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Figure 2-4.  North Inlet of Budd Inlet 
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3.0 Field Sampling Summary – Methods 

This section provides a summary of the sampling design and field sampling methods used in 
support of the Budd Inlet Sediment Characterization Study.  The field program included 
sampling at Capitol Lake to evaluate the quality of the lake surface sediments (Section 3.1.2).  
Detailed sampling and analysis procedures for this program are documented in the Sampling and 
Analysis Plan (SAIC 2007b). 

3.1 Sample Design 

The sample design for dioxin/furan testing in the Budd Inlet project area was guided by the 
literature review and data gaps identification for Budd Inlet (SAIC 2007a) and was intended to 
supplement and expand upon existing environmental studies (Section 2.3).   

3.1.1 Budd Inlet 

Sampling included surface and subsurface sediment sample collection to characterize the vertical 
and spatial distribution of dioxin/furan contamination, and it included the collection of tissue 
samples to evaluate the uptake of dioxins/furans in ecological receptors.  The first phase of 
chemical analysis included a total of 64 sediment samples and 15 tissues samples.  Following a 
preliminary data review of the first phase, several archived samples (30 sediment and 28 tissue 
samples) were analyzed to better delineate the extent of dioxin/furan contamination in the inlet. 

Sediment Chemical Characterization 

Sediment samples were collected from the surface (0–10 cm) and subsurface (core samples) to 
delineate the vertical and spatial distribution of dioxins/furans throughout Budd Inlet.  Sediment 
samples were also analyzed for the SMS chemicals of concern in areas of potential sources or 
where historical contamination was reported.  A summary of all samples collected is provided in 
Table 3-1. 

A total of 18 coring locations and 38 surface sediment grab locations were sampled in the Budd 
Inlet project area (Figures 3-1 and 3-2).  Geographic coordinates for all sampling locations are 
provided in Appendix A.  Of the 38 surface sediment samples collected, 31 were analyzed for 
dioxin/furan congeners and sediment conventional parameters (grain size, total organic carbon, 
total solids, total volatile solids).  Fifteen of these samples were analyzed for the SMS chemical 
parameters.  In addition, four intertidal sediment samples (from three locations) were collected 
and analyzed.  These intertidal sediment samples were co-located with tissue samples. 

Sediment cores were collected to a depth of 10 feet and were processed at 1-foot intervals for a 
maximum of 10 samples per core.  Due to access constraints beneath the Port of Olympia pier 
facilities, three core locations under the pier (C3, C4, and C5) were collected to a depth of 7 feet.  
Two to six intervals per core were selected for analysis of dioxin/furan congeners after 
consultation with Ecology.  The surface interval (0–1 foot) was archived for all cores, with the 
exception of cores C3 and C4 (under-pier core locations).  Surface grab samples (0–10 cm) were 
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collected at all remaining core sampling locations to maintain a consistent depth interval for all 
surface sediment chemistry results.  However, it should be noted that the surface grab samples 
were collected on a different date and may not be from the exact locations of the core samples 
(Appendix A).  All samples were collected within 50 feet of the target sampling coordinates. 

Forty-three core intervals were analyzed for dioxin/furan congeners and conventionals.  Four 
core intervals were analyzed for the SMS chemical parameters.  Of the surface grab samples at 
the coring locations, 15 were analyzed for dioxin/furan congeners and conventionals and eight 
were analyzed for the SMS chemical parameters.  The analytical chemistry results are presented 
in Appendix B.  All remaining surface and core samples were archived for potential future 
analysis.   

Three cores were collected to determine sedimentation rate and surface mixed layer (Figure 3-1).  
A total of 31 samples from each of three cores were analyzed.  The analysis for each core 
included five samples for beryllium-7 (Be-7) analysis, 16 samples for lead-210 (Pb-210) 
analysis, and ten samples for cesium-137 (Cs-137) analysis. 

Tissue Chemistry 

Ecological receptors (i.e., fish and benthic organisms) targeted for collection and dioxin/furan 
congener analysis included starry flounder (Platichthys stellatus), which was the most abundant 
flat fish observed in Budd Inlet, English sole (Parophrys vetula), littleneck clam (Protothaca 
staminea), manila clam (Venerupis philippinarum), bent nose clam (Macoma nasuta), and ghost 
shrimp (Neotrypaea californiensis) (Table 3-1).  Starry flounder and English sole were collected 
for tissue analysis using an Otter trawl.  Trawling was conducted in three areas of Budd Inlet: the 
inner part of the inlet (Set 1), the northern end of the navigation channel (Set 2), and the North 
Inlet (Set 3) (Figures 3-3 and 3-4). 

Littleneck, manila, bent nose clams, and ghost shrimp were collected by hand for tissue residue 
analysis.  Littleneck and manila clams were combined for analysis purposes. Triplicate samples 
were collected at two locations for littleneck/manila clams, three for ghost shrimp, and four for 
bent nose clams (Table 3-1).  Co-located sediment samples were collected at each intertidal 
tissue sampling location. 

3.1.2 Capitol Lake 

Surface sediment samples were collected in Capitol Lake to determine the chemical character of 
sediments that could be transported into Budd Inlet if the estuary restoration plan for Budd Inlet 
(i.e., dam removal) is implemented (Figure 3-1).  A total of six surface grab samples (three in the 
North Basin, three in the Middle Basin) were collected in areas of expected erosion as identified 
in Scenario A (dam removal only) of the Deschutes River Estuary Feasibility Study (USGS 
2006).  Two samples were analyzed for dioxin/furan congeners and conventional parameters, and 
one sample was analyzed for the SMS chemicals of concern (Table 3-1).  The remaining samples 
were archived for future analyses.  Geographic coordinates for the Capitol Lake surface sediment 
samples are provided in Appendix A. 
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Table 3-1.  Summary of Samples Collected and Analyzed 
Parameter Samples Collected Samples Analyzed 
Budd Inlet 
Core Samples for Analytical Chemistry (18 Cores – 10 Samples per Core, 7 samples for C3, C4, C5) 
Dioxin/Furan Congeners  171 43 
Metals 171 4 
SVOCs 171 4 
PCB Aroclors® 171 4 
Conventionals (Total Solids, Total Volatile Solids, Total Organic Carbon, 
and Grain Size) 171 43 

Surface Grab Samples (0–10 cm, 38 Stations + 18 surface grabs at core locations) 
Dioxin/Furan Congeners  56 46 
Metals 56 17 
SVOCs 56 21 
Butyltins 56 4 
PCB Aroclors® 56 21 
Conventionals (Total Solids, Total Volatile Solids, Total Organic Carbon, 
and Grain Size) 56 46 

Intertidal Beach Samples (0–10 cm, 4 Stations)  
Dioxin/Furan Congeners  4 4 
Metals 4 4 
SVOCs 4 4 
PCB Aroclors® 4 4 
Conventionals (Total Solids, Total Volatile Solids, Total Organic Carbon, 
and Grain Size) 4 4 

Sedimentation Core Samples (3 Cores) 
Sedimentation Rate/Mixed Layer Analysis 3 3 
Tissue Samples 
Starry Flounder (Dioxin/Furan Congeners, % Lipids, % Moisture) 13 13 
English Sole (Dioxin/Furan Congeners, % Lipids, % Moisture) 3 3 
Ghost Shrimp (Dioxin/Furan Congeners, % Lipids, % Moisture) 9 9 
Littleneck and Manila Clams (Dioxin/Furan Congeners, % Lipids, % 
Moisture) 19 18 

Capitol Lake 
Surface Grab Samples (0–10 cm, 6 Stations) 
Dioxin/Furan Congeners 6 2 
Metals 6 1 
SVOCs 6 1 
PCB Aroclors® 6 1 
Conventionals (Total Solids, Total Volatile Solids, Total Organic Carbon, 
and Grain Size) 6 2 

  

3.2 Navigation and Station Positioning 

Vessel navigation and station positioning were accomplished using a differential global 
positioning system (DGPS) integrated with a computerized navigation system.  A U.S. Coast 
Guard differential correction signal was used to obtain a minimum positional accuracy of ± 3 
meters.  The R/V Kittiwake, owned and operated by Bio-Marine Enterprises, was used for the 




