sand ripples 0
tan and gry sandy mud, tubes, slightly reduced streaks of clay enteromorpha 0
gray soft mud w clay fraction. layers & pockets of sand, reduced streak ofclay, polys at depth, enteromorpha surface 0
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Port Gamble SPI Image Analysis - Final Results (12/23/08)

Station Replicate

00A B78 A
79 A
7A A
8 B
80 A
81 B
82 B
83 A

83A B
84 B
85 A
86 C
87 B
88 A
89 A
9 A
90 A
91 C
92 A
93 C
94 A
95 A
96 A
97 A
98 A
99 B

Comments Additional1 Woody Debris  
Description percent 

tan and brn fine sand, reddish streak of material, tube surface, shell frag 0
clean gry fine -med sand, Ulva, shell frags, surface tubes 0
tan and brn fine sand, streaks reddish material, tubes, Ulva 0
tan soft mud w clay, overpen, camera shear artifacts 0
gry med-coarse sand, clean, fine shell particles 0
tan and gry fine sand, Ulva, piece wood debris, macro algae farfield Woody debris percent 3
tan fine sand, Zostera m. bed, Entromorpha 0
tan and gry fine sand and mud w clay fraction, slighty reduced at depth, void, polychaetes, tubes surface, macroalagae 0
tan and brn sand and silt large piece wood debris tube, shell hash Woody debris percent 20
gray med -coarse sand, shell hash, leaf debris, crab, macroalage 0
gray clean med-coarse sand, sea whip stalk, Ulva shell hash 0
gray fine med-fine sand, Zostera m., shell, macroalgae far field 0
gray fine sand w mud, dense Zostera m. bed 0
surface shot branches, leaves, large piece wood debris pipefish and gunnel in leaf debris. Zostera blade Woody debris percent 30
silt draped orange gravel on silty sand and shell hash 0
tan soft mud, overpen, voids 0
tan and gry fine sand, Ulva, decaying Zostera blade,  possible seastar, 1 cm wood pieces Woody debris percent 5
gray fine -med sand, Ulva, shell frags 0
brn fine sand and silt w clay fraction, wood debris on surface, organic matter mixed in sediment, shell frags Woody debris percent 15
gray med sand w pea gravel, shell frags, macroalgae, shell 0
gray clean  fine sand , Zostera m. bed 0
gray fine sand, shell frags, Ulva, blades of decaying Zostera, wood pieces/particles Woody debris percent 5
gray fine sand, tubes surface, Ulva, enteromorpha 0
tan and gray fine silty sand , Zostera m. blades, enteromorpha, possible fine wood particles Woody debris percent 2
tan and gray fine silty sand, Zostera m. enteromorpha, camera shear 0
gray med clean sand, decaying Zostera m. blade, Zostera and macroalgae farfield 0
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Appendix C 
SPI and Plan View Images (DVD Insert) 
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PLAN VIEW IMAGES 
SPI IMAGES 

 
(see attached DVD) 
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APPENDIX E 
RADIOMETRIC DATING REPORT 

BATTELLE MARINE SCIENCES LABORATORY 
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APPENDIX F 
FIELD INVESTIGATION PHOTOGRAPHS 

PORT GAMBLE, WASHINGTON 
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Photograph 1 - Surface sediment grab sample PGSS-39, slightly sandy SILT (ML). Example of an 
over penetrated surface sediment grab sample. 
  

 
Photograph 2 - Extruding sediment core sample on board as described in the SAP.  
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Photograph 3 - Example of a layer of wood material (wood chips and bark) with large shell hash.  
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APPENDIX G 
HUMAN HEALTH FOCUSED RISK EVALUATION 
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APPENDIX G 
HUMAN HEALTH FOCUSED RISK EVALUATION 

This appendix presents a focused human health risk evaluation for shellfish 
ingestion, to accompany the Port Gamble Bay remedial investigation (RI).  The 
Port Gamble Bay RI was initially scoped as an Ecology Sediment Management 
Standard (SMS) investigation to determine if there were adverse impacts to bay-
wide sediment benthic invertebrates due to former activities at the Mill Site, the 
Former Log Transfer Facility (FLTA) or the Former Lease Area (FLA).  Following 
discussions with the Port Gamble S’Klallam Tribe, the scope of the RI was 
expanded to include shellfish tissue analysis to evaluate potential human health 
risks from shellfish ingestion. 

The risk assessment focuses on exposure of tribal members to chemicals in 
shellfish using a tribal ingestion of shellfish scenario.  This appendix presents the 
methods and results of the risk assessment, and calculates risk-based sediment 
cleanup levels (CULs) for contaminants identified as chemicals of concern 
(COCs) for shellfish ingestion risks.  The sediment CULs are based on MTCA 
Method B procedures and on parameters for direct contact with sediment that 
might occur during tribal clamming activities.  Concentrations of COCs in 
sediment and in tissue collected from the site are also compared to available 
reference data from background locations considered appropriate to Port 
Gamble Bay. 

G.1 Methods for Assessing Risk 

Figure G-1 identifies the general objectives and methods for evaluating human 
health risks and developing sediment cleanup standards that are protective of 
human health.  This effort was intended as a focused exposure assessment and 
risk evaluation rather than a comprehensive human health risk assessment.  As 
requested by the Port Gamble S’Klallam Tribe, the assessment focuses on risks 
associated with the collection and ingestion of shellfish from Port Gamble Bay.  
The risk assessment was primarily intended to estimate human health risks to 
tribal members who consume shellfish from Port Gamble Bay.  The risk 
assessment also identifies COCs for bay sediments, which are those chemicals 
with estimated health risks for shellfish ingestion that exceed regulatory 
thresholds. 

The assessment was performed using the following procedures: 

 Identify potential exposure pathways and the reasonable maximum exposure 
(RME) scenario; 



   
Page G-2  Hart Crowser 
  17330-14  February 11, 2011 

 Calculate carcinogenic and noncarcinogenic risks for chemicals detected in 
shellfish using representative tribal ingestion rates; 

 Identify COCs based on tribal shellfish ingestion risk estimates; 

 Evaluate the sediment direct contact exposure route by comparing sediment 
concentrations of COCs for seafood ingestion with MTCA criteria and with 
sediment cleanup levels calculated for a tribal clamming scenario; 

 Compare Port Gamble Bay sediment concentrations of COCs to local Puget 
Sound sediment background levels obtained as part of the EPA Bold Survey 
(EPA 2009), using statistical procedures approved by Ecology and consistent 
with those described in MTCA; 

 Compare concentrations of COCs in shellfish tissue collected from Port 
Gamble Bay to reference levels considered representative of tissue 
background concentrations for Puget Sound, using statistical procedures 
approved by Ecology and consistent with those described in MTCA; and 

 Determine cleanup levels for sediment that are protective of human health 
according to procedures described in MTCA and supporting guidance. 

G.2 Exposure Assessment 

G.2.1 Exposure Pathways and Reasonable Maximum Exposure 
Scenarios 

Two likely exposure pathways were identified for the Port Gamble Bay site: 

 Tribal ingestion of shellfish; and 

 Direct sediment contact (incidental sediment ingestion and dermal contact) 
during shellfish gathering. 

Two reasonable maximum exposure (RME) scenarios were developed to address 
these exposure pathways: (1) the tribal seafood ingestion scenario with the focus 
on shellfish ingestion, and (2) the tribal RME clamming scenario.  The RME 
scenarios were developed for the Port Gamble bay site based on the EPA tribal 
framework document (EPA 2007).  As described below, procedures and relevant 
exposure parameter values are taken from the recent EPA and Ecology-approved 
human health risk assessment for the Lower Duwamish Waterway (LDW) site, 
including directions from EPA regarding exposure parameters for the shellfish 
ingestion and the clamming RME scenarios (Windward 2007). 
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In addition to shellfish collection and ingestion, risk from incidental contact with 
potentially contaminated sediment could occur from activities such as 
recreational use of the intertidal areas of the bay or use of fishing nets.  
However, these risks are expected to be significantly less than the risk from 
consumption of shellfish under the tribal shellfish ingestion scenario or the tribal 
RME clamming scenario. 

Evaluation of the tribal RME clamming scenario consists of the development of 
sediment cleanup levels using the RME clamming exposure parameters and 
following MTCA methods.  Decisions on the shellfish ingestion and tribal RME 
clamming scenarios and parameters for quantifying exposures, as well as 
identification of chemicals of potential concern (COPCs), were based on 
discussions between Ecology and the Port Gamble S’Klallam Tribe. 

G.2.2 Tribal Ingestion of Shellfish Scenario 

For the tribal ingestion of shellfish scenario, COPCs, exposure data for shellfish, 
and calculation of exposures as chronic daily intakes are presented below. 

Chemicals of Potential Concern 

COPCs were identified in discussions between Ecology and the Port Gamble 
S’Klallam Tribe, and were analyzed in shellfish tissue samples collected from Port 
Gamble Bay: 

 Metals, consisting of arsenic, cadmium, chromium, copper, mercury, silver, 
and zinc; 

 Polychlorinated dioxins/furans (PCDD/PCDF), congeners and homolog 
groups; 

 Polychlorinated biphenyls (PCBs), both as Aroclors and selected PCB 
congeners with dioxin-like activity; and 

 Carcinogenic PAHs (cPAHs). 

Target Species 

Shellfish were collected from Port Gamble Bay by the Port Gamble S’Klallam 
Tribe in two phases.  Samples collected in 2009 were transferred to Hart 
Crowser for subsequent preparation and laboratory analysis.  Results for 2009 
samples are presented in Tables 11 and 12 of the RI report.  Samples collected 
by the tribe in 2010 were submitted directly to the laboratory and results were 



   
Page G-4  Hart Crowser 
  17330-14  February 11, 2011 

forwarded to Hart Crowser.  Results for the 2010 tissue data are presented in 
Table G-1. 

Tissue samples were prepared and homogenized following EPA methods and 
protocols for Puget Sound.  Composite tissue samples from multiple specimens 
were analyzed to provide representative tissue for testing purposes and obtain 
an accurate estimate of average chemical concentrations.  Sampling stations are 
depicted on Figure G-2.  Only one species was collected at each station, with 
numbers of individuals per composite varying across the locations, resulting in 
the following samples collected in 2009 and 2010: 

 Three geoduck composite samples, each comprising three specimens, 
analyzed for all COPCs; 

 Nine oyster composite samples comprising 15 oysters, analyzed for metals, 
PCB Aroclors, and PAHs with dioxins/furans and PCB congeners analyzed in 
two of the nine oyster samples; 

 Twenty composite samples of littleneck clams, manila clams, cockles, and 
mussels.  Each sample was made up of approximately 30 individual 
organisms and was analyzed for metals, cPAHs, and PCBs, with 
dioxins/furans and PCB congeners analyzed in two clam samples; and 

 One crab composite sample (hepatopancreas and meat analyzed separately) 
made up of eight adult male specimens, analyzed for all COPCs. 

Site-Specific Consumption Rates 

Consumption rates for each of these seafood categories were developed 
following the EPA Tribal Fish and Shellfish Consumption Framework (EPA 2007) 
and consultation with the Port Gamble S’Klallam Tribe.  In addition, although 
salmon are a highly preferred and consumed fish from Port Gamble Bay, human 
health risks were not calculated for salmon consumption.  The Port Gamble Bay 
sediment contaminant concentration is not expected to significantly contribute 
to the salmon tissue concentrations because of the relatively small portion of 
their lifetime spent in the bay, consistent with EPA guidance in the Framework 
document (EPA 2007). 

A daily tribal shellfish consumption rate of 499 g/day was used with the 
following breakdown for the species collected from the bay: 

 Geoduck – 96.8 g/day.  Samples submitted for analysis included the gutball; 
the skin was removed from the siphon prior to analysis. 
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 Clams – 255.9 g/day, whole organism without shell.  Littleneck clams, manila 
clams, cockles, and mussels were pooled together under the clam category. 

 Oysters – 62.4 g/day, whole organism without shell. 

 Dungeness crab – 83.9 g/day, assuming 25 percent hepatopancreas (20.975 
g/day) and 75 percent meat (62.925 g/day), which were analyzed 
separately. 

The total ingestion rate for shellfish was taken from the Tribal Framework 
Document (EPA 2007) using the Suquamish survey data, as agreed with Ecology 
and the Port Gamble S’Klallam Tribe.  The total shellfish ingestion rate was 
allocated among the shellfish categories of clams, geoducks, oysters, and crabs 
following the rates identified by EPA in the risk assessment for the LDW site 
(Windward 2007). 

Chronic Daily Intake for Seafood Ingestion Pathway 

Contaminant data for evaluating exposures from shellfish consumption were 
available for crabs, clams, oysters, and geoducks collected from Port Gamble 
Bay.  Chronic daily intakes (CDIs) were calculated for the COPCs identified 
above.  Dioxins, PCBs, and PAHs are evaluated as chemical groups by the 
following methods: 

 Polychlorinated dioxins/furans (PCDD/PCDF) as total 
tetrachlorodibenzodioxin (TCDD) toxic equivalents (TEQs).  World Health 
Organization (WHO) 2005 dioxin toxicity equivalence factors (TEFs) from 
MTCA Table 708-1 were used to calculate total TEQs.  Non-detected 
congeners were quantified at one-half their detection limit prior to TEQ 
calculation. 

 Polychlorinated biphenyls (PCBs) both as the sum of Aroclors and TCDD 
TEQs for PCB congeners with dioxin-like activity.  Aroclors were summed 
following the procedure described in the Sediment Management Standards.  
Non-detected congeners were quantified at one-half their detection limit 
prior to TEQ calculation.  WHO 2005 PCB congener TEFs listed in MTCA 
Table 708-4 were used to calculate PCB TEQs. 

 Carcinogenic PAHs (cPAHs) as benzo(a)pyrene TEQs.  The California-EPA 
2005 cPAH TEFs listed in MTCA Table 708-2 were used to calculate 
benzo(a)pyrene equivalents.  Non-detected PAHs were quantified at one-half 
their detection limit prior to TEQ calculation. 
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As described below in the Toxicity Assessment, the toxic and carcinogenic form 
of arsenic is inorganic arsenic.  The amount of inorganic arsenic in the shellfish 
categories was estimated from the measured total arsenic by assuming 1.2 
percent inorganic arsenic in clams, and 0.2 percent inorganic arsenic in crabs, as 
documented for Puget Sound organisms (Ecology 2002). 

The CDI for the adult tribal shellfish consumption scenario was calculated as 
follows: 

( )
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CFxEDxEFxFIxIRxEPC
CDI ∑=  

 

Where: 

CDI = Chronic daily intake (mg/kg-day) 
EPC = Exposure point concentration (mg/kg) calculated as the mean tissue 
concentration for each shellfish tissue category 
IR = Ingestion rate (499 g/day) allocated among ingestion rates for each seafood 
category 
FI = Fractional seafood intake from Port Gamble (1.0, assumed at 100%) 
EF = Exposure frequency (365 days/year) 
ED = Exposure duration (70 years) 
CF = Conversion factor (0.001 kg/g) 
BW = Body weight (79 kg, EPA 2007) 
AT = Averaging time (25550 days) 

Exposure point concentrations (EPCs) for COPCs in clam, geoduck, and oyster 
tissues were the calculated mean values, whereas crab meat and 
hepatopancreas EPCs are based on the single measurement.  Upper confidence 
limits (UCLs) or percentiles were not used for tissue EPCs since the numbers of 
organisms in the samples were either sufficiently high to be considered 
representative of average exposures or, in the case of crab, the number of 
samples was too low. 

For dioxins/furans and dioxin-like PCB TEQs, only two samples of clams and two 
samples of oysters were analyzed; values are the means from the two samples.  
For dioxin/furans in clams and oysters, all of the samples were non-detect for all 
congeners and homolog groups; therefore, the EPCs for dioxins/furans in both 
clams and oysters are the sum of one-half the detection limit for each congener 
multiplied by the TEF.  In other words, the EPCs are based only on the detection 
limits, not on detected values.  In geoducks, dioxin/furans were non-detected 
except for octachlorodibenzodioxin (OCDD) in all three samples. 
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PCBs as Aroclors were detected in only two oyster samples collected from the 
mill area.  PCBs as Aroclors were not detected in any of the three geoduck 
samples, in any of the 20 clam samples, or in any of the crab samples.  Because 
of the lack of detections, bay wide health risks associated with PCBs as Aroclors 
in shellfish tissue are not estimated.  While PCB congeners were not analyzed in 
the Tribe’s 2010 shellfish samples, bay wide carcinogenic risks related to 
exposure to PCBs are evaluated using PCB TEQs obtained for the 2009 shellfish 
samples. 

In geoducks, all cPAHs were non-detect in all three samples.  Some cPAHs were 
detected in some of the clam and oyster samples and TEQ EPCs are based on 
one-half detection limits for non-detected individual PAHs. 

For crab, the EPCs for all COPCs are single values, and all cPAHs were non-
detect, resulting in EPCs for cPAHs in crab based only on one-half the detection 
limits. 

The EPC for each COPC in each shellfish tissue category was multiplied by the 
IR for that category and the products were summed to arrive at the total CDI for 
each COPC for shellfish ingestion.  Results are summarized in Table G-2. 

G.2.3 Direct Sediment Contact Scenario 

The direct sediment contact scenario was evaluated as the adult tribal RME 
clamming scenario, as described in the recent EPA and Ecology-approved human 
health risk assessment for the LDW site (Windward 2007).  The tribal RME 
clamming direct contact scenario was used to derive sediment cleanup levels for 
those COCs identified in the tribal shellfish ingestion scenario. 

The exposure parameters for direct contact were identified for both incidental 
sediment ingestion and dermal contact with sediment during tribal clamming 
activities.  Equations and exposure parameter values for evaluating the tribal 
clamming scenario are presented in Tables G-3 and G-4 for noncarcinogens and 
carcinogens, respectively.  The resultant sediment CULs and comparison with 
site concentration data are presented in the risk characterization (Section G.4) 
below. 

G.3 Toxicity Assessment 

Carcinogenic risks and noncarcinogenic health effects were evaluated separately 
because of differences in assumptions about the mechanism of these toxic 
effects.  The toxicity values used to evaluate exposure to chemicals with 
noncarcinogenic and carcinogenic effects are called the reference dose (RfD) 
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and cancer slope factor (CSF), respectively.  All toxicity values were taken from 
the EPA IRIS database. 

Carcinogenic chemicals are assumed to have no threshold for carcinogenicity.  
Carcinogenic risks are presented as the chance of contracting cancer over a 70-
year lifetime due to the site-related exposure.  These risks are considered by EPA 
to be excess cancer risks that are in addition to the national rates of cancer for 
the general population. 

Chemicals with noncarcinogenic health effects are generally not toxic below a 
certain threshold; a critical chemical dose must be exceeded before adverse 
health effects are observed.  The potential for noncarcinogenic health effects is 
represented by the ratio of the estimated chemical intake to the RfD, and is 
expressed as a hazard quotient (HQ).  Exposures resulting in an HQ less than or 
equal to 1 are unlikely to result in non-cancer adverse health effects. 

For chemicals of potential concern (COPCs) evaluated as a group that consists 
of dioxins/furans, PCBs, and cPAHs, the CSFs are applied to the TEQs, 
determined as described above.  For arsenic, the carcinogenic and toxic form of 
the metal is inorganic arsenic, and risks are evaluated by comparison of the CDI 
for inorganic arsenic with the toxicity value for inorganic arsenic. 

G.4 Risk Characterization and Identification of COCs for Shellfish Ingestion 

Carcinogenic risks and noncarcinogenic HQs for the tribal shellfish ingestion 
scenario were calculated separately.  Carcinogenic risk estimates were 
calculated by multiplying the estimated chemical CDI by its CSF.  Excess cancer 
risk estimates for individual COPCs were compared to the MTCA acceptable risk 
level of 1 x 10−6.  A 1 x 10−6 excess cancer risk represents an additional one-in-
one-million probability that an individual may develop cancer over a 70-year 
lifetime as a result of indirect exposure to chemicals through the consumption of 
seafood.  Noncarcinogenic HQs are calculated as the ratio of the CDI to the 
RfD. 

COCs were identified for the tribal shellfish ingestion scenario as chemicals with 
an excess cancer risk greater than 1 x 10−6 or a noncarcinogenic HQ greater 
than 1.0.  COCs were retained for additional evaluation of sediment cleanup 
levels. 

Hazard quotients for noncarcinogenic and excess cancer risks for carcinogenic 
chemicals for the tribal shellfish ingestion scenario are summarized in Table G-5.  
Cadmium and copper are the only COPCs that have non-cancer HQs greater 
than 1.0 and were carried through for additional evaluation: 
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 Cadmium, HQ = 2.0 

 Copper, HQ = 1.1. 

Inorganic arsenic, dioxin/furans, PCB dioxin-like congeners, and cPAHs are the 
COPCs with an excess cancer risk above the 1 x 10−6 threshold and were carried 
through for additional evaluation: 

 Arsenic, inorganic, excess cancer risk = 1.5 x 10−4  

 Dioxin/furan TEQ, excess cancer risk = 3.6 x 10−4  

 PCB congener TEQ, excess cancer risk = 1.2 x 10−4 

 cPAH TEQ, excess cancer risk = 7.0 x 10−5. 

The majority of the calculated excess risk values for dioxins, PCB congeners, and 
cPAHs is due to substitution of one-half the detection limit for non-detected 
analytes. 

G.5 Risk-Based Concentrations for Sediment 

G.5.1 Shellfish Ingestion 

Risk-based concentrations in sediment for shellfish ingestion are those 
concentrations in sediment that correspond to concentrations in shellfish that 
are protective of human health at the tribal ingestion rate.  However, data are 
insufficient to quantify a relationship between the chemical concentrations in 
shellfish from Port Gamble Bay with those in bay sediment; hence, a risk-based 
sediment concentration that directly relates to shellfish ingestion cannot be 
determined with certainty.  Instead, the assumption was made that 100 percent 
of the shellfish tissue COC concentrations were derived from sediment uptake at 
the site, and that the potential need for cleanup to protect shellfish ingestion 
would be based on a comparison of sediment concentrations with natural 
background levels, consistent with cleanup goals under MTCA. 

The above approach for evaluating sediment cleanup to protect shellfish 
ingestion was used in lieu of developing site-specific, biota-sediment 
bioaccumulation factors (BSAFs) or borrowing them from other sources.  BSAFs 
quantify the relationship between sediment and tissue chemical concentrations.  
Development of site-specific BASFs is data intensive, very costly, and constitutes 
a level of effort considerably beyond the current assessment.  In addition, there 
is a high level of uncertainty in BSAFs taken from other sources because of 
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limited documentation or high uncertainty due to variability.  Therefore, it was 
assumed that sediment concentrations of shellfish tissue COCs exceeded risk-
based levels for protection of shellfish ingestion and they were carried forward 
into an evaluation of sediment cleanup levels and background levels. 

G.5.2 Sediment Direct Contact 

Identification of a risk-based threshold for direct contact exposure to COPCs in 
sediment was performed by comparing maximum sediment chemical 
concentrations at the site to MTCA Method B unrestricted soil screening levels, 
and to sediment cleanup levels (CULs) developed using the tribal RME clamming 
scenario and MTCA Method B procedures.  In other words, the exposure 
parameter values (e.g., body weight, averaging time, exposure frequency, 
exposure duration) for the tribal RME clamming scenario were used with the 
MTCA procedure for calculating tribal clamming direct contact scenario cleanup 
levels for sediment. 

Only subtidal sediment chemical data are available for Port Gamble Bay; 
however, subtidal sediment concentrations are not directly comparable to 
MTCA human health risk-based soil criteria because exposure to subtidal 
sediment tends to be more limited than to soil or to intertidal sediment (i.e., 
sediment depth is between 20 and 60 feet below the surface for most of Port 
Gamble Bay and intertidal samples were not collected).  Therefore, Method B 
direct contact criteria was assumed to provide a conservative comparative 
screening level below which adverse effects would not be anticipated.  MTCA 
Method B screening criteria and maximum surface sediment concentrations for 
noncarcinogens and carcinogenic COPCs detected in shellfish tissue samples are 
presented in Tables G-3 and G-4, respectively.  The maximum concentrations of 
all surface sediment metal, cPAH, total PCBs as Aroclors, and dioxin/furan TEQs 
are below MTCA Method B criteria for direct contact (incidental ingestion). 

Sediment CULs developed for the tribal clamming scenario are compared with 
maximum surface sediment concentrations for noncarcinogens and carcinogens 
in Tables G-3 and G-4, respectively.  Maximum concentrations of all surface 
sediment metal, cPAH, total PCBs as Aroclors, and dioxin/furan TEQs are below 
the CULs developed for the tribal RME clamming scenario for incidental 
ingestion and dermal contact. 
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G.6 Background Concentrations for COPCs 

G.6.1 Sediment 

Concentrations of COPCs in Port Gamble Bay surface sediments were 
compared with representative background concentrations to evaluate cleanup 
levels for the protection of tribal shellfish ingestion.  This approach was based on 
the assumption that sediment chemical concentrations would represent the 
source of chemicals detected in shellfish collected from Port Gamble Bay.  
Comparison of the sediment levels to background and identifying sediment 
cleanup levels based on background concentrations is consistent with the MTCA 
requirement that the cleanup level be set at the highest of three values: the 
concentration representing a 1 x 10−6 risk level, background, or PQL. 

Background sediment data were taken from the Puget Sound background 
sediment database developed from the EPA Bold survey (EPA 2009).  Fifteen 
stations were selected from the Bold survey dataset as reasonably representative 
of local background conditions for Port Gamble Bay.  The following set of 
stations selected for background are a mix of stations in Hood Canal, Dabob 
Bay, and Admiralty Inlet: 

 Hood Canal – HC_0, HC_1, HC_2, HC_3, and HC_6 

 Dabob Bay - R_DAB_0, R_DAB_1, R_DAB_2, R_DAB_5, and R_DAB_7_C 

 Admiralty Inlet - AI_1, AI_5_C, AI_11_C, AI_13_C, and AI_20_C_GS 

Statistical comparisons between Port Gamble Bay and local Puget Sound 
background were made for sediment concentrations of COCs identified for the 
tribal shellfish ingestion scenario.  Analyses were performed using EPA’s ProUCL 
(EPA 2007) software.  The ProUCL statistical methods were used in place of 
MTCAStat for data evaluation [WAC 173-340-720 (9)] because the default 
lognormal assumption in MTCAStat overestimates site upper confidence levels 
(UCLs) when non-detects are present,.  For site data, upper 95 percent 
confidence limits (UCLs) on the mean were determined from ProUCL.  Since 
ProUCL calculates the 95 percent UCL by several methods, the value 
recommended by ProUCL was selected.  Since dioxin/furan TEQs and cPAH 
TEQs are calculated from multiple chemical values, the TEQs were calculated 
using one-half the detection limit for non-detected congeners and individual 
PAHs in the original data. 

As described in MTCA for comparing site with background data, the 95 percent 
UCLs on the mean of site data for COPCs were compared with local Puget 
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Sound background 90th percentile values.  ProUCL was used to evaluate the 
background data distribution characteristics, and the reported distribution in 
ProUCL was used as the basis for the statistical metrics.  ProUCL determines the 
distribution of the data, similar to the calculation of the UCL above, and 
calculates 90th percentile values for all distribution types that the data fit.  
However, ProUCL does not recommend a specific distribution or 90th percentile 
value when the data fit multiple types of distributions.  The ProUCL user guide 
(EPA 2010) recommends against using lognormal distributions for calculating 
descriptive statistics such as percentiles, due to potential bias that can result in 
high values.  For the 90th percentile values presented herein, those 
recommended by ProUCL for normal distribution are used preferentially if the 
data are found to be normally distributed, followed sequentially by the values for 
lognormal distribution if only lognormal 90th percentiles are provided or they are 
not higher than the 90th percentile value for gamma distribution, followed by 
gamma distribution, and finally non-parametric values where a distribution was 
not discernible. 

Summary statistics for site and background sediment data comparisons for 
metals, dioxin/furans, and total PCBs are presented in Tables G-6 through G-9.  
Data are expressed in units of dry weight.  Conclusions are summarized below: 

 Arsenic data could not be statistically evaluated since all Port Gamble Bay 
sediment sample results were non-detect.  The practical quantitation limits 
(PQLs) were slightly higher than those for the Puget Sound Bold study 
dataset though still below the SMS criterion.  The median bay-wide detection 
limit was 8 mg/kg compared to a local Puget Sound background median 
concentration of 6 mg/kg.  The Puget Sound background 90th percentile 
concentration is 10.9 mg/kg with a lognormal distribution (Table G-6).  
Overall, despite the lack of statistical analysis, the range of undetected 
arsenic in Port Gamble Bay sediment based on detection limits appears to 
be within the range of local background concentrations for Puget Sound. 

 Copper in sediment in Port Gamble Bay appears to be within background 
concentrations, with a Port Gamble Bay 95 UCL of 29.2 mg/kg falling below 
the local Puget Sound background 90th percentiles of 58.0 mg/kg for the 
gamma distribution (Table G-6). 

 Cadmium concentrations in Port Gamble Bay were statistically slightly higher 
than those in Puget Sound background samples.  Port Gamble median and 
95 percent UCL on the mean concentrations were 0.75 and 1.5 mg/kg, 
respectively, while local Puget Sound background median and 90th 
percentile concentrations were 0.18 and 1.1 mg/kg, respectively.  Despite 
these differences, the maximum concentration of cadmium in Port Gamble 
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Bay sediment of 2.3 mg/kg was equal to the maximum concentration in 
background Puget Sound sediment (Table G-6).  The highest background 
station, HC_2, had a cadmium concentration of 2.3 mg/kg, about two times 
that of the next lowest background station. 

 For dioxins/furans with non-detects set equal to one-half the detection limits, 
Port Gamble median and 95th percentile concentrations were 0.82 and 1.48 
ng/kg TEQ, respectively, while local Puget Sound background median and 
90th percentile concentrations were 1.06 and 1.58 ng/kg TEQ, respectively 
(Table G-7).  The published Bold Survey value for Puget Sound background 
dioxin was 4 ng/kg TEQ; however, that value was calculated as the 90 

percent upper confidence level on the 90th percentile of the data 
distribution based on a lognormal data distribution. 

 For PCB Aroclors, site and Puget Sound background sediment 
concentrations could not be calculated since both datasets had greater than 
90 percent non-detected values (Table G-8). 

 PCB congeners could not be compared, since congeners were not analyzed 
in Port Gamble sediment samples. 

 Carcinogenic PAH TEQs in sediment in Port Gamble Bay, with a 95 UCL of 
23.5 μg/kg, exceeds the 90th percentile background TEQ of 6.04 μg/kg for 
lognormal distribution (Table G-9). 

G.6.2 Shellfish Tissue 

Concentrations in shellfish tissue from reference locations, which may be 
considered background values if collected from EPA or Ecology-recognized 
background locations, were identified for select COCs, where data were 
available.  Reference data were identified for dioxins/furans in crabs, and arsenic 
in clams and crabs.  Although health risks were evaluated for the inorganic form 
of arsenic in shellfish, the comparison with reference data was evaluated using 
data on total arsenic.  Data are also available in the Ecology EIM database for 
reference levels of dioxin/furan TEQs in clams, as identified in a DMMP (2009) 
issue paper; however, all congeners and homolog groups for dioxins/furans 
were non-detect in clams and oysters from Port Gamble Bay.  Therefore, 
dioxins/furans in clam tissues were not evaluated for reference comparison.  
PAHs in tissues were not compared with reference tissue levels since 
background data could not be found. 

The following datasets were used for the reference tissue concentrations, with 
tissue data in wet weight units: 
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 Data on dioxin TEQs in crabs were available for background locations from 
the Rayonier Site RI (Dungeness Bay, Freshwater Bay).  Data, summarized in 
Tables G-10 and G-11 consist of 23 crab samples. 

 Data on total arsenic in clams collected from background locations were 
taken from an EPA and Ecology-approved data report for the RI for the LDW 
site (Windward 2005a).  Clams were collected from a bay of Bainbridge 
Island, and data from a total of six composite samples were available, each 
composite consisting of 20 individual clams of mixed species.  The 
background data on clams collected from areas that may have been 
influenced by the ASARCO plume were not used.  Data are presented in 
Table G-12. 

 Data on total arsenic in crabs from background locations were taken from an 
EPA and Ecology-approved data report for the RI for the LDW site 
(Windward 2005b).  Crabs were collected from Blake Island and East 
Passage; data from a total of 12 composite samples were available, six of 
Dungeness crab and six of slender crab.  Arsenic concentrations are 
reported for both edible meat and hepatopancreas tissue. 

Summary statistics for site and reference tissue data comparison are presented in 
Tables G-12 through G-14.  Conclusions are summarized below: 

 The 90th percentile value for dioxin/furan TEQ concentrations in the 23 
reference crab muscle samples was 0.37 ng/kg, Two samples collected from 
Hat Island and Sammish Island had slightly elevated TEQs compared to other 
background locations however, no rationale could be found for removing 
these two samples as potential outliers.  The Port Gamble Bay single crab 
muscle TEQ concentration was 0.37 ng/kg, which is identical to the 
reference 90th percentile values (Table G-14).  For reference crab 
hepatopancreas, the 90th percentile dioxin TEQ was 0.94 ng/kg for the  
lognormal distribution for the 23 samples.  In comparison, the Port Gamble 
Bay single crab hepatopanceas TEQ was 0.94 ng/kg, which is the same as 
the reference value. 

 Concentrations of total arsenic in reference clams were found to fit a normal 
distribution, whereas the Port Gamble Bay data were not found to fit a 
discernible distribution.  The 90th percentile value for total arsenic in the 
reference clams was 2.81 mg/kg, which is higher than the total arsenic 95 
UCL of 1.77 mg/kg for Port Gamble Bay clams (Table G-15). 

 The 90th percentile for arsenic in 12 reference composite crab meat samples 
was 10.9 mg/kg, with a mean of 8.4 mg/kg.  The concentration of arsenic in 
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the single sample of crab meat from Port Gamble Bay at 7 mg/kg is below 
these reference values (Table G-16).  For crab hepatopancreas, the 90th 
percentile for arsenic in four composite crab hepatopancreas samples was 
11.6 mg/kg, with a mean of 7.9 mg/kg.  The concentration of arsenic in the 
single sample of crab hepatopancreas from Port Gamble Bay at 4 mg/kg is 
below these reference values. 

G.6.3 Summary of the Background Comparisons 

Based on the above analysis, concentrations of dioxin/furan TEQs and PCB 
Aroclors in sediment of Port Gamble Bay were no different from those in 
background sediment in Puget Sound.  The dioxin/furan TEQs in crab meat and 
hepatopancreas from the bay are within background reference levels, although 
site data are limited to single composite samples. 

For arsenic in sediment, which were all non-detect, the range of detection limits 
for Port Gamble Bay sediment falls within the range of concentrations in 
background Puget Sound sediment.  Thus, it is uncertain whether arsenic in Port 
Gamble Bay sediment is within background concentrations.  For tissues, arsenic 
appears to be below reference values for crab meat and hepatopancreas from 
background locations, although site data are limited to single composite 
samples.  Arsenic in clams from Port Gamble Bay is below reference values from 
background locations in Puget Sound. 

For cadmium, the range of detected concentrations in Port Gamble Bay 
sediment falls within the range of concentrations in background Puget Sound 
sediment, but statistically the Port Gamble Bay sediment concentrations exceed 
background.  Copper in Port Gamble Bay sediment clearly is within background. 

The cPAH concentrations detected in Port Gamble Bay sediment exceed 
background concentrations. 

G.7 Sediment Cleanup Levels 

Sediment cleanup levels are designed to integrate both protection of human 
health and benthic organisms. 

G.7.1 Protection of Human Health 

For protection of human health, MTCA requires establishing cleanup levels that 
are the highest of the following: 
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 Risk-based concentration corresponding to less than an excess cancer risk of 
1 x 10−6 or an HQ of 1; 

 Practical Quantitation Limit (PQL); or 

 Background. 

A summary of preliminary cleanup screening levels is presented in Table G-17.  
Based on the statistical evaluation of risk drivers in the preceding section, the 
following sediment cleanup levels have been established: 

 PAHs – While sediment cPAH concentrations are below MTCA Method B 
direct contact risk-based concentrations, cPAHs present an excess cancer 
risk to tribal shellfish ingestion and their concentrations in Port Gamble Bay 
sediment exceed local background.  The selected cleanup level is set at the 
90th percentile background cPAH TEQ in sediment of 6.04 μg/kg based on 
the assumption that shellfish are accumulating their body burdens from the 
sediments.  Since cPAH PQLs for sediment samples collected from Port 
Gamble Bay were approximately 10 times higher than PQLs for samples 
collected from background locations, substitution of one-half the PQL has a 
significant contribution to bay wide sediment TEQ calculations.  Therefore, 
additional sediment PAH analysis using lower detection limits is 
recommended during long-term monitoring. 

 Arsenic – The interim cleanup level for arsenic in sediment is the higher of 
the PQL or the lognormal 90th percentile background value of 10.9 mg/kg, 
since arsenic was not detected in Port Gamble Bay sediment samples at 
detection limits above the 90th percentile background level.  Because the 
range of detection limits for the bay sediment (6 mg/kg to 20 mg/kg) was 
within the range of detected background values (2.2 mg/kg to 21 mg/kg), 
whether arsenic in Port Gamble Bay exceeds background is uncertain.  
Additional sediment arsenic analysis using lower detection limits is 
recommended during long-term monitoring so that comparisons can be 
made to Puget Sound background. 

 Cadmium – While sediment cadmium concentrations are below MTCA 
Method B direct contact risk-based concentrations, cadmium presents an 
excess risk to tribal shellfish ingestion and their concentrations in Port 
Gamble Bay sediment exceed local background. The selected cleanup level 
is set at the local Puget Sound 90th percentile background sediment 
concentration of 1.1 mg/kg based on the assumption that shellfish are 
accumulating their body burdens from the sediment. 
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 Dioxins/Furans – Dioxins/furans were eliminated as COCs since statistical 
evaluation demonstrated that there is no difference between Port Gamble 
Bay sediment dioxin TEQ concentration and the Puget Sound 90th 
percentile background concentration of 1.58 ng/kg TEQ; dioxin/furan TEQs 
in the single crab sample from the bay was below the average background 
crab tissue concentration; and all dioxin/furan congeners were non-detect in 
all clam and oyster samples from the Bay.  Sediment dioxin analysis may be 
helpful in establishing trends in long-term monitoring. 

 PCB Aroclors – PCBs were eliminated as COCs for the bay wide area since 
the only Aroclor detections were in two tissue samples collected from the 
Mill Area.  This area will undergo active remediation and PCBs will be 
removed as part of that cleanup. 

G.7.2 Protection of Benthic Organisms 

The SMS criteria (chemical and biological toxicity) are deemed to be protective 
of benthic invertebrates.  As described in Section 6.5 of the RI report, only three 
locations in Port Gamble Bay exceeded SQS chemical criteria and no locations 
exceeded CSL chemical criteria.  Therefore, Port Gamble sediment cleanup for 
protection of benthic organisms is based on CSL failures from biological toxicity 
testing. 

G.8 Uncertainty Identification 

The following uncertainties in the human health risk evaluation have been 
identified: 

 The risk assessment was based on data from various shellfish organisms that 
were collected from intertidal and subtidal locations in the bay.  The lack of 
collocated sediment and tissue data on organisms from intertidal locations 
presents uncertainty in the exposure estimates compared to background 
locations for tribal members who may collect and ingest shellfish from the 
intertidal areas. 

 The crab samples from the bay consisted of a single sample consisting of five 
organisms, and three geoduck samples consisting of three organisms each.  
Because of these limited numbers of samples, the exposure estimates for 
chemicals in crab and geoduck are uncertain. 

 The analyses of dioxin/furans in clam and oyster tissues from Port Gamble 
Bay were limited to two samples and all congeners in both samples were 



   
Page G-18  Hart Crowser 
  17330-14  February 11, 2011 

non-detect.  Because of the limited number of samples of clams and oysters, 
it is uncertain if the data are representative of conditions in the bay. 

 Survey data on the ingestion of shellfish by the Port Gamble S’Klallam Tribe 
are unavailable; shellfish ingestion rates were based on the Suquamish Tribe 
survey and were developed in consultation with the Port Gamble S’Klallam 
Tribe.  Although the applicability of the ingestion rates to the Port Gamble 
S’Klallam Tribe may entail some uncertainty, they are considered to be 
sufficiently health protective of potential tribal exposures at Port Gamble 
Bay. 

 Limited tissue analysis data are available for organisms collected from 
background or reference locations within Puget Sound.  For those COCs 
with limited data, there is uncertainty as to whether Port Gamble Bay tissue 
concentrations are elevated compared to background areas and, 
consequently, whether there is increased risk from ingestion of shellfish 
collected from Port Gamble Bay compared to other areas.  Available 
reference tissue data from background locations suggests that dioxin/furan 
TEQs in crabs from the bay are comparable to those identified as 
background crab data, including data reported in muscle tissue (0.3 ng/kg) 
and hepatopancreas (1.6 ng/kg) of Dungeness crabs collected from 
Dungeness Bay (PTI 1991).  In addition, comparison of arsenic levels in 
clams and crabs from the bay with reference tissue data from background 
locations that were collected to support the RI at the LDW site suggests that 
arsenic is within background.  These results suggest that the risks due to 
arsenic exposure in the shellfish ingestion scenario for the site are at 
background levels. 

 Although statistical analysis following the MTCA method indicated that the 
Port Gamble Bay sediment 95 UCL concentration of cadmium exceeded 
90th percentile background in sediment, the range of detected cadmium 
concentrations in Port Gamble Bay sediment was within the range of 
detected concentrations in the background dataset.  Additional sediment 
cadmium analysis is recommended during long-term monitoring. 

 Background tissue data for cadmium and copper in shellfish tissue are not 
readily available and, therefore, it is unknown if ingestion of shellfish from 
Port Gamble Bay presents an elevated risk compared to shellfish from 
background locations. 

 While tissue samples were analyzed for both Aroclors and PCB congeners, 
sediment was only analyzed for Aroclors and the number of detections was 
too low for background analysis following the MTCA method.  Therefore, 
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comparison with Puget Sound background PCBs concentrations could not 
be performed reliably. 

 While inorganic arsenic concentrations in shellfish resulted in excess cancer 
risk greater than 1 x 10−6 for tribal shellfish ingestion, total arsenic was not 
detected in surface sediment samples (median reporting limit = 8 mg/kg) of 
Port Gamble Bay and, therefore, a statistical comparison with Puget Sound 
background sediment arsenic concentrations was not possible.  Because the 
range of detection limits for total arsenic was within the range of detected 
arsenic in the background dataset, there is uncertainty whether arsenic in 
Port Gamble Bay sediment is within background. Additional sediment 
arsenic analysis using lower detection limits is recommended during long-
term monitoring so that comparisons can be made to Puget Sound 
background sediment. 

G.9 Summary 

In summary, the data collected in shellfish tissues from Port Gamble Bay 
demonstrate that carcinogenic PAHs present the majority of site-related risks to 
tribal members who may consume shellfish from the Bay, and they are identified 
as the risk drivers for the tribal shellfish ingestion scenario.  Carcinogenic PAHs 
are also elevated above background in sediment.  Risks associated with other 
COCs such as cadmium and copper also exceed regulatory thresholds.  
However, all other COPCs for the site are either: 

 Below risk thresholds for shellfish ingestion or sediment contact; 

 Within background for sediment (e.g., dioxins/furans, PCBs, copper) or 
within background reference values for tissue (e.g., dioxins/furans, arsenic); 
or 

 Have reasonable uncertainty as to whether sediment concentrations are 
greater or less than background (e.g., arsenic). 

The primary risk driver for human health risks is identified as cPAHs through 
shellfish ingestion. However, a large component of the calculated excess risk for 
cPAHs is due to substitution of one-half the detection limit for non-detected 
analytes. 
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Table G-1 - Summary of Port Gamble S'Klallam Tribe Validated Shellfish Sampling Results - April 2010 Sampling Sheet 1 of 3

Task PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010
Station ID Mill Site B-1 Mill Site B-1 Mill Site B-1 Mill Site B-2 Mill Site B-2 Mill Site B-2 Mill Site B-3 Mill Site B-3 Landfill-2 Landfill-2
Sample ID B1_C_PGST_100429 B1_LN_PGST_100429 B1_O_PGST_100429 B2_C_PGST_100429 B2_O_PGST_100429 B3_C_PGST_100429 B3_MUS_PGST_100429 B3_O_PGST_100429 LF2_C_PGST_100429 LF2_LN_PGST_100429

Sample Date 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010
Species Cockles Littleneck Clams Oysters Cockles Oysters Cockles Mussels Oysters Cockles Littleneck Clams

Sample Type N N N N N N N N N N

Lipids 0.33 0.46 1.75 0.43 2.28 0.40 1.54 2.13 0.28 1.37

Arsenic 1 U 2 1 1 U 1 1 U 1 2 1 U 1
Cadmium 0.04 0.29 1.00 0.05 1.27 0.04 0.57 1.35 0.04 U 0.09
Chromium 0.40 1.90 0.20 0.40 0.20 0.40 0.20 0.20 0.30 0.70
Copper 1.9 25.6 9.4 5.8 12.4 3.8 42.9 33.5 1.2 3.8
Lead 0.4 U 2.0 0.4 U 0.5 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U
Mercury 0.005 U 0.006 0.012 0.005 0.010 0.005 U 0.005 0.010 0.006 0.008
Silver 0.06 UJ 0.06 UJ 0.1 J 0.06 UJ 0.11 J 0.06 UJ 0.06 UJ 0.15 J 0.06 UJ 0.06 UJ
Zinc 13 27 161 16 185 13 23 263 9 13

Benzo(a)anthracene 1.3 1.4 3.9 4.2 25.0 3.7 0.8 48.0 0.7 0.7
Benzo(a)pyrene 0.5 U 0.6 0.9 1.0 3.9 0.9 0.5 U 7.7 0.5 U 0.5 U
Benzo(b)fluoranthene 0.5 U 0.7 3.0 1.6 13.0 1.2 0.9 28.0 0.5 U 0.7
Benzo(k)fluoranthene 0.5 U 0.7 3.0 1.6 13.0 1.2 0.9 28.0 0.5 U 0.7
Chrysene 1.6 1.8 8.1 5.0 41.0 5.0 1.7 62.0 1.1 1.4
Dibenzo(a,h)anthracene 0.5 U 0.5 U 0.5 U 0.5 U 0.5 0.5 U 0.5 U 1.1 0.5 U 0.5 U
Indeno(1,2,3-c,d)pyrene 0.5 U 0.5 U 0.5 U 0.5 U 0.6 0.5 U 0.5 U 1.3 0.5 U 0.5 U
Total cPAH TEQ (CAL EPA 2005; U = 1/2) 0.5 0.9 2.0 1.8 9.5 1.6 0.6 19.0 0.4 0.5

Aroclor 1016 4 U 4 U 4 U 3.9 U 3.9 U 3.9 U 4 U 4 U 3.9 U 3.9 U
Aroclor 1221 4 U 4 U 4 U 3.9 U 3.9 U 3.9 U 4 U 4 U 3.9 U 3.9 U
Aroclor 1232 4 U 6 U 4 U 5.9 U 3.9 U 3.9 U 4 U 4 U 3.9 U 3.9 U
Aroclor 1242 4 U 4 U 4 U 3.9 U 21 4.2 4 U 4 U 3.9 U 3.9 U
Aroclor 1248 4 U 4 U 4 U 3.9 U 3.9 U 3.9 U 4 U 7.2 3.9 U 3.9 U
Aroclor 1254 4 U 4 U 6 U 5.9 U 16 U 3.9 U 4 U 8 U 3.9 U 3.9 U
Aroclor 1260 4 U 4 U 4 U 3.9 U 3.9 U 3.9 U 4 U 4 U 3.9 U 3.9 U
Total PCB Aroclors (U = 0) 4 U 6 U 6 U 5.9 U 21 4.2 4 U 7.2 3.9 U 3.9 U

Metals (mg/kg)

Aromatic Hydrocarbons (µg/kg)

PCB Aroclors (µg/kg)

Conventional Parameters (pct)
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Table G-1 - Summary of Port Gamble S'Klallam Tribe Validated Shellfish Sampling Results - April 2010 Sampling Sheet 2 of 3

Task
Station ID
Sample ID

Sample Date
Species

Sample Type

Lipids

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Silver
Zinc

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-c,d)pyrene
Total cPAH TEQ (CAL EPA 2005; U = 1/2)

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Total PCB Aroclors (U = 0)

Metals (mg/kg)

Aromatic Hydrocarbons (µg/kg)

PCB Aroclors (µg/kg)

Conventional Parameters (pct)

PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010
Landfill-2 Landfill-2 Landfill-3 Landfill-3 Landfill-3 Landfill-4 Landfill-4 Landfill-4 Landfill-4 Log Site

LF2_M_PGST_100429 LF2_O_PGST_100429 LF3_C_PGST_100429 LF3_LN_PGST_100429 LF3_M_PGST_100429 LF4_C_PGST_100429 LF4_LN_PGST_100429 LF4_M_PGST_100429 LF4_O_PGST_100429 LS_C_PGST_100429
4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/29/2010

Manila Clams Oysters Cockles Littleneck Clams Manila Clams Cockles Littleneck Clams Manila Clams Oysters Cockles
N N N N N N N N N N

0.49 1.69 0.40 0.29 0.23 0.22 0.32 0.41 1.66 0.39

2 1 1 U 1 2 1 U 2 1 1 1 U
0.29 1.18 0.04 U 0.25 0.27 0.04 U 0.37 0.25 1.20 0.04
0.30 0.20 0.20 0.40 0.20 0.30 0.20 0.20 0.10 0.20
2.6 8.4 0.9 6.1 3.3 1.0 4.4 4.8 8.4 1.1

0.4 U 0.4 U 0.4 U 0.4 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U
0.008 0.011 0.005 0.006 0.009 0.006 0.009 0.010 0.014 0.005 U

0.06 UJ 0.13 J 0.06 UJ 0.06 UJ 0.06 UJ 0.06 UJ 0.06 UJ 0.1 J 0.13 J 0.06 UJ
10 135 10 16 10 9 14 11 165 10

1.5 1.7 0.6 4.2 2.9 0.5 U 0.5 U 1.9 2.0 0.5 U
0.5 U 0.7 0.5 U 3.3 2.0 0.5 U 0.5 U 0.5 U 0.5 0.5 U
0.5 U 2.3 0.5 U 2.0 1.2 0.5 U 0.5 U 0.5 U 1.9 0.5 U
0.5 U 2.3 0.5 U 2.0 1.2 0.5 U 0.5 U 0.5 U 1.9 0.5 U
1.8 4.2 0.9 4.5 3.2 0.7 0.5 U 2.1 4.4 0.9

0.5 U 0.5 U 0.5 U 0.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 1.3 0.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 1.4 0.4 4.4 2.7 0.4 0.5 U 0.6 1.2 0.4

4 U 3.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 4 U 4 U
4 U 3.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 4 U 4 U
4 U 5.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 4 U 4 U
4 U 3.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 4 U 4 U
4 U 3.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 6 U 4 U
4 U 9.8 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 9.9 U 4 U
4 U 3.9 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 4 U 4 U
4 U 9.8 U 3.9 U 3.9 U 4 U 3.9 U 4 U 3.9 U 9.9 U 4 U
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Table G-1 - Summary of Port Gamble S'Klallam Tribe Validated Shellfish Sampling Results - April 2010 Sampling Sheet 3 of 3

Task
Station ID
Sample ID

Sample Date
Species

Sample Type

Lipids

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Silver
Zinc

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-c,d)pyrene
Total cPAH TEQ (CAL EPA 2005; U = 1/2)

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Total PCB Aroclors (U = 0)

Metals (mg/kg)

Aromatic Hydrocarbons (µg/kg)

PCB Aroclors (µg/kg)

Conventional Parameters (pct)

PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010 PortGambleTissue2010
Log Site Log Site Log Site Point Julia Reference Reference Site 1 Reference Site 1 Reference Site 1 South Reservation South Reservation

LS_LN_PGST_100429 LS_M_PGST_100429 LS_O_PGST_100429 PJ_O_PGST_100429 RS1_C_PGST_100430 RS1_M_PGST_100430 RS1_O_PGST_100430 SRS_C_PGST_100429 SRS_O_PGST_100429
4/29/2010 4/29/2010 4/29/2010 4/29/2010 4/30/2010 4/30/2010 4/30/2010 4/29/2010 4/29/2010

Littleneck Clams Manila Clams Oysters Oysters Cockles Manila Clams Oysters Cockles Oysters
N N N N N N N N N

0.47 0.38 1.65 2.43 0.39 0.71 1.91 0.28 2.63

3 3 1 2 1 U 2 2 1 U 2
0.45 0.35 1.28 1.13 0.05 0.25 1.23 0.04 1.49
0.20 0.20 0.20 0.10 0.40 0.30 0.80 0.20 0.20
3.3 6.7 9.9 6.9 1.3 9.7 8.8 1.5 9.5

0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.5 0.4 U 0.4 U 0.4 U
0.008 0.008 0.011 0.010 0.009 0.010 0.012 0.005 U 0.012
0.07 J 0.08 J 0.14 J 0.13 J -- R 0.09 J 0.17 J -- R 0.16 J

13 12 130 139 11 16 100 9 174

0.5 U 1.1 0.9 0.9 0.5 U 0.5 U 0.5 U 0.5 U 1.3
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5
0.5 U 0.5 U 0.8 1.1 0.5 U 0.5 U 0.5 U 0.5 U 2.0
0.5 U 0.5 U 0.8 1.1 0.5 U 0.5 U 0.5 U 0.5 U 2.0
0.5 U 1.2 2.4 2.9 0.5 U 0.6 1.4 0.5 U 3.8
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 0.6 0.6 0.5 U 0.4 0.4 0.5 U 1.1

4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U
4 U 4 U 3.9 U 4 U 4 U 4 U 3.9 U 4 U 4 U

Notes:
 Bold = Detected result
J = Estimated value
U = Compound analyzed, but not detected above detection limit
UJ = Compound analyzed, but not detected above estimated detection limit
R = Rejected
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Table G-2 - Chronic Daily Intake From Seafood Ingestion

CDI = (EPC x IR x FI x EF x ED x CF)/(BW x AT)

EPC = Chemical Specific exposure point concentration (average tissue concentration by species) in mg/kg
IR = Ingestion Rate (499 g/day)

1.0 nal intake from seafood (1.0)
365 - not used ulate on a daily basis or express as a fraction of days exposed per yea

70  duration (70 yrs or 25550 days)
0.001 version factor (0.001 kg/g)

79 = body weight (79 kg)
70 ng time (70 yrs or 25550 days)

Chemical
Geoduck EPC 

(mg/kg)
Geoduck
IR (g/day)

Geoduck
EPC x IR

Clam EPC 
(mg/kg)

Clam
IR (g/day)

Clam
EPC x IR

Oyster EPC 
(mg/kg)

Oyster
IR (g/day)

Oyster
EPC x IR

Crab Hepato EPC 
(mg/kg)

Crab Hepato
IR (g/day)

Crab Hepato
EPC x IR

Crab Meat EPC 
(mg/kg)

Crab Meat
IR (g/day)

Crab Meat
EPC x IR

Total EPC x IR 
(mg-g/kg-day)

CDI
(mg/kg-day)

Arsenic (inorganic) 0.020 96.8 1.94 0.016 255.9 3.99 0.014 62.4 0.88 0.008 20.975 0.1678 0.014 62.925 0.88 7.86 9.9E-05
Cadmium 0.21 96.8 20.65 0.20 255.9 51.82 1.19 62.4 74.33 0.34 20.975 7.1315 0.04 62.925 2.52 156.4 2.0E-03
Chromium 0.13 96.8 12.91 0.38 255.9 95.96 0.18 62.4 11.09 0.10 20.975 2.0975 0.10 62.925 6.29 128.4 1.6E-03
Copper 4.13 96.8 399.8 6.15 255.9 1,574 11.10 62.4 693 19.20 20.975 402.72 8.65 62.925 544.3 3,613 4.6E-02
Lead 0.20 96.8 19.36 0.32 255.9 80.61 0.20 62.4 12.48 0.20 20.975 4.195 0.20 62.925 12.59 129.2 1.6E-03
Silver 1.18 96.8 114.5 0.04 255.9 11.26 0.12 62.4 7.77 0.50 20.975 10.4875 0.19 62.925 11.96 156.0 2.0E-03
Zinc 20.60 96.8 1,994 12.79 255.9 3,273 159.8 62.4 9,970 15.10 20.975 316.7225 50.20 62.925 3,159 18,713 2.4E-01
Mercury 0.01 96.8 1.29 0.01 255.9 1.52 0.01 62.4 0.69 0.03 20.975 0.62925 0.05 62.925 2.96 7.09 9.0E-05

TCDD TEQ 3.41E-07 96.8 3.30136E-05 3.59E-07 255.9 9.19E-05 3.59E-07 62.4 2.24E-05 9.40E-07 20.975 1.97E-05 3.70E-07 62.925 2.33E-05 1.90E-04 2.41E-09
PCB TEQ 6.23E-08 96.8 6.03479E-06 5.83E-08 255.9 1.49E-05 7.07E-08 62.4 4.41E-06 1.66E-06 20.975 3.47E-05 6.31E-08 62.925 3.97E-06 6.41E-05 8.11E-10

PAH TEQ 1.32E-03 96.8 0.13 0.0010 255.9 0.26 0.0042 62.4 0.26 1.27E-03 20.975 0.0266 1.34E-03 62.925 0.0844 0.76 9.60E-06

Arsenic is assumed to be 1.2% inorganic in clams and oysters, and 0.2% inorganic in crabs (Ecology 2002).
Tissue concentration data are in wet weight.
Non-detects quantified at 1/2 detection limit
CDI = chronic daily intake
EPC = exposure point concentration
IR = ingestion rate
TEQ = Toxic equivalents
Shaded EPCs - Analyte was not detected in any sample. Concentrations are based on substitution of one-half the detection limit.
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Table G-3 - Noncarcinogenic Sediment Screening Levels with Incidental Ingestion and Dermal Exposure

Haz 
Quotient

Average 
body 

weight
averaging 

time
Unit conversion 

factor

Soil 
Ingestion 

Rate

Gastro 
absorption 

factor
Exposure 
Frequency

Exposure 
duration

Dermal 
surface 

area 
Adherence 

factor
Arsenic 

Ingestion CUL
Arsenic 

Dermal CUL

Arsenic 
concurrent 
exposure 

CUL
Cadmium 

Ingestion CUL
Cadmium 

Dermal CUL

Cadmium 
concurrent 
exposure 

CUL
Copper 

Ingestion CUL
Copper 

Dermal CUL

Copper 
concurrent 
exposure 

CUL
Risk ABW AT UCF SIR AB1 EF ED SA AF

kg years mg sed/kg sed mg sed/day event/yr years cm2 mg/cm2/event mg/kg sed DW mg/kg sed DW
mg/kg sed 
DW mg/kg sed DW mg/kg sed DW

mg/kg sed 
DW mg/kg sed DW

mg/kg sed 
DW mg/kg sed DW

MTCA Method B Unrestricted Use 1 16 6           1,000,000 200 1 365 6 2200 0.2                 24.0                  218               21.6                    80                       727                   72                2,960 2.69E+04              2,667 
Tribal intertidal clamming adult 1 81.8 64           1,000,000 100 1 120 64 6040 0.30                  746                  824             391.6               2,488                    2,746              1,305              92,059         101,610            48,300 
Maximum Port Gamble Sediment 
Concentration (HC Bay wide Samples 
only)  20 U                     2                    40 

cleanup standard =

Dermal exposure

Parameter Definition Value
Hazard Quotient Acceptable hazard quotient unitless
ABW Average body weight, kg  

Parameter Definition AT Averaging Time, Years

Haz Quotient Acceptable hazard quotient unitless UCF1 Unit Conversion Factor, mg/kg
ABW Average body weight, kg  UCF2 Unit Conversion Factor, µg/mg
AT Averaging Time, Years RFDo Oral Reference Dose, mg/kg-day
UCF Unit Conversion Factor, mg/kg CPFd Dermal Cancer Potency Factor, kg-day/mg
Ref Dose Reference Dose, mg/kg-day
SIR Soil Ingestion Rate, mg/day EF Exposure Frequency, unitless
AB1 Gastrointestinal absorption fraction, unitless ED Exposure Duration, years
EF Exposure Frequency, unitless SIR Soil Ingestion Rate, mg/day
ED Exposure Duration, years AB1 Gastrointestinal absorption fraction, unitless

SA Dermal Surface Area exposed, cm2

AF Soil Adherence Factor, mg/cm2-day

mg chem/kg-
day ABS Dermal absorption fraction, unitless

oral (RFDo) dermal (RFDd)

dermal 
absorption 

fraction (ABS)

arsenic 3.00E-04 6.00E-05 0.01
cadmium 1.00E-03 2.00E-04 0.01
copper 3.70E-02 7.40E-03 0.01

RFDd* HazQuotient * ABW * AT* UCF1

 SIR * AB1* EF * ED

Input parameters Calculated Sediment Screening Values

1
1

plus
1

Ingestion Component Dermal Component

Incidental ingestion

1.00E+06

Reference Dose

Chemical - Specific Input Parameters

Chemical Specific
200
1

Sediment Cleanup Level 
(ug/kg)

Value

1
6

1

1.00E+00

=

EF * ED * SA * AF * ABS
  RFDo* Hazard Quotient * ABW * AT * UCF

16
75

1.00E-06

1.00E+06
1000

Chemical Specific
Chemical Specific

16
75

0.2

Chemical Specific

6
200
1

2200
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Table G-4 - Carcinogenic Sediment Screening Levels for Incidental Ingestion and Dermal Exposure

Risk

Average 
body 

weight
averaging 

time

Unit 
conversion 

factor

Soil 
Ingestion 

Rate

Gastro 
absorption 

factor
Exposure 
Frequency

Exposure 
duration

Dermal 
surface 

area 
Adherence 

factor
Dioxin TEQ 
Ingestion CUL

Dioxin TEQ 
Dermal CUL

Dioxin TEQ 
concurrent 
exposure

Total PCB 
Ingestion 
CUL

Total PCB 
Dermal 
CUL

Total PCB 
concurrent 
exposure

cPAH TEQ 
Ingestion 

CUL
cPAH TEQ 

Dermal CUL

cPAH TEQ 
concurrent 
exposure 

CUL

Arsenic 
Ingestion 

CUL
Arsenic 

Dermal CUL

Arsenic 
concurrent 
exposure 

CUL
Risk ABW AT UCF SIR AB1 EF ED SA AF

kg years mg sed/kg sed mg sed/day event/yr years cm2 mg/cm2/event
pg chem/g sed 
DW

pg chem/g sed 
DW

pg chem/g sed 
DW ug/kg sed DW

ug/kg sed 
DW ug/kg sed DW ug/kg sed DW ug/kg sed DW ug/kg sed DW

ug/kg sed 
DW ug/kg sed DW ug/kg sed DW

MTCA Method B Unrestricted Use 1.00E-06 16 75          1,000,000 200 1 365 6 2200 0.2 7                  51 6                500         1,315              362              137               426                104           667              426               260 
Tribal intertidal clamming adult 1.00E‐06 81.8 70              1,000,000  100 1 120 64 6040 0.3 18 15 8 1361 395 306 373 128 95 1814 656 482
Maximum Port Gamble Sediment 
Concentration (HC Bay wide 
Samples only)                2.5                 16                  60  20 U 

cleanup standard =

Dermal exposure

Parameter Definition

Risk Acceptable cancer risk level, untiless

ABW Average body weight, kg  
Parameter Definition AT Averaging Time, Years

Risk Acceptable cancer risk level, untiless UCF1 Unit Conversion Factor, mg/kg

ABW Average body weight, kg  UCF2 Unit Conversion Factor, µg/mg

AT Averaging Time, Years CPFo Carcinogenic Potency Factor, kg‐day/mg

UCF Unit Conversion Factor, mg/kg CPFd Dermal Cancer Potency Factor, kg‐day/mg

CPFo Carcinogenic Potency Factor, kg‐day/mg

SIR Soil Ingestion Rate, mg/day EF Exposure Frequency, unitless

AB1 Gastrointestinal absorption fraction, unitless ED Exposure Duration, years

EF Exposure Frequency, unitless SIR Soil Ingestion Rate, mg/day

ED Exposure Duration, years AB1 Gastrointestinal absorption fraction, unitless

SA Dermal Surface Area exposed, cm2

AF Soil Adherence Factor, mg/cm2‐day

mg chem/kg 
BW/day ABS  Dermal absorption fraction, unitless

oral (CPFo) dermal (CPFd)
dermal 

absorption
150,000 300,000                0.03

2 2.47 0.14
cPAH 7.3 8.20 0.13
arsenic 1.5 1.60 0.13

Chemical Specific

Chemical Specific

Chemical Specific

2200

0.2

1

6

200

1

Risk * ABW * AT* UCF1

16
75

Value

1.00E-06

Dermal Component

PCB

Cancer potency factor

2,3,7,8 TCDD TEF

Chemical - Specific Input Parameters

6

75

1.00E+06

16

Incidental ingestion

Sediment Cleanup Level 
(ug/kg)

Input parameters

1.00E+06

Calculated Sediment Screening Values

1
1

plus
1

Ingestion Component

1000

CPFo* SIR * AB1* EF * ED=

EF * ED * SA * AF * ABS  * CPFd
  Risk * ABW * AT * UCF

Value

1.00E-06

Chemical Specific

200

1

1
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Table G-5 - Estimated Risks for the Tribal Shellfish Ingestion Scenario

Chemical

Non-cancer
RfD

(mg/kg-day)

Oral Cancer
Slope Factor
(kg-day/mg)

Hazard
Quotient (HQ)

Excess
Cancer

Risk
Arsenic (inorganic) 0.0003 1.5 0.3 1.5E-04
Cadmium 0.001 2.0
Chromium 0.003 0.5
Copper 0.04 1.1
Lead
Silver 0.005 0.4
Zinc 0.3 0.8
Mercury 0.0001 0.9

TCDD TEQ 1.50E+05 3.6E-04a

PCB TEQ 1.50E+05 1.2E-04a

0.00002
PAH TEQ 7.3 7.0E-05a

Total Cancer Risk 7.0E-04
RfD = Reference dose
TEQ = Toxic equivalents

a - A large component of the calculated excess risk values for dioxins, PCB congeners, and cPAHs
      is due to substitution of one-half the detection limit for non-detected analytes.
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Table G-6 - Comparison of Port Gamble Bay and Local Puget Sound Background Metal Concentrations

As Cd Cu As Cd Cu
Raw Statistics

Number of Samples (discrete) 42 42 42 15 15 15
Minimum 6 U 0.3 3.4 2.2 0.16 4

Maximum 20 U 2.3 40.2 21 2.3 91.2
Mean 8.5 U 1.135 20.9 6.007 0.478 26.65

Median 8 U 0.75 16.8 6.0 0.18 15.7
Standard Deviation NA 0.66 12.37 4.526 0.645 23.99

ProUCL Statistics
Normal NA -- -- -- -- --

Lognormal NA -- -- 10.89a -- 65.12
Gamma NA -- -- 11.01 -- 58.01b

Nonparametric NA 1.491 29.23 13.56 1.097 70.5

NA - Not Avaiable due to limited dataset, all nondetected values.
a - Lognormal distribution used to calculate background arsenic 90th percentile.
b - Gamma distribution used to calculate background copper 90th percentile.

Local Puget Sound Background SedimentPort Gamble Bay Sediment

90th Percentile of Data95% UCL of Mean
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Table G-7 - Comparison of Port Gamble Bay and Local Puget Sound Background Sediment Dioxin Concentrations

Port Gamble Bay 
Sediment

Local Puget Sound 
Background Sediment

TEQ TEQ
Raw Statistics

Number of Samples (discrete) 10 15
Minimum 0.344 0.258
Maximum 2.48 1.848

Mean 1.061 0.946
Median 0.82 1.06

Standard Deviation 0.722 0.497
ProUCL Statistics 95% UCL of Mean 90th Percentile of Data

Normal 1.479 1.583a

Lognormal -- 1.661
Gamma -- 1.653

Nonparametric -- 1.813
Values for non-detected congeners were set at 1/2 detection limit.
a - Normal distribution used to calculate background dioxin 90th percentile.
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Table G-8 - Comparison of Port Gamble Bay and Local Puget Sound Background Sediment PCB Aroclor Concentrations

Port Gamble Bay
Local Puget Sound Background 

Sediment
Number of detections 2 0

Maximum detected concentration 16 NA
Minimum detected concentration 4.3 NA

Average NA NA
Median NA NA

Standard deviation NA NA
MTCAStat 90th percentile of Data NA

ProUCL 95% UCL of Mean NA

There were too few detected values to allow statistical evaluation

Total PCBs (µg/kg)
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Table G-9 - Sediment cPAHs TEQ Statistics Summary

TEQ (1/2 DL) TEQ (0 DL) TEQ (1/2 DL) TEQ (0 DL)
Raw Statistics

Number of Samples (discrete) 42 42 15 15
Minimum 14.35 0 1.569 0.278
Maximum 60.44 59.44 8.059 7.809

Mean 21.22 12.74 3.412 2.197
Median 16.2 12.89 2.936 0.986

Standard Deviation 8.849 13.78 1.961 2.932
ProUCL Statistics

Normal -- -- -- --
Lognormal -- -- 6.04 --

Gamma -- -- 9.05 --
Nonparametric 23.52 16.23 5.7 4.99

MTCA Statistics
Site (Site97.xls)

95% UCL of Mean (Normal) -- -- 
95% UCL of Mean  (Lognormal) -- --

95% UCL  of Mean (Neither) 23.464 -- a

Background (Background97.xls)
90th Percentile of Data (Normal) -- --

90th Percentile of Data (Lognormal) 6.11 --
90th Percentile of Data (Neither - Nonparametric) -- 3.76 (6.55b)

Notes:
a - Too many censored values (10) to calculate
b - Since the value exceeds the 4 X 50th limit, use 3.76 as the background value.

95% UCL of Mean 90th Percentile of Data

Local Puget Sound Background 
SedimentPort Gamble Bay Sediment

95% UCL of Mean 90th Percentile of Data
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Table G-10 - Background Dungeness Crab Muscle Tissue Dioxin TEQs

Sampling Site 
Sampling
Location

Collection 
Date Sample ID Chemical Units

TEQ
ND=1/2DL

TEQ
ND=0

Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-36DA-F Total Dioxin TEQ ng/kg 0.341143 0.340643
Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-36DG-K Total Dioxin TEQ ng/kg 0.321875 0.00936
Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-38DA-F Total Dioxin TEQ ng/kg 0.275522 0.064022
RAYONIER-MILL-DB-01-BI Dungeness Bay 10/2/2006 DB-02-C Total Dioxin TEQ ng/kg 0.044454935 0.0080185
RAYONIER-MILL-DB-01-BI Dungeness Bay 10/2/2006 DB-03-C Total Dioxin TEQ ng/kg 0.049786825 0.0048244
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-06-C Total Dioxin TEQ ng/kg 0.064764915 0.0339402
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-07-C Total Dioxin TEQ ng/kg 0.06742296 0.029968
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-08-C Total Dioxin TEQ ng/kg 0.07214801 0.0044035
RAYONIER-MILL-DB-03-BI Dungeness Bay 10/2/2006 DB-01-C Total Dioxin TEQ ng/kg 0.04948451 0.02071991
RAYONIER-MILL-DB-04-BI Dungeness Bay 10/2/2006 DB-04-C Total Dioxin TEQ ng/kg 0.04557149 0.0042541
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-01-C Total Dioxin TEQ ng/kg 0.05096256 0.00291
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-02-C Total Dioxin TEQ ng/kg 0.02948295 0.00288
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-03-C Total Dioxin TEQ ng/kg 0.04365643 0.01326
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-04-C Total Dioxin TEQ ng/kg 0.0326878 0.00223
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-05-C Total Dioxin TEQ ng/kg 0.027320175 0.00204
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-06-C Total Dioxin TEQ ng/kg 0.028159965 0.00233
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-07-C Total Dioxin TEQ ng/kg 0.03503907 0.00205
RAYONIER-MILL-FB-01-BI Freshwater Bay 10/2/2006 FB-08-C Total Dioxin TEQ ng/kg 0.051323 0.01555121
Samish Island Samish Island 5/26/1999 218020 Total Dioxin TEQ ng/kg 1.34945 0.051
Hat Island Hat Island 5/26/1999 218021 Total Dioxin TEQ ng/kg 1.131225 0.049
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCWA Total Dioxin TEQ ng/kg 0.31598425 0.0037735
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCWB Total Dioxin TEQ ng/kg 0.3807499 0.0009915
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCWC Total Dioxin TEQ ng/kg 0.23789225 0.0035032
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Table G-11 - Background Dungeness Crab Hepatopancreas Tissue Dioxin TEQs

Sampling Site 
Sampling
Location

Collection 
Date Sample ID Chemical Units

TEQ
ND=1/2DL

TEQ
ND=0

Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-36DA-F Total Dioxin TEQ ng/kg 0.912695 0.01148
Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-36DG-K Total Dioxin TEQ ng/kg 0.296173 0.030673
Esquimalt Harbour Reference Site Pedder Bay 9/4/2008 CR08-38DA-F Total Dioxin TEQ ng/kg 0.739128 0.627128
RAYONIER-MILL-DB-01-BI Dungeness Bay 10/2/2006 DB-02-C Total Dioxin TEQ ng/kg 1.4335569 1.4304093
RAYONIER-MILL-DB-01-BI Dungeness Bay 10/2/2006 DB-03-C Total Dioxin TEQ ng/kg 0.33680715 0.319483
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-06-C Total Dioxin TEQ ng/kg 0.9853153 0.9822958
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-07-C Total Dioxin TEQ ng/kg 1.3500182 1.3499957
RAYONIER-MILL-DB-02-BI Dungeness Bay 10/2/2006 DB-08-C Total Dioxin TEQ ng/kg 0.5328666 0.5013952
RAYONIER-MILL-DB-03-BI Dungeness Bay 10/2/2006 DB-01-C Total Dioxin TEQ ng/kg 1.06150125 1.057774
RAYONIER-MILL-DB-04-BI Dungeness Bay 10/2/2006 DB-04-C Total Dioxin TEQ ng/kg 0.26646012 0.2532046
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-01-C Total Dioxin TEQ ng/kg 0.512325715 0.47407
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-02-C Total Dioxin TEQ ng/kg 0.265965185 0.22251
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-03-C Total Dioxin TEQ ng/kg 0.6051414 0.57405
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-04-C Total Dioxin TEQ ng/kg 0.2056532 0.1099751
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-05-C Total Dioxin TEQ ng/kg 0.261853605 0.1416
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-06-C Total Dioxin TEQ ng/kg 0.182099295 0.085
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-07-C Total Dioxin TEQ ng/kg 0.4004299 0.3823565
RAYONIER-MILL-FB-01-BI Dungeness Bay 10/2/2006 FB-08-C Total Dioxin TEQ ng/kg 0.21383405 0.1182518
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCBA Total Dioxin TEQ ng/kg 0.5742511 0.3024
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCBB Total Dioxin TEQ ng/kg 0.44139885 0.2020377
RAYONR05-FBDC Freshwater Bay 9/3/2002 FB1DCBC Total Dioxin TEQ ng/kg 0.7063359 0.6341159
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Table G-12 - Background Data for Arsenic in Clams

Clam Tissue Sediment - Co-located

Sample
Arsenic total
(mg/kg ww)

Arsenic, 
inorganic 

(mg/kg ww) Qualifier Sample
Arsenic total
(mg/kg dw)

BI-C-T1 2.55 0.074 J BI-C-S1 1.39
BI-C-T2 2.83 0.085 J BI-C-S2 1.58
BI-C-T3 1.7 0.069 J BI-C-S3 1.61
BI-C-T4 2.31 0.446 J BI-C-S4 1.63
BI-C-T5 2.35 0.044 J BI-C-S5 1.6
BI-C-T6 1.89 0.331 J BI-C-S6 1.53

Minimum 1.7
Maximum 2.83

Mean 2.27 0.17 1.56
90th Percentile of Data 2.69 0.39 1.62

Standard deviation 0.416961229
Number of clams per composite sample = 20
Sample species: Clinocardium nuttallii

Macoma nasuta
Saxidomus giganteus
Tresus capax
Protothaca staminea

Location: Bainbridge Island; determined to be uninfluenced by the releases of arsenic from the ASARCO plume.
Taken from Table 4-31 of Windward (2005a).

Windward. 2005a. Lower Duwamish Waterway remedial investigation. Data report: Chemical analyses of 
benthic invertebrate and clam tissue samples and co-located sediment samples. Prepared for Lower 
Duwamish Waterway Group. Windward Environmental LLC, Seattle, WA.
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Table G-13 - Background Data for Arsenic in Crabs

Dungeness crab

Meat
Arsenic total 
(mg/kg ww)

Arsenic 
inorganic 

(mg/kg ww) Hepatopancreas
Arsenic total 
(mg/kg ww)

Arsenic 
inorganic 

(mg/kg ww)
BL-DC-EM-comp1 6.95 0.03 BL-DC-HP-comp1 7.66 0.34
BL-DC-EM-comp2 7.6 0.02 EP-DC-HP-comp1 13.1 0.08
BL-DC-EM-comp3 8.8 0.02
EP-DC-EM-comp1 7.31 0.01
EP-DC-EM-comp2 8.76 0.01
EP-DC-EM-comp3 10.9 0.01

Slender crab
BL-SC-EM-comp1 10.4 0.02 BL-SC-HP-comp1 8.2 0.27
BL-SC-EM-comp2 10.8 0.02 EP-SC-HP-comp1 2.6 0.08
BL-SC-EM-comp3 11.3 0.03
EP-SC-EM-comp1 7 0.02
EP-SC-EM-comp2 5.4 0.02
EP-SC-EM-comp3 5.6 0.04

Minimum 5.4 2.6
Maximum 11.3 13.1

Mean 8.4 7.9
90th Percentile of Data 10.9 11.6

Standard deviation 2.1 4.3

Dungeness crab data from Table A1-16 (Windward 2005b)
Slender crab data from Table A1-17 (Windward 2005b)
BL = Blake Island
EP = East Passage, potentially influenced by ASARCO

Windward. 2005b. Lower Duwamish Waterway remedial investigation. Data report: Fish and crab tissue collection and 
chemical analyses. Prepared for Lower Duwamish Waterway Group. Windward Environmental LLC, Seattle, WA.
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Table G-14 - Comparison of Port Gamble Bay and Reference Dioxin TEQ Concentrations in Crabs

Reference Crab 
Tissue (Muscle)

Reference Crab 
Tissue (Hepato)

Port Gamble Crab Tissue
(Composite Muscle)

Port Gamble Crab 
Tissue

(Composite Hepato)
Raw Statistics

Number of Samples 23 23 1 1
Minimum 0.0273 0.182 -- --
Maximum 1.349 1.434 -- --

Mean 0.219 0.515 0.370 0.94
Median 0.051 0.4 -- --

Standard Deviation 0.345 0.346 -- --
ProUCL Statistics

Normal -- -- -- --
Lognormal -- 0.94a -- --

Gamma -- 0.951 -- --
Nonparametric 0.373 1.00 -- --

Values for non-detected congeners were set at 1/2 detection limits
a - Lognormal distribution used to calculate reference crab 90th percentile.

90th Percentile of Data
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Table G-15 - Comparison of Port Gamble Bay and Reference Arsenic Concentrations in Clams

Port Gamble Bay Referencea

Raw Statistics
Number of Samples (discrete) 20 6

Minimum 1 (U) 1.7
Maximum 3 2.83

Mean 1.3 2.27
Standard Deviation 0.86 0.42

ProUCL Statistics 95% UCL of Mean 90th Percentile of Data
Normal -- 2.81b

Lognormal -- 2.85
Gamma -- 2.99

Nonparametric 1.77 2.69

a - Clam composite samples made of 20 organisms of mixed species
Sample species: Clinocardium nuttallii

Macoma nasuta
Saxidomus giganteus
Tresus capax
Protothaca staminea

Locations for reference clam collection were determined to be uninfluenced by the ASARCO plume.
From Table 4-31 of Windward (2005a).
b - Normal distribution used to calculate reference 90th percentile. 

Arsenic (total) in Clams (mg/kg ww)
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Table G-16 - Comparison of Port Gamble Bay and Reference Arsenic Concentrations in Crabs

Reference Crab 
Tissue (Muscle)

Reference Crab 
Tissue (Hepato)

Port Gamble Crab Tissue
(Composite Muscle)

Port Gamble Crab 
Tissue

(Composite Hepato)
Raw Statistics

Number of Samples 12 4 1 1
Minimum 5.4 2.6 -- --
Maximum 11.3 13.1 -- --

Mean 8.4 7.9 7 4
Standard Deviation 2.07 4.29 -- --

90th Percentile of Data 10.9 11.6 -- --

Values for non-detected congeners were set at 1/2 detection limits

90th Percentile of Data
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Table G-17 - Preliminary Sediment Cleanup Screening Concentrations

Chemical of Concern
Maximum Port Gamble 
Sediment Concentration

Risk-based 
Concentrationa

Local Puget Sound 
Background

Estimated Practical 
Quantitation Limit

Arsenic (carcinogenic) 20 U mg/kg 0.482 mg/kg 10.9 mg/kg 0.5 mg/kg (Method 6020)
Cadmium 2 mg/kg 73.5 mg/kg 1.1 mg/kgb 0.5 mg/kg (Method 6020)

CPAH 60 ug/kg TEQ 95 ug/kg TEQ 6.04 ug/kg TEQb 5 ug/kg for each analyte

Bold indicates selected cleanup level
a - Risk based concentration for direct contact
b - Cleanup level based on shellfish ingestion
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