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Brightwater Marine Outfall — A Geoduck Siting Survey

EXECUTIVE SUMMARY

King County plans to construct a new wastewater treatment system that would discharge
effluent through a new outfall into Puget Sound waters offshore of northern King or
southern Snohomish County. King County is conducting a marine outfall siting study
(MOSS) for the proposed marine outfall and is preparing the draft Environmental Impact
Statement (EIS) for the Brightwater Regional Wastewater Treatment System, which
includes the plant, conveyance pipelines and outfall. Existing marine resources,
including commercially important geoduck clams (Panope abrupta), are important
factors in the site selection process.

King County conducted a geoduck survey to supplement existing biological resource
information in the vicinity of proposed outfall sites (e.g., King County 2001d, Woodruff
etal. 2001). The results of this study will be used to assist in the analysis of outfall sites.

A study plan was prepared and reviewed by Washington Department of Fish and
Wildlife (WDFW) and Native American tribes. Population density, show factor, and
biomass estimation methodology followed guidelines established by WDFW with
modifications for site-specific conditions. Included in this plan were 29 grid lines, 2
show factor plots, habitat documentation, biomass, and commercial quality estimation of
collected geoducks.

The quantitative survey was conducted along 11.3 kilometers (7 miles) of shoreline from
north of Edmondsto south of Point Wells. The study area extended from 21.3 meters (m)
(70 feet [ft]) below mean lower low water (- 21.3 m MLLW) up to the lower edge of the
intertidal zone.

The geoduck survey was conducted from April 8, 2002 to May 10, 2002. A total of 92
scuba dives were logged in 17 working days. Approximately 5,989 m (19,650 ft) of grid
lines were examined by scuba diving within the study area. During the examination of
each strip transect, geoducks were enumerated and other shellfish species, sediment type
and other habitat characteristics, and associated biota were noted. In addition to
geoducks, attention was paid to Tresus sp. (gaper clams), rockfish species (Sebastes sp.),
and crabs including Dungeness (Cancer magister), graceful (C. gracilis), and red rock (C.
productus) crabs. The lower edge of eelgrass (Zostera marina) beds, macroalgae
assemblages, and substrates was also noted. Geographic coordinates of bed boundaries
on each line were recorded for Geographic Information System (GIS) mapping.

Differences in habitat characteristics were noted; the predominant habitat is a sandy or
mixed substrate type with little macroalgae. Three divisions or sub-areas based on habitat
characteristics within the study area were found as follows:

» North of the Edmonds Ferry Terminal
» Between the Edmonds Ferry Terminal and Point Edwards
» Point Edwards to the Southern Boundary of the Study Area, including Point Wells
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The lower edge of eelgrass throughout the study area is approximately - 5.6 m (18 ft)
MLLW). The exception to this was on Line 12, which is in conceptual zone 6. Here the
lower edge of a relatively dense bed was between 0 and —0.3 m (1 ft) MLLW.

An average geoduck show factor of 0.83 was calculated from the two show factor plots.
Mean geoduck density in the study area was 0.84 geoducks per square meter (0.08 per
square foot). Mean geoduck weight and biomass in the study area was 1.06 kilograms
(2.34 pounds) per geoduck and 8,920 kilograms per hectare (8,154 pounds per acre).

Statistical analysis did not indicate that geographic divisions within the study area are
significantly different in geoduck population density, but are different in individual
geoduck weight. Geoduck population density was also significantly different by depth
zone with the densest populations in the greater depths. Individual geoduck weight was
also significantly different with the heavier geoducks found in shallower water.
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1.0

INTRODUCTION

In November 1999, the Metropolitan King County Council approved the
Regional Wastewater Services Plan to upgrade King County’s existing
wastewater system (King County Ordinance 13680, Nov. 23, 1999). Included
in this plan is the construction of a new regional wastewater treatment plant
(WWTP) in either northern King or southern Snohomish County. The new
treatment plant will have a marine outfall to discharge treated effluent to Puget
Sound in either northern King or southern Snohomish County.

Using King County Council-adopted policy siting criteria the County
conducted two phases of outfall site analysis in 2000 and 2001. These policy
siting criteria were used to identify suitable locations for the outfall and
diffuser in northern King and southern Snohomish counties. At the conclusion
of the second phase of outfall site selection, the King County Council
Accepted four candidate marine outfall zones, 5, 6, 7N, and 7S, for further
analysis and review (King County Ordinance 14278, Dec. 13, 2001; Figure 1).
Each zone contains one potential diffuser site with the exception of Zone 78S,
which contains two. Reports produced from the siting studies should be
consulted for complete details of the Phase 1 and Phase 2 outfall site selection
process to date (King County 2001a, b, and c).

The outfall study area includes a variety of biological habitats and
communities. Eelgrass meadows (Zostera sp.) are prevalent (King County
2001d, Woodruff et al. 2001). Geoduck beds are ubiquitous in and below the
nearshore area (KCDNR 2000, Sizemore and Ulrich 2001), which has been
defined by the King County Nearshore Technical Committee (Williams et al.
2001).

The Washington Departments of Fish and Wildlife (WDFW), Natural
Resources (WDNR), and Health and local Native American tribes have
management and public use responsibilities for geoduck (Panopea abrupta)
resources in the vicinity of the candidate outfall zones. Geoducks and other
commercially important clams may potentially be impacted directly by
construction or by the release of wastewater from the outfall.

As part of King County’s site selection process, documentation of existing
marine resources is necessary. This is particularly important in the case of the
commercially important geoducks and ecologically sensitive habitats.
Eelgrass beds were documented and mapped by KCDNR (KCDNR 2000,
Woodruff et al. 2001, King County 2001d). King County initiated a geoduck
resource study in spring 2002 to supplement and update existing information
in the vicinity of the candidate outfall zones.

This geoduck study includes the following components:

November 2002
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* A quantitative delineation of geoduck resources.

» Documentation of the presence and relative abundance of associated biota
including commercially important crabs and clams, and sensitive rockfish
populations.

» Confirmation of the distribution of eelgrass (Zostera sp.) in the study area.

Within this report, all measurements are presented in SI units (metric) with the
English equivalent in parentheses. Additionally, coordinates for all positions
in this report are listed as latitude and longitude (Datum is NADS83) and
Washington State Plane (NADS83, Zone North 4601).

Novemberr 2002 Technical Memorandum - A Geoduck Survey -2
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2.0 METHODS

2.1

2.2

Study Area

The study area for the geoduck survey extends along approximately 11.3 kilometers (km)
(7 miles [mi]) of shoreline. Coordinates for the boundaries of the study area are listed
below.

 North
— 47°49.776’N Latitude, 122°22.224°W Longitude

— Northing 93385.6 meters (m) (306382 feet [ft]), Easting 384931.5 m
(1262896 ft)

* South
— 47°46.314° N Latitude, 122°23.912°W Longitude
— Northing 90719.5 m (297635 ft), Easting 382770.5 m (1255806 ft)

This area encompasses the four candidate outfall zones designated by King County Council
as possible locations for placement of the outfall (Figure 1). The areas between each zone
and 0.8 km (0.5 mi) to the north of Zone 5 and south of Zone 7S within the same depth
limits are also included in the study area (Figure 1).

The geoduck survey was conducted in the subtidal zone within the study area between
approximately 1.2 m (4 ft) below mean lower low water (-1.2 m [4 ft] MLLW) and — 21.3
m (70 ft) MLLW. The lower boundary was chosen because WDFW and WDNR allow and
manage commercial geoduck harvesting down to, but not below this depth. The upper limit
for this survey was selected because of past direction from WDFW to environmental
consultants that are conducting geoduck surveys. WDFW generally requests that all
consultant surveys extend up to the intertidal zone because of interest by local Native
American tribes (e.g., Tulalip Tribes) in geoduck and gaper clam resources between the
intertidal zone and - 5.5 m (18 ft) MLLW.

Population Density Estimation

The study design for the MOSS geoduck survey was based on WDFW protocols for
geoduck surveys as described in “Stock Assessment of Subtidal Geoduck Clams (Panopea
abrupta) in Washington” (Bradbury et al. 2000). Other sources of sampling design were
available including advice from the Tulalip Tribes (McHugh 2002a) and various references
on scientific sampling (e.g., Baker and Wolff 1987, Green 1979, Gunderson 1993). The
WDFW methodology was chosen over other sampling designs because of the following:

» Need for comparability to historical surveys by WDFW, Tribes, and consultants using
the WDFW methodology.

» The general use of the WDFW methods by WDFW, WDNR, and Tribal shellfish
biologists throughout the region.

» Need for standardized methodology to allow future use of this survey as a baseline for
future impact evaluation, monitoring, and/or management studies.
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«  WDFW and WDNR as regulatory agencies would likely be reviewing and applying the
survey results for management purposes.

The WDFW sampling methods were only modified to meet specific requirements of this
survey and for personnel safety. Modifications are noted in the following description of
survey methods. WDFW was consulted during the preparation of the sampling plan to
ensure comparability and compatibility with WDFW geoduck survey protocols (Sizemore
2002a, b, and c). This sampling plan was reviewed and approved by WDFW (Sizemore
2002b). The WDFW approved sampling plan with comments by Sizemore (2002b) and
McHugh (2002) is found in Appendix C of this report.

2.2.1 Geoduck Population Survey

As in WDFW geoduck surveys, the primary sampling unit for the MOSS geoduck survey
was “grid lines™" (line) that were established along the shoreline every 305 m (1,000 ft)
using a geographic — referenced geographic information system (GIS) map of the study
area. The upper and lower positions of each line (— 24.4 m (80 ft) MLLW) were initially
obtained from this map. A total of 26 lines were placed perpendicular to the shoreline from
north boundary to the south edge of the study area (Figure 2).

Along each line, a series of “strip transects™ (herein after referred to as transects), the
secondary sampling unit in WDFW methodology, were examined by scuba divers for
geoducks and associated species. Each transect was 1.8 m (6 ft) wide and 45.7 m (150 ft)
long covering 83.6 square meters (m?) (900 square feet [{t?]).

In addition to the lines placed at 305-m (1,000 — foot) intervals along the shore, conceptual
pipeline alignments were examined in three of the four candidate outfall zones. These
conceptual alignments represent possible outfall pipeline corridors, based on present
knowledge of the bathymetry within the zones and possible terminus of the Brightwater
conveyance system.

A precision underwater positioning system known as “AquaMap™”’ (Desert Star Systems)
was employed during the examination of the conceptual alignments. Using the AquaMap™
system allowed the survey divers to follow a specified alignment with minimal (0.3 m or 1
ft) horizontal error. AquaMap™ was used only on the conceptual alignments in Zones 6,
7N, and 7S (Figure 2) because of the need to maintain precision in diver positioning on the
alignments.

Two qualified geoduck survey biologists using scuba equipment, a fiberglass survey tape,
and 0.9 m (3 ft) wide “t — bars” examined consecutive transects along each line (Figure 3).
Each diver examined an area 0.9 m (3 ft) wide and 45.7 m (150 ft) long. Two divers
swimming independently but parallel and together has been used in prior surveys with

' “Grid line — The primary sampling unit in geoduck surveys, along which a series of 900 ft strip transects is
aligned; usually run perpendicular to shore.” ((Bradbury et al. 2000: page v, Glossary).

2 “Transect — The secondary sampling unit for geoduck density. In this report, [sic] a standard strip transect 150 ft
long by six [sic] ft wide (=900 ft*) within which divers count all geoducks which are ‘showing.” *“ (Bradbury et al.
2000: page vii, Glossary).
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WDFW approval (e.g., Kyte 1997, 1999). In addition, this method was employed
successfully with shellfish biologists from the Tulalip Tribes in 2001°.

During the survey, the position of the — 21.3-m (70-foot) contour on each line (deep end)
was located using a Global Positioning System (GPS) receiver with a resolution of
approximately 3 m (10 ft) to 4.5 m (15 ft). A marker buoy was placed on the — 21.3-m (70-
foot) contour and was used by the divers to descend to the starting position. The divers
then followed a compass course towards the line’s inshore terminus (shallow end)”.
Following the direction of WDFW, a random distance of 0 to 3 m (10 ft) between the buoy
anchor and the start of the first transect was used to introduce a random element into the
sampling (Sizemore 2002b).

Geoduck surveys along each line were terminated at the first encounter of rooted eelgrass’
or at—1.2 m (4 ft) MLLW. A buoy was placed at the shallow end of the line and
coordinates of this location were recorded from the GPS receiver.

Along each line, sediment types and associated biota were noted. In addition to geoducks,
attention was paid to Tresus sp. (gaper clams) (Figure 4), rockfish species (Sebastes sp.),
and commercially harvestable crabs including Dungeness (Cancer magister) (Figure 5),
graceful (C. gracilis), and red rock (C. productus) crabs. The lower edge of eelgrass beds,
the presence of macroalgae assemblages, and substrates were also noted.

2.2.2 Show Factor Study

A study was conducted to determine a season and site-specific show factor. The show
factor is the proportion of a geoduck population that can be counted visually at any one
time. Determination of a site and time specific show factor allows the counts of geoduck
siphons or “shows” in each transect to be adjusted to reflect true abundance by using the
following formula (Bradbury et al. 2000).

Formula 1: Show Factor =S = n/N
n = the number of visible geoduck shows recorded on the first survey of the “show plot”°
N the sum of all shows counted in the show plot

Due to the size of the survey area two show factors were estimated, one near each end of
the survey area, (Figure 2) (geographic coordinates are present in Table 3 of Appendix A).
The 83.6 m? (900 ft*) show plots were placed between — 12.1 m (40 ft) and —15.2 m (50 ft)
MLLW and marked to allow re-examination of the same area. A GPS receiver was used to

3 WDFW geoduck surveys are conducted using a solid 1.8 m (6-foot) rod with a line reel in the center. Two
divers swim together, each holding the pole and counting geoduck shows. The method used for the MOSS study
was adopted to provide greater flexibility and safety for the divers.

* WDFW geoduck surveys are conducted from the shallow end of each grid line into deeper water. This practice
does not achieve optimum safety for the survey divers. Thus, divers in this survey traveled from deep to shallow
to minimize exposure to greater depths.

> Clam harvesting in eelgrass or within 0.6 vertical m (2 ft) of the lower edge of a bed is prohibited by the State of
Washington. In addition, geoduck relative density in eelgrass is usually low. Thus, assessments within eelgrass
beds are not usually conducted.

6 “Show plot — Permanently-marked subtidal areas in which the absolute number of harvestable geoducks is
known from repeated tagging; show plots are used to estimate geoduck show factors.” (Bradbury et al. 2000, page
vi, Glossary).
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return to the show plots. The total number of harvestable (i.e., countable) geoducks was

determined by repeated counts and tagging of observed geoducks until no additional new
shows were found during a standard examination (Figure 6). The show factor study was

completed within seven days and the average show factor was used to adjust all geoduck
siphon counts.

2.2.3 Biomass Estimation

2.3

2.4

In addition to population density, information was obtained on the biomass of geoducks
within the study area. Geoducks were collected and weighed following WDFW methods
(Bradbury et al. 2000, Sizemore 2002c¢) after completing the geoduck population survey.
Transects with an adjusted density of 0.4 geoducks/m? (0.04/ft?) or greater were selected for
geoduck sampling. This is the threshold density used for biomass sampling and
commercial harvesting as set by WDFW (Bradbury et al. 2000). In addition, experience
with finding and digging geoducks gained on this survey and previous studies (e.g., Kyte
1997, 1999) demonstrated that in areas with densities less than this threshold too much time
is required for the diver to locate geoducks for sampling.

Eligible transects were numbered, and one was chosen randomly to serve as a starting
point. From this point, every sixth eligible transect was selected for sampling according to
WDFW protocols (Bradbury et al. 2000, Sizemore 2002¢). This procedure ensured that
sample points were spread throughout the study area.

A series of cluster samples, consisting of five geoducks each, were collected using a water
jet from selected transects. The first five geoducks encountered by the sampling diver in
each selected transect were collected. Geoducks were weighed, measured, and
photographed on the dock (Figures 7 and 8). Weight was estimated as an average live wet
weight, including shell, of an individual geoduck. In addition to weight, the right shell of
each geoduck was measured for correlating weight and length (Figure 9).

Geoducks cannot be returned to their habitat with a reasonable chance of survival. In
addition, it was necessary to prevent the collected specimens from entering the public
market because the study area has not been certified for harvesting. Thus, all collected
geoducks were donated to the Seattle Aquarium.

Grading

In response to a request from the Tulalip Tribes (McHugh 2002a), photographs were taken
of the geoducks obtained for biomass. These photographs were submitted to the Tulalip
Tribes for grading of the sampled geoducks. McHugh (2002b) describes the details of the
grading methods in Appendix B.

Calculations

The formulas used to calculate density, biomass, and estimate precision were obtained from
WDFW protocols (Bradbury et al. 2000) are as follows:
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Formula 2: Density of Geoducks in ith quadrat = d; = dys/S
des=  density of observed geoducks on a transect (number per unit area)
S= show factor

Formula 3: Overall Density of Geoducks = D =% d/np
nD = number of transects surveyed

Formula 4: Variance of the mean density = &p =np X d;* - (d;)*/ np (np— 1)
Formula 5: Standard error of the density = SEp =V &p /np
Formula 6: Coefficient of variance for the estimated density = CVp=SEp /D

Formula 7: 95 % Confidence interval for the estimated density =CIp =D +tx SEp
t= 1.96 for a =0.05, a factor based on the degrees of freedom, which equal n— 1 (Elliott 1971).

Formula 8: Estimated mean weight per geoduck = W = Zw,/nw
wi = weight of the ith geoduck from collected samples
nW = sample number for weight

Formula 9: Variance of the mean weight per geoduck =d2W =nW Z wi2 -
(Zwi) 2/ nW (nW — 1)

Formula 10:  Standard error of the weight estimate = SEW =V W /nW
Formula 11:  Coefficient of variance for the estimated weight = CVW = SEW / W

Formula 12: 95 % Confidence interval for the estimated weight = CIW =W +t x SEW
t= 1.96 for a = 0.05, a factor based on the degrees of freedom, which equal n — 1 (Elliott 1971).

Formula 13:  Biomass estimate = B = (D)(W)

In order to use the above formulas from WDFW (Bradbury et al. 2000), it must be assumed
that data on geoduck population counts and weight determinations are normally distributed.
In addition, parametric statistical tests were applied to these data to determine significant
differences within the study area.

November 2002
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3.0 RESULTS AND DISCUSSION

3.1.

3.2.

3.3.

Existing Information

The WDFW Geoduck Atlas for 2002 (Sizemore and Ulrich 2002) list and describes two
geoduck tracts (06000 and 06100) in the study area. Both were surveyed by WDFW, with
the most recent surveys in 1980 on tract 06000 north of Edmonds. The two tracts are
designated by WDFW as not available for harvest because of water quality concerns
(Sizemore and Ulrich 2002).

Pentec Environmental (1995) conducted a reconnaissance survey of marine resources along
the Edmonds shoreline in preparation for relocation of the Edmonds Ferry terminal.
Eelgrass and macroalgae beds with Dungeness crab, geoduck, and hardshell clam
populations were documented within the study area.

The KCDNR MOSS conducted initial surveys in and around the study area (KCDNR 2000,
Woodruff et al. 2001, King County 2001d).

Schedule

WDFW guidelines specify that geoduck surveys must be conducted between March 1 and
October 15 (Bradbury et al. 2000). Geoducks cannot be accurately counted outside this
period, as they are dormant. As a result of their dormancy, geoducks do not show and
cannot be counted reliably resulting in show factors that are too low (i.e., less than 0.5)
(Bradbury et al. 2000, Goodwin 1977, Sizemore 2002b). The geoduck survey was initially
started on March 5, 2002. However, because of a low (0.48) show factor, erratic showing
behavior, and unfavorable weather, the survey was postponed until April 8, 2002. The
survey with show factor and biomass studies required 17 working days and was conducted
between April 8 and May 10, 2002. During the survey, a total of 92 scuba dives and 83.7
diver-hours underwater were logged.

Grid Line and Alignment Characteristics

Geographic coordinates (latitude, longitude, and Washington State Plane) of the offshore
and inshore ends and intermediate points of the lines and conceptual alignments are
presented in Table 1 of Appendix A. Depths and lengths examined are also in Appendix A.
A total of 26 lines containing 140 transect, 3 conceptual alignments, and 2 show plots were
examined in this study. Line and alignment cumulative total length was 5,989 m (19,650
ft).
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Table 1
Summary of Substrate Observations with the Lower Edge of Eelgrass
in the MOSS Geoduck Study Area

Eelgrass Lower Edge
(MLLW)
Grid Line or Conceptual
Alignment Meters Feet Dominant Substrate Type
1 7.9 26 sandy
2 3.0 10 fine sand to gravelly sand
3 4.0 13 fine sand, silty sand, to gravelly sand and cobble
4 7.3 24 fine sand
5 55 18 fine sand to silty sand
6 ND ND silty sand to coarse silty sand and gravel
7 ND ND sandy
8 6.4 21 fine sand to silty sand
9 7.9 26 silty sand, old outfall and phone cable
10 NP NP steep silty sand to gravelly sand slope and riprap
11 NP NP fine sand, cobble, shell debris to gravel and riprap
12 0.3 1 steep gravel and sand slope to sand flat
firm gravel and sand to gravel and cobble with shel
13 0to 0.3 0 to -1 debris
14 55 18 coarse sand, gravel to fine sand
15 3.4 11 sandy
16 7.3 24 sandy
17 5.6 19 sandy
18 6.7 22 fine sand to silty sand
19 6.4 21 sandy
20 6.1 20 sandy
gravelly sandy to mixed coarse gravel, cobble, san
21 6.1 20 to silty sand
22 3.7 12 fine sand and shell debris
23 7.9 26 coarse sand
24 ND ND sandy
25 6.1 20 sandy
26 7.0 23 sandy
Alignment 6 0t0 0.3 Oto-1 gravel and silty sand to sand and gravel
Alignment 7 N 5.2 17 sandy
Alignment 7 S 3.7 12 gravelly sand
Show Plot N ND ND sand mixed with pea gravel
Show Plot S ND ND sandy
Average Depth of Eelgrass 5.6 18.4

ND = not determined

NP = not present
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3.4.

Sediment and Habitat Types

The predominant sediment type throughout the study area was sand (Figure 3) often with
gravel of varying sizes (Figures 4, 5, and 6). The sand varied from silty sand to coarse
sand. Other incidental substrate included cobble, shell debris, riprap, logs, and
anthropogenic debris (Table 1). According to the WDNR habitat classification system for
Puget Sound, the dominant habitat type above —15 m (49 ft) MLLW is “Estuarine Subtidal
Sand: Open, Shallow” and below —15 m (49 ft) MLLW is “Estuarine Subtidal Sand: Open,
Deep” (Dethier 1990). Where gravel and other larger particle sizes is prevalent, the habitat
type is mixed-fine or mixed-coarse depending on the amount of silt and clay present.

As documented by Woodruff et al. (2001) and King County (2001d), several sections of
shoreline support eelgrass beds. The average lower edge of eelgrass is approximately —5.6
m (18.4 ft) MLLW. Table 1 shows the lower depth where eelgrass was encountered on
each grid line. An exception to this eelgrass distribution occurs on Line 12 and Alignment
6. Here, eelgrass is present in a relatively dense bed at the upper edge of a broad intertidal
flat. The eelgrass bed is on the north side of the existing Unocal pier and extends to the
north. This eelgrass bed was not noted in previous King County surveys because its
shallow depth renders it inaccessible to the survey methods used in the surveys.

Geographic features, urban development, and natural shoreline characteristics defined three
distinct sub areas within the study area as follows:

A. Edmonds Ferry Terminal north to the study area boundary
B. Edmonds Ferry Terminal to Point Edwards as marked by the existing Unocal pier
C. Point Edwards to the southern boundary of the study area including Point Wells

Within the three sub areas, a few individual lines and conceptual alignments were found to
have characteristics that distinguished them from the sub area in which they were located.
The candidate outfall zones were superimposed on the grid line and sub area maps (Figures
1 and 2). Observations on substrate and habitat characteristics for the sub areas and lines or
alignments are presented in the following sections and Table 1.

3.4.1. Sub Area A: North of the Ferry Terminal

Data from Lines 1 through 7 were used for calculation of geoduck population density and
biomass in Sub Area A.

The Edmonds Underwater Park, a marine protected area established by the City of
Edmonds, is located at the southern edge of the sub area adjacent to the ferry terminal.
Because power vessels are not allowed within the park because of potential danger to
recreational scuba divers using the park, the survey was stopped at the park boundary,
which was indicated by buoys on the surface and structures on the bottom. Thus, Lines 6
and 7 were terminated offshore of the upper limit of other transects (Table 1 in Appendix
A).
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This sub area and all transects within the area north of the ferry terminal were characterized
by broad relatively uniform sand flats. On Line 5, isolated large glacial erratic boulders
were encountered. These boulders offer substrate for encrusting organisms and are
colonized by anemones (e.g., Metridium sp.), moss animals (Bryozoa), barnacles (Balanus
sp.), and other taxa. In addition, a cabezon (Scorpaenichthys marmoratus - a demersal fish)
was seen using one of these boulders for egg deposition.

On other lines (e.g., 3, 6, and 7) patches of gravel or cobble mixed with sand (i.e., “mixed
coarse””) were encountered. These areas typically support red (Rhodophyta) foliose algae
with densities (i.e., percent cover) up to 100 percent.

Eelgrass (Zostera marina) was encountered on all transects in this area, except those
terminated at the outer edge of the Edmonds Underwater Park, at or below approximately —
5.4 m (18 ft) MLLW.

3.4.2. Sub Area B: Ferry Terminal to Point Edwards

Sub Area B includes Lines 8 through 13 and is characterized by a heavily modified and
urbanized shoreline and nearshore subtidal zone. The Washington State Ferry Edmonds
terminal and ferry approach lanes form the northern boundary of this sub area. The City of
Edmonds Marina and public fishing pier and the breakwater for the Edmonds Marina are
present on the shoreline within Sub Area B. These features necessitated modification of
some of the lines. For example, Line 8 (Figure 2) was angled to the south to avoid the ferry
approach lane.

A former Edmonds WWTP outfall, an artificial reef established by WDFW in 1977, and
the recreational Edmonds fishing pier at the north end of the marina are present on Line 9.
The presence of these features caused portions of the substrate to be unavailable to
SUrveyors.

The Edmonds Marina offshore breakwater is present on the inshore ends of Lines 10 and
11. Because of steep slopes and the presence of breakwater riprap, both lines consisted of
only one transect (Tables 1 and 4 in Appendix A). The substrate on both lines was gravely
sand with occasional riprap boulders that had moved down the slope from the toe of the
breakwater.

A marine terminal formerly occupied by Unocal is present on Edwards Point south of the
Edmonds Marina. There is a marine protected area established by the City of Edmonds
between the existing pier and the south end of the Edmonds Marina.

Line 12 was located in an area with a relatively steep sandy gravel slope that has an incline
of approximately 3:1 (vertical:horizontal). The gravel on this slope is mobile and was
observed to move down-slope with little disturbance. The top of the slope, the shallow ends
of the lines, was at the lower edge of the intertidal zone on a sand bar.

One reason for the relatively extreme slopes and large intertidal sand bar encountered on
Line 12 is that this area is at the terminus of a littoral processes drift cell (Schwartz and
Bronson 1984, Johannessen 1992). The shore-drift terminates against the Edmonds Marina
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breakwater and the sediment is redirected offshore and along-shore in the form of a large
sand bar whose offshore side forms the upper part of the steep slopes.

A relatively dense contiguous bed of eelgrass is present above the end of Line 12 and
candidate Alignment 6 at the base of the high tide berm. The approximate tidal level of the
eelgrass is between 0 and —0.3 m (1 ft) MLLW. Pentec (1995) also described the eelgrass
bed at this location.

Line 13 is located off the south side of the existing Unocal pier. Abundant anthropogenic
debris was encountered along this line in the form of large tractor tires used as fenders by

tugs and other vessels, logs, ballast rock, and other items. Eelgrass was not found on Line
13.

The slope on these transects was too steep and mobile to allow geoduck harvesting for
biomass samples. In addition, the substrate on Lines 10, 11, and 13 was too coarse to allow
harvesting.

3.4.3. Sub Area C: Point Edwards to the Southern Boundary of
the Study Area

Lines 14 through 26 and conceptual Alignments 7N and 7S are included in this sub area.
Conceptual Alignment 7N is located north of Point Wells and crosses an area of broad
intertidal sand flats. Conceptual Alignment 7S lies along the south side of Point Wells.

The Point Wells Chevron Asphalt Facility with a large pier is located on Point Wells.
Another pier is located on the north side of the point and shoreline armoring is present.

According to KCDNR (2000), the nearshore area between Point Edwards and Point Wells
contains a broad expanse of eelgrass and kelp beds. However, no kelp beds were seen
during the survey even though kelp was encountered in Sub Area A. Patchy eelgrass was
present at the inshore end of each line with the lower edge at approximately — 4.9 to 6.1 m

(16 to 20 ft).

Eelgrass was encountered on relatively steep slopes below the edge of the intertidal zone on
Lines 21 and 22 (Table 1). On Line 23, deposits of uprooted eelgrass were found in
shallow ravines leading offshore from the intertidal zone. Eelgrass was not found above
these ravines or at the upper end of the line. Patchy eelgrass was found well below the
intertidal zone on Lines 24 through 26 as shown in Table 1.

Lines in this sub area were generally characterized by moderately sloping sandy substrates
with broad intertidal sand flats. Gravel, erratic boulders, and other features were generally
absent from the subtidal zone except in specific areas. Line 21, on the north side of Point
Wells has gravely sand (mixed coarse) at the offshore end. This substrate grades into silty
sand. This substrate prevails to the toe of a steep sandy slope descending from the
intertidal zone. On the nearshore portion of this line, abundant anthropogenic debris was
found including sunken piling, logs, metal debris, and other materials. The remnants of the
offshore end one of the existing Point Wells piers were found on the inshore end of Line
21. These remnants consist of a cluster of piling (dolphin) and several sunken piles.

November 2002 Technical Memorandum - A Geoduck Survey -12



Brightwater Marine Outfall — A Geoduck Siting Survey

3.5.

On Lines 22 and 23 and conceptual Alignment 7S, terraces with relatively steep front
slopes are found down to - 21.3 m (70 ft) MLLW. These terraces are covered with mobile
sand, which was observed to be moving down slope.

The type of substrate found around Point Wells may occur because the oil terminal piers
and shoreline armoring with the natural structure of the point partially block and redirect
offshore the northward movement of sediment. Point Wells is in a shore-drift cell that
terminates at Point Edwards and the Edmonds Marina as discussed above (Schwartz and
Bronson 1984, Johannessen 1992). The sandy terraces and ravines on the south side of the
Point likely exist because of the offshore movement of sediment. In contrast, the silty and
more depositional nature of Line 21 is likely due to sediment — starved conditions
stemming from its location on the north or up-gradient side of Point Wells.

Lines 24 through 26 are south of Point Wells and Alignment 7S. These lines are also south
of the influence of Point Wells as discussed above. These three lines are characterized by
similar conditions as seen between Point Wells and Point Edwards.

Associated Biota

The biota observed in the course of the geoduck survey is typical of Central Puget Sound
finer sedimentary environments (Kozloff 1983, Dethier 1990). Table 2 lists the species
observed along the survey lines. This biota is characterized by a low number of species
and individuals except for infauna taxa (animals living within the sediments) such as
geoduck and gaper (Tresus sp.) clams.

A number of tubiculous polychaetes are often associated with geoduck beds (Goodwin and
Pease 1987). This association was found on Lines 6, 7, and 21 in the form of mats of
chaetopterid tube worms (Phyllochaetopterus prolifica and Spiochaetopterus costarum).

Macroalgae was observed when suitable hard substrate was present. Kelp beds consisting
of Nereocystis luetkeana or ribbon kelps (e.g., Laminaria saccharina) were not found on
any survey line. However, inshore of Lines 6 and 7 and within the City of Edmonds
Underwater Park, a marine protected area, stands of kelp were seen. As noted earlier, the
geoduck survey did not extend into this park. A substantial bed of foliose red algae
(Rhodophyta) occurred on the offshore portions of Lines 6 and 7. This bed included a
variety of species, but was dominated by Botryoglossum sp. (tentative identification and not
confirmed). These plants are attached to chaetopterid worm tubes rather than gravel or
large sediment particles.

Sea cucumbers (Parastichopus californicus) and Dungeness crabs (Cancer magister) were
occasionally encountered during the survey. Both species were uncommon to rare in
relative abundance and highly patchy in their distribution. Only on Line 7 was more than
one Dungeness crab seen. On this line, 11 adult crabs were sighted in 3 transects. Crabs
were usually seen only as they were running away. Based on these observations and from
previous studies, scuba diving surveys are not an appropriate method for estimating crab
population density (Kyte 1994a, b).
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3.6.

Gaper clams were counted at the same time as geoducks. However, descriptive statistics
and statistical analysis of these data aside from an arithmetical average abundance would
not be valid because of their highly variable and patchy distribution (Figure 10) (Table 2 in
Appendix A). In addition, the count data on gapers likely does not have a statistically
normal distribution. Thus, statistics for individual sub areas are not presented.

Only on Line 13 were a substantial number of gapers found (Figure 10) (Table 2 in
Appendix A). The average number of gapers encountered in transects throughout the
study area was 0.025 gapers/m? (0.002/{t?).

Geoduck Sample Population Density

When the survey was restarted in April, the show factor study demonstrated that the
geoducks had recovered from winter dormancy and were feeding vigorously.
Observations within the two show plots declined with each examination as expected and
show factors of 0.82 and 0.83 were determined in the north and south plots, respectively
(Table 3 in Appendix A).

As specified by WDFW, sufficient transects were placed in the survey area to achieve a
Coefficient of Variation (CV) (Formula 6) for population density estimates of less than 30
percent. Within the study area, an overall CV of 8.8 was obtained (Table 3). CVs for the
individual sub areas are available in Table 3.
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Associated Marine Benthic Species in the MOSS Geoduck Survey Study Area

Table 2

Group/Species'

Scientific Name

Sea lettuce (green algae) Ulva sp.
Foliose red algae Rhodophyta
Filamentous red algae Rhodophyta
Rockweed (brown algae) Fucus sp.

Burrowing anemone

Pachycerianthus fimbriatus

Hydroids

Cnidaria: Hydrozoa

Sea anemone

Metridium sp.

Sea anemone

Urticina columbiana

Baetic dwarf olive snail

Olivella baetica

Diamond back tritonia

Tritonia festiva

Rosy tritonia

Tritonia diomedea

Gaper clams (formerly horse clam)

Tresus sp.

Geoduck clam

Panopea abrupta

Rough mya clam

Panomya sp.

Truncate softshell clam

Mya truncata

Nuttall cockle

Clinocardium nuttallii

Northern horsemussel

Modiolus modiolus

Squid Rossia pacifica
Hermit crab Pagurus sp.

Red rock crab Cancer productus
Dungeness crab Cancer magister
Graceful rock crab Cancer gracilis
Northern kelp crab Pugettia producta

Tube worm Phyllochaetopterus prolifica
Tube worm Spiochaetopterus costarum
Seastar Pycnopodia helianthoides
Seastar Dermasterias imbricata
Seastar Mediaster aequalis

Seastar Crossaster papposus
Seastar Luidia foliata

Seastar Solaster dawsoni

Seastar Pisaster orchraceus
Seastar Pisaster brevispinus
Seastar Evasterias troschelli
Brittlestar Ophiura luetkini

Sea cucumber

Parastichopus californicus

English sole

Pleuronectes vetulus

C-0O sole

Pleuronichthys coenosus

Buffalo sculpin

Enophyrs bison

Spotted ratfish

Hydrologus colliei

' Common names of molluscs, crustaceans, and fish are standardized by the American Fisheries Society
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Table 3
Geoduck Population Density Statistics for the
MOSS Study Area and Sub Areas, April 2002
(All estimates are number of geoducks per square meter [per square foot])

Sub Area

Statistic A B C All Lines
Number of Transects 56 17 67 140
Mean Density 1.00 (0.09) 0.43 (0.04) 0.80 (0.07) 0.84 (0.08)
Standard Error of the Mean
Density 0.09 (0.01) 0.11 (0.01) 0.13 (0.01) 0.07 (0.01)
Coefficient of Variance of
Density 9.47 24.76 15.60 8.76
95 % Confidence Interval 0.19 (0.02) 0.21 (0.02) 0.25 (0.02) 0.14 (0.01)

Note: All population numbers are estimates adjusted with an estimated show factor. The average show factor (2 estimates) used

for all calculations was 0.83.

The CV specification by WDFW (Bradbury et al. 2000) translates to approximately one

transect for every 1.2 hectares (ha) (3 acres) or 0.33 transects per 0.4 ha (1 acre) in areas
covering more than 40.5 ha (100 acres) (Bradbury et al. 2000). According to a GIS map
(Figure 2), the study area contained approximately 210 hectares (ha) (518 acres) between —
6.1 m (20 ft) and —21.3 m (70 ft) MLLW. Within this area, 140 transects were examined

giving a ratio of 1 transect per 1.5 ha (3.7 acres) or 0.27 transects per 0.4 ha (1 acre).

Geoducks were ubiquitous within the study area between — 21.3 m (70 ft) MLLW and the
lower edge of the eelgrass (average depth =—5.6 m (18.4 ft) MLLW) (Table 4 in Appendix

A). Because of the widespread occurrence of eelgrass in the study area, only Line 12

extended above — 5.5 m (18 ft) MLLW. On this line, geoducks were not found above — 5.5

m (18 ft) MLLW. Line 12 is a good example of the ubiquitous nature of the geoduck
distribution. In spite of the highly unstable habitat in this zone, geoduck densities were
relatively high (1.35/m? [0.13/ft*]) between — 21.3 m (70 ft) MLLW and — 6.1 m (20 ft)
MLLW.

Relative density was highest in Sub Area A north of the Edmonds Ferry Terminal (Table 3)
(Table 4 in Appendix A). The lowest density was in Sub Area C between Point Edwards
and Point Wells (Figure 11). Figure 12, a map produced using GIS mapping, illustrates the

distribution of geoduck density.

The adjusted count data from the sub areas were tested for statistical significance using a
single factor analysis of variance (ANOVA). This test showed that the three sub areas are

not significantly different in population density (F = 3.00, p = 0.053).

The data showed that geoduck population density increases with depth (Figure 13, Table
4). Because of this trend, the correlation of population density and depth was tested. The
following three categories were used following previous studies by WDFW (Goodwin and

Pease 1991):

e Lessthan 9.1 m (30 ft)

* 9.1 m (30 ft) to 13.7 m (45 ft)
* Greater than 13.7 m (45 ft)
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Because of the fact that strip transects lay across depth contours, it is not practical to
examine the geoduck count data in smaller depth increments. Additionally, if smaller
depth increments were used, the resultant analysis would not be comparable to WDFW
published information.

Table 4

Geoduck Population Density Statistics by Depth Category for the
Entire MOSS Geoduck Study Area. April 2002

Depth Range
Statistic <9.1 m (30 ft) 9.1 m to 13.7 m (45 ft) >13.7m

Number of Transects 47 35 55
[Mean Density 0.20 (0.02) 0.90 (0.08) 1.37 (0.13)
Standard Error of the Mean Density 0.05 (0.00) 0.10 (0.01) 0.13 (0.01)
Coefficient of Variance of Density 22.99 10.66 9.86

95 % Confidence Interval around the

|Mean Density 0.09 (0.01) 0.19 (0.02) 0.26 (0.02)

Note:

All population numbers are estimates adjusted with an estimated show factor. The average show factor (2 estimates) used

for all calculations was 0.83.

3.7.

There was only a weak correlation between density and depth (r = 0.56). However,
densities among the three depth ranges were significantly different (F = 33.0, p <0.001).
Goodwin and Pease (1991) also found this direct relation to depth.

Geoduck Biomass Estimation

A total of 110 geoducks from 22 sample locations were collected, weighed, and measured
to estimate the geoduck biomass within the study area (Tables 5 and 6 in Appendix A).
Information on two parameters was obtained through this sampling; first, the range of
individual geoduck weight by location and depth range was documented. Second, biomass,
or weight per unit area (i.e., kilograms per hectare), was determined for the study area.

The heaviest geoducks were taken from Edwards Point and the lightest in Sub Area A
(Table 5) (Table 5 in Appendix A). The geoduck samples from the sub areas were tested
for statistical significance first using a single factor ANOVA. This test showed that
geoduck individual weight was significantly different across the three sub areas (F = 5.35, p
=0.0061). In addition, because the sample sizes from the three sub areas was drastically
unequal (Table 5), the data from sub areas A and C, which had similar sample sizes was
tested for significant difference using a Student’ T test. Geoduck weights in Sub Area A
were significantly different than weights in Sub Area C (two tailed test T =1.98, p =
0.0078).

When mean geoduck weight distribution within the study area was examined by depth, a
trend of decreasing weight with depth was seen (Table 6, Figure 15). Both this study and
that of Goodwin and Pease (1991) found that mean geoduck weight decreases with depth
while population density increases. Within the study area, geoduck weight was
significantly different across the three depth categories (F = 12.29, p < 0.001).

Because of the difference in population densities, the greatest biomass per unit area was at
Point Wells with the lowest between Point Wells and Edwards Point (Table 5, Figure 14).
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Shell length was also measured and found, as expected, strongly correlated (r = 0.81) with
individual weight. Geoducks with the smallest average length were collected in Sub Area
A north of the ferry terminal with the largest from the vicinity of Point Edwards, Sub Area
C (Table 5) (Table 5 in Appendix A). The smallest individual geoducks were found on
Line 6 in Sub Area A, while the largest were collected on Line 14 in Sub Area C near Point
Edwards (Tables 5 and 6 in Appendix A).

Table 5

Geoduck Weight, Biomass, and Length Statistics for the
MOSS Study Area and Sub Areas, April 2002

(All weights in kilograms (kg) Sub Area
(pounds [Ibs]))

Statistic A B (o All Lines
Number of Geoducks Weighed 40 5 65 110
[Mean Weight 0.92 (2.03) 1.36 (2.99) 1.13 (2.48) 1.06 (2.34)
Standard Error of the Mean Weight 0.06 (0.14) 0.16 (0.34) 0.04 (0.10) 0.04 (0.08)
Coefficient of Variance of Weight 6.72 11.51 3.99 3.5
95 % Confidence Interval 0.12 (0.27) 0.31 (0.68) 0.09 (0.19) 0.07 (0.16)
[Mean Biomass kg/ha (Ibs/acre) 9,216 (7965) 5,839 (5,216) 9,005 (7,567) 8,920 (8,154)
[Mean Length (mm) (inches) 87.10 (3.43) 146.10 (5.75) 107.30 (4.22) 143.90 (5.7)
Standard Error of the Mean Length 3.24 (0.13) 5.39 (0.21) 2.05(0.08) 1.82 (0.07)
Coefficient of Variance of the Length 2.39 3.34 1.39 1.3
95% Confidence Interval around the
[Mean Length 6.35 (0.25) 10.57 (0.42) 4.01 (0.16) 3.56 (0.14)

Table 6

Geoduck Weight, Biomass, and Length Statistics by Depth Category for the Entire MOSS
Geoduck Study Area. April 2002

Depth Range
(All weights in kilograms (kg) (pounds [Ibs])) 9.1 m to 1.7 m
Statistic <9.1m (30 ft) (45 ft) >13.7m

Number of Geoducks Weighed 36 39 35
Mean Weight 1.25(2.7) 1.10 (2.4) 0.84. (1.8)
Standard Error of the Mean Weight 0.06 (0.15) 0.07 (0.14) 0.05 (0.10)
Coefficient of Variance of Weight 5.40 5.59 5.40
95 % Confidence Interval around the Mean Weight 0.13(0.29) | 0.12(0.25) 0.09 (0.20)
Mean Biomass kg/ha (Ibs/acre), 2,616 (2,393) | 9,973 (8,419) | 11,443 (10,428)
Mean Length (mm) (inches) 153.65 (6.05) | 144.32 (5.68) | 133.29 (5.25)
Standard Error of the Mean Length 2.84 (0.11) 3.37 (0.13) 2.29 (0.09)
Coefficient of Variance of the Length 1.85 2.34 1.72
95% Confidence Interval around the Mean Length 5.56 (0.22) 6.35 (0.25) 4.55 (0.18)
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3.8.

3.9.

Extrapolation of Results to - 27.4 m (90 ft) MLLW

After the survey was completed, WDNR expressed an interest in geoduck population
parameters between -70 ft MLLW and -90 ft MLLW. The main reasons the -70 ft limit
was chosen was for diver safety and the -70 ft MLLW is the lower limit for commercial
harvest. As noted in sections 3.6 and 3.7, statistically significant differences in density and
weight were observed among depths. However, no data are available that describe the
relationship between -70 and -90 ft MLLW for density and weight in this survey area. Due
to the fact that density and weight differences occur between -70 and -90 ft MLLW, it is
not possible to accurately extrapolate the results from this survey to estimate the density at
-90 ft MLLW (Sizemore 2002). Neither WDFW nor WDNR routinely extrapolate density
data across depth contours due to these observed differences ( Sizemore 2002; Palazzi
2002). In order to obtain accurate data at the -90 ft depth, divers must actually survey these
depths.

It must be noted that the above statement by King County was based on conversations with
WDNR and WDFW personnel, to which Golder Associates Inc. was not privy.

Brightwater Outfall Zones

The four candidate marine outfall zones discussed in the Introduction were superimposed
on the grid line and strip transect sampling design. The zones were located as shown on
Figures 1 and 2. Each contained conditions representative of the sub area in which they
were located.

Geoduck density is apparently highest in Zone 5 and lowest in Zone 7N, but the zones are
not significantly different in population density (F = 1.34, p = 0.27).
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4.0

CONCLUSIONS

The geoduck survey demonstrated that geoducks are nearly ubiquitous throughout the study
area between the lower edge of the eelgrass and -21.3 m (70 ft) MLLW (Figure 12). The
following points summarize the 2002 Geoduck Population Survey results:

The average density of geoducks within the study area is 0.84 geoducks/m? (0.08/{t?)
and did not vary significantly across the study area.

Geoduck population density significantly increases with depth with the greatest density
in the lowest depth range surveyed.

The average geoduck weight was 1.1 kg (2.3 1bs) and varied significantly across the
study area.

The mean geoduck biomass in the study area was 8,920 kg/ha (8,154 Ibs/acre).

The greatest mean geoduck biomass (weight per unit area) is in Sub Area C south of
Point Wells with the lowest also in Sub Area C, but north of Point Wells.

Individual geoduck weight decreases significantly by depth with the lowest mean
weight in the lowest depth range surveyed.

Historical data does not exist and data were not gathered in this survey with which to
extrapolate geoduck density and biomass trends beyond —21.3 m (70 ft) MLLW.

The smallest (i.e., shortest) geoducks were found in Sub Area A and the largest to the
south of Edwards Point in Sub Area C. No effect of area or substrate was seen, likely
because of the relative homogeneity of the study area.

There is no statistically significant difference in density among candidate outfall zones.

The biota of the study area appeared to be typical of Central Puget Sound according to
the experience of the surveyors and the presence of characteristic species.
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Data Tables



Tulalip Tribes of Washington June 6, 2002
Shellfish Program

Michael E. McHugh

Shellfish Harvest Management Biologist

Geoduck Biomass Assessment — Edmonds Proposed STP (King County MOSS Project)
Commercial Assessment of Photographed Geoducks

Table 1. Comments on and Commercial Assessment of Geoduck Clams (Panopea
abrupta) from Photographs Supplied by Golder & Associates for the Edmonds Area

Photograph Location of Clam in | Comments Grade
Identification Number Photograph
P5080067 1 PS 2

2 PS/B/S 3/4

3 PS 2

4 2

5 2
P5080073 1 PS 2

2 D 2

3 —clam on side D 2

4 D 2

5 D 2
P5080074 1 CS/LS 1

2 CS/LS 1

3 CS/LS 1

4 L 2

5 CS/LS 1
P5080075 1 CS/LS 1

2 CS/LS 1

3 PS/B 3/4

4 CS/LS 1

5 PS/PD 1/2
P5080076 1 L 3

2 LS 1

3 DM /DS 3

4 DM /DS 3

5 DM /DS 3
P5080077 1 L 2

2 LS/CS 1

3 DS 2

4 DS 2

5 DS 2
P5080080 1 L 2
P5080079 copy 2 Skinny Siphon 2




Skinny Siphon

Skinny Siphon

L/CS/LS

~
\S]

P5090081

PD

PD

PS/US

US (gray siphon)

SS

P5090084

DS

SS

D

PS/SS

D

P5090085

CS/LS

N[ N[RAR|WIN =N WIN =W ~|W

SS / Skinny
Siphon

W= (N[ W[ N |WIN N |W W[ NN [— W[

(98]

SS / Skinny
Siphon

(98]

CS/LS

D

P5090087

CS/LS

P5090086 COPY

CS/LS

SS

D

D

P5090088

CS/LS

CS/LS

CS/LS

CS/LS

CS/LS

P5090090

L /DS

P5090089 COPY

DS

CS/LS

SS

CS/LS

P5100098

PS

PS

PS

D / Bullet

~—
N

— | G | bt |t | e [ [N [ et [N [ U [ bt | bt |t |t | [ DN DN | U | [ [ DND [

P5100099

PS

[\ AR}
~ |~
W (W

SS / Bullet

(98]

[\S}

N WIN|—=NBR[WRINR|—NIDRWRINR[—= N[RN[R WIN[—= W

PS /DS

(98]




P5100100 CS/LS

CS/LS

D

—_— N |t |

PS

PS

—_—

P5100101 D / Bullets 3/4

D / Bullets 3/4

D / Bullets 3/4

D / Bullets 3/4

D / Bullets 3/4

P5100102 PD 1/2

PD 1/2

W

SS

SS

DS

P5100103 CS/LS

CS/LS

CS/LS

DS

CS/LS

P5100104

DM/A

PD

P5100105 SS

Bullet

DS /DM

DS / Ugly shell

P5100106 Bullet

PS sub 1.5 Ibs

Bullet

PS sub 1.5 Ibs

PS sub 1.5 Ibs

P5100107 DSiphon / Dshell

DSiphon / Dshell

DSiphon / Dshell

DSiphon / Dshell

NIBR|WIN RN WIN|—, NIRRT NV RN WINR|R NV N W[~ W|N|—

NN N[NNI [ = [ = [ B[ = W [N [ [ N[RN[R W= [N = | = [ = [ D[

DSiphon / Dshell

Tabled data is for individual clams in photographs supplied by Golder & Associates
(Michael A. Kyte, Senior Marine Biologist) to the Tulalip Tribes Shellfish Program.
Clams are numbered from one to five starting with the clam on the left and counting to
the right. Comments on individual clam are included to support grades assessed and




allow an understanding of the commercial grading scale used by Tulalip during
commercial geoduck harvest activities. Comments are also included to compensate for
slight variations of possible grades by Tulalip staff and harvesters with others in the
commercial clam industry.

Michael McHugh and Vern Carpenter graded clams under blind response conditions with
a third person (grade keeper) keeping notes. This method was used to confirm the correct
calibration of Michael McHugh (Tulalip Shellfish Program Harvest Manager) with Vern
Carpenter (Shellfish Buyer and Independent Tribal Shellfish Harvester) as well as
maintain a degree of integrity through the grading system as a slight variation in grades
could lead to large commercial value differences. Individual grades were nearly the same
for all clams assessed (over 90% received the same score) and any clams not receiving
matching grades were re-reviewed and assessed by both graders. Codes were developed
to expedite the grading system and allow multiple comments per clam.

Codes

PS — Possible Small, clams smaller than 1.5 Ibs may have reduced market value

D — Dark Skin or Dark Shell characteristics (M, mantele / S, shell)

SS — Short Siphon (necks) less than length of shell (valve)

CS — Clean Shell (valve) chalky-white in color, good quality

CN — Clean Neck (siphon) blonde or beige not dark brown or gray

LS — Long Siphon (neck) is greater than or equal to shell (valve) length when contracted
L — Lesions, irregular marks and or bumps upon the siphon

DM/A — Dark Mantle / Alligator condition of siphon or mantle that appears to be leathery
B — Bullet, stubby neck (siphon) and almost no meat outside or above the shell

U — Ugly, ugly siphon much like alligator but bent and not uniformly shaped

Not all clams look the same nor have the same physical characteristics that can be
qualitatively measured. This qualitative difference lends itself to a slight problem in
keeping clam grades consistent between parties and those not involved in the commercial
industry. With this in mind, a brief qualitative scale has been developed to assist in the
understanding of the market value of clams of this kind. Additionally, changes to the
scale may occur as market conditions change with quality of product, time of year and
quality of product already in the market place at any one time. The value and grade of
the same clam will drop somewhat as the market gets flooded with product as is true of
the inverse that the value of a marginal clams increase as the supply is reduced and higher
quality product becomes limited in availability.

Definitions of Geoduck Clam Grading System

1- Clean siphon and clean white shell. No blemishes on siphon or shell from growing
conditions or effects of harvesting. Clams may have two or three times siphon length
compared to valve length when siphon in not contracted or semi-contracted. Siphon is
equal to or greater than valve length when fully contracted and has uniform tapering of
the siphon from shell to siphon tip. Color of siphon is light brown with smooth exterior
skin having limited scars and or marks.



2 — Clam may have slightly shorter siphon and a slightly darker (brown or gray/black)
coloration to siphon and or shell. Siphon will still be equal to and possible slightly longer
than shell when contracted but coloration may exclude clam from a No. 1 grade. The
clam may have a small degree of shell deformity and possible lesion like marks upon skin
of the siphon. A No. 2 grade clam is very similar to a No. 1 but graded down mostly due
to color and possibly length of siphon.

3 — Clams with off-color shells as well as off-colored siphons that posses shorter siphons
that are equal to or less than the length of the shell. Clams may have multiple shell
deformities due to growing conditions of rocky substrate or hardpan conditions. Clams
may also have off-color shell and siphons from anaerobic growing conditions giving a
blackish or oil-stained appearance. Clam siphon may have multiple lesions and or scars
on the skin of the siphon to reduce grade. The clam may have a leathery appearance of
the siphon and or mantle visible between valves or base of siphon. Rough skin of the
siphon, rough siphon tip or growth on the siphon tip and smaller siphon in diameter than
appears the shell could support are conditions of a No. 3 clam.

Bullets 3 /4 — Some graders use only a one through three grading scale to grade product
as does Tulalip with the exception of Bullets. Bullets are also referred to as hand
grenades due to their football like appearance and lack of siphon length. The clam will
have a fully developed shell and have almost no siphon visible greater than one or two
inches for a six inch shell. Siphons less than half the shell length (fully contracted) are
many times graded as bullets and sold at $0.50 per pound if purchased by the buyer at all.
These many times become “take-home” clams and or bait for an supplemental fisheries
such as crab due to the low market value yet quality as a food sources or bait. Hardpan
growing conditions such as a clay layer 0.3 meters below the substrate will account for
this condition as well as cobble gravel substrate conditions. Not very common to have
slight variations in this grade as a bullet is a bullet.

The most recent market value of geoduck clams is listed below for what Tulalip
harvesters encountered this spring. The price per pound for 1’s and 2’s was slightly
depressed due to an unusually flooded market at the end of the 2001 — 02 commercial
geoduck clam management period. Normal prices per pound for Tulalip product may be
found at one or two dollars per pound higher during normal market conditions. A one
time price per pound ex-vessel prices was reached in December 1996 for all product no
grade at $10.00 per pound.

No. 1 $ 5.50 per pound
No. 2 $ 4.50 per pound
No. 3 $ 1.50 per pound

Bullets $ 0.50 per pound



