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1.0
INTRODUCTION

e S e S e

Glacier Northwest, a subsidiary of Lone Star Northwest, Inc., and referred to herein as
Lone Star, has applied for a permit to increase its rate of gravel extraction from an
existing mine located on the eastern shore of Maury Island in Puget Sound, Washington.
The legislation commissioning the Maury Island mine impact studies specified that the
study consider impacts to the nearshore environment. For this reason, the Washington
Department of Ecology included a nearshore study element in the mine impact study.

This document provides an assessment of potential impacts of the proposed mine project
on critical nearshore marine resources. The assessment uses the following methods:

«  Afield study was conducted to establish baseline benthic habitat types and
conditions

+ Reports from Washington Department of Fish and Wildlife (WDFW) fisheries
specialists were reviewed to assess the use of the nearshore area by listed and
candidate fish species

- Published scientific studies on the effects of similar impacts on the nearshore
species of concern were reviewed

This document consists of the following sections:
Section 2.0  Baseline Nearshore Assessment
Section 3.0  Impact Assessment
Section 4.0  Conclusions
Section 5.0  References

Appendices
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2.0
BASELINE NEARSHORE ASSESSMENT

This baseline nearshore assessment characterizes the sediment condition, benthic

habitats, and likely use by fisheries resources of the Maury Island nearshore area. EVS
Environment Consultants (EVS) conducted a field study in the fall of 1999 to

characterize the sediments and benthic condition. The characterization of the use of this
area by fish and marine mammal species was developed through information gained from
fisheries specialists, WDFW stock assessment reports, and scientific literature.

2.1 STUuDY AREA

Maury Island is an extension of Vashon Island in south central Puget Sound, Washington
(Figure 2-1). Lone Star has proposed to expand mining activities on a roughly 95-ha
(235-ac) site located on the eastern edge of Maury Island and along the East Passage of
Puget Sound. The nearshore study area, referred to as the nearshore area in this
document, is delineated by approximately 975 m (3,200 ft) of shoreline, the Glacier
Northwest property boundary, from mean lower low water (MLLW) to about -9 m

(-30 ft) MLLW. In addition, the approximately 366 m (1,200 ft) of the central section of
shoreline out to a greater depth of approximately -40 m (-130 ft) MLLW were included in
the baseline benthic assessment.

The nearshore subtidal habitat adjacent to the Lone Star mine has been characterized as a
sand and silt substratum with a gradually sloping bottom from the shoreline to the
seaward edge of the Lone Star dock (Jones & Stokes et al. 1999). Results from diver
transects have indicated that a diverse habitat with bare sand areas, patchy eelgrass beds,
and areas with kelp and green algae is present in the vicinity (Jones & Stokes and AR
1999). The Puget Sound Environmental Atlas (Evans-Hamilton and D.R. Systems 1987;
Puget Sound Estuary Program [PSEP] 1992) reports the existence of eelgrass beds along
most of the southeastern shoreline of Maury Island, from the mean low water mark down
to a depth of approximately -7 m (-22 ft) MLLW. Geoduck (Panope abrupta) beds are
also found along the entire southeastern shoreline of Maury Island within 183 m (200 yd)
of the shore (Sizemore et al. 1998). Both piddock and geoduck clams were reported in
the barge loading area (Jones & Stokes and AR 1999).

u'®vs_projects\2527-02 maury island\deliver\impacts\impact.doc
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2.2 BENTHIC HABITATS WITHIN STUDY AREA

To obtain more detailed information about bottom type and habitat conditions in the
project area, EVS used a combination of acoustic and photographic survey techniques,
along with sediment sampling, to document baseline conditions in the fall of 1999.
Approximately 16 ha (39 acres) in the nearshore environment were characterized using a
precision bathymetric survey, a side-scan sonar survey, a series of sediment profile
images, and the results of the chemical analysis of sediment samples collected from six
locations in the immediate vicinity of the Lone Star dock.

2.21 Materials and Methods
2.2.1.1 Bathymetry and Side-Scan Sonar Survey

Blue Water Engineering precision conducted bathymetric and side-scan sonar surveys
using the vessel Surveyor by on October 12, 1999. Bathymetric survey lanes were
centered around the Lone Star dock and oriented perpendicular to shore; 975 m (3,200 ft)
of shoreline were surveyed. Survey lanes were spaced 6 m (20 ft) apart for the nearshore
profile and 18 m (60 ft) apart for the portion of survey that extended out into deep water.
Bathymetric data were collected with a narrow-beam, 208 kHz transducer Odom survey
fathometer. Observed tidal data were obtained through the National Oceanographic and
Atmospheric Administration (NOAA) Ocean and Lake Levels Division’s (OLLD)
National Water Level Observation Network. These stations are equipped with the Next
Generation Water Level Measurement System tide gauges and satellite transmitters that
have collected and transmitted tide data to the central NOAA facility every six minutes
since January 1, 1994.

Observed tidal data are available 1 to 6 hours after the time of collection in station datum
or referenced to MLLW and based on Coordinated Universal Time. For the October 12,
1999, survey of Maury Island, data from the NOAA tide stations 9446484, located at Pier
7 at the Port of Tacoma, Tacoma, Washington, and 9447130, located at the Washington
State Ferry Building, Seattle, Washington, were used for tidal calculations. The NOAA
tide data were downloaded in the MLLW datum, interpolated for spatial correction,
corrected to local time, and applied to the collected data at 30-minute intervals.
Bathymetric data were analyzed using Coastal Oceanographic HYPACK® software and
corrected to MLLW using the NOAA observed tides. The bathymetric data were then
used to construct depth models of the surveyed area.

To characterize sediment type, the location of eelgrass beds, and the location of
underwater targets, a side-scan sonar survey was conducted with a Dowty 3050 Wide-
Scan towfish. Acoustic signals at a frequency of 500 kHz were emitted from the two
transducers mounted in the 3050 towfish, and the returns were relayed to an EPC 1086

YenterRrise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc
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graphic recorder. The side-scan sonar lanes were run parallel to shore at a spacing of 9 m
(30 ft); bathymetric data were also collected during the side-scan sonar survey.

Navigation data for both side-scan and bathymetric surveys were collected with a
Trimble AG132 differential global positioning system (DGPS).

2.2.1.2 Sediment Profile Imaging and Sediment Sampling Survey

The sediment profile imaging (SPI) and sediment sampling were conducted on the
research vessel Kittiwake owned and operated by Charles Eaton, Bio-Marine Enterprises
on November 4 and 5, 1999. The Kittiwake utilized a Trimble NT300D DGPS with
internal receiver for processing the differential signal to provide navigation and
positioning support for the project. The coordinates were recorded for each sampling
station occupied. During this project, the differential corrections applied were those
generated and transmitted by U.S. Coast Guard installations. Accuracy of the system is
rated to be within £2 m (%7 ft).

bl

Sampling Locations—Sampling locations for the sediment profile images and
sediment samples were predetermined based on the preliminary results from the side-scan

and bathymetric surveys. Figure 2-1 presents the locations for both the SPI survey and
6 sediment sampling stations.

Sediment Profile Imaging Survey—Photographs of the benthic sediment profile
were taken at 39 offshore stations. Two replicate images were taken with Kodak
Ektachrome® color slide film (ISO 100) at each station, identified as MI-SPI-01 through
MI-SPI-39 in Table 2-1; each SPI replicate is identified by the time recorded on the film
and corresponding entries in the field and navigation logbooks. Even though duplicate
images were taken at each location, each image was assigned a unique frame number by
the data logger and cross-checked with both the hand-entered sample logs kept by the
field crew and the sampling station electronic file.

On deck test exposures were made using the Kodak® Color Separation Guide
(Publication No. Q-13) at the beginning and end of each roll of film to verify that all
internal electronic systems were working to design specifications and to provide a color
standard against which the final film emulsion could be checked for proper color balance.
After deployment of the camera at each station, the frame counter was checked to make
sure that the requisite number of replicates had been taken. In addition, a prism
penetration depth indicator on the camera frame was checked to verify that the optical
prism had actually penetrated the bottom to a sufficient depth to acquire a profile image.
Because of the paucity of fine-grained sediments in the study area, all available prism
weights (total of 113 kg [250 Ibs]) were kept in the camera for the entire survey to
maximize the camera’s prism penetration.
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Table 2-1. Station locations for sediment profile imaging survey

STATION ID LATITUDE LONGITUDE

MI-SPI-01 47 21.6654 122 26.5124
MI-SPI-02 47 21.7002 122 26.4906
MI-SPI-03 47 21.6962 122 26.4501
MI-SPI-04 47 21.7246 122 26.4720
MI-SPI-05 47 21.7484 122 26.4762
MI-SPI-06 47 21.7438 122 26.4493
MI-SPI-07 47 21.7369 122 26.4391
MI-SPI-08 47 21.7246 122 26.4103
MI-SPI-09 47 21.7637 122 26.4316
MI-SPI-10 47 21.7598 122 26.4215
MI-SPI-11 47 21.7821 122 26.4084
MI-SPI-12 47 21.7760 122 26.4037
MI-SPI-13 47 21.7738 122 26.3975
MI-SPI-14 47 21.7655 122 26.3853
MI-SPI-15 47 21.7554 122 26.3657
MI-SPI-16 47 21.7847 122 26.3731
MI-SPI-17 47 21.7860 122 26.3652
MI-SPI-18 47 21.7810 122 26.3577
MI-SPI-19 47 21.7751 122 26.3495
MI-SPI-20 47 21.7674 122 26.3345
MI-SPI-21 47 21.7577 122 26.3221
MI-SPI-22 47 21.8092 122 26.3718
MI-SPI-23 47 21.8206 122 26.3628
MI-SPI-24 47 21.8152 122 26.3545
MI-SPI-25 47 21.8066 122 26.3411
MI-SPI-26 47 21.8013 122 26.3307
MI-SPI-27 47 21.8355 122 26.3364
MI-SPI-28 47 21.8328 122 26.3299
MI-SPI-29 47 21.8274 122 26.3179
MI-SPI-30 47 21.8234 122 26.3124
MI-SPI-31 47 21.8164 122 26.3035
MI-SPI-32 47 21.8554 122 26.3221
MI-SPI-33 47 21.8441 122 26.2995
MI-SPI-34 47 21.8357 122 26.2767
MI-SPI-35 47 21.8709 122 26.3016
MI-SPI-36 47 21.8778 122 26.2918
MI-SPI-37 47 21.8868 122 26.2742
MI-SPI-38 47 21.8982 . 122 26.2671
MI-SPI-39 47 21.9153 122 26.2478
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Sediment Sampling—Six locations near the Lone Star dock were established to
collect sediment for chemical and benthic analyses. The sampling stations are identified
as MI-SED-01 through MI-SED-06, as shown in Figure 2-1. Samples were intentionally
located around the perimeter of the dock, with three locations on the inshore side of the
dock, and three locations on the open-water side of the dock. The three stations on the
open-water side of the dock, MI-SED-03, MI-SED-04, and MI-SED-06, were located at
the nearest position to the dock that an acceptable sediment sample could be collected.
Because of the proliferation of cobble and gravel on the sediment surface near the dock,
the sampling vessel was repositioned at increments of approximately 4 m (13 ft) along a
radial transect until sediment could be retrieved. Table 2-2 lists the coordinates for the
locations where acceptable samples were retrieved.

Table 2-2. Station locations for sediment sampling

ID LATITUDE LONGITUDE
MI-SED-01 47 21.7696 122 26.4197
MI-SED-02 47 21.7801 122 26.3989
MI-SED-03 47 21.7315 122 26.3716
MI-SED-04 47 21.7641 122 26.3169
MI-SED-05 47 21.8038 122 26.3762
MI-SED-06 47 21.7969 122 26.2934

Sediment Collection—Surface sediment samples for all locations were collected using
a double 0.1 m? (1.1 ft?) van Veen grab sampler (total area sampled 0.2 m’ [2.2 ft°]). The
grab sampler was deployed and retrieved from the stern of the boat using a hydraulic
main winch equipped with 5/16-in. stainless steel wire. Upon retrieval, the sample was
examined to determine acceptability based on the following sediment acceptance criteria:

« The sample does not contain foreign objects

« The sampler is not over-filled with sediment so that the sediment surface
presses against the top of the sampler

- No significant leakage has occurred, as indicated by overlying water on the
sediment surface

No sample disturbance has occurred, as indicated by limited turbidity in the
overlying water

No winnowing has occurred, as indicated by a relatively flat, undisturbed
surface
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Once a sample was deemed acceptable, one chamber of the double van Veen was used to
carefully siphon any overlying water in order to avoid disturbing the sediment surface.
The upper 10 cm (4 in.) of sediment were extracted from the sampler and placed into
clean stainless steel containers. Once a sufficient amount of sediment for analysis had
been collected at a location, the sample was thoroughly homogenized by hand using a
stainless steel spoon in order to achieve consistent color and texture. Aliquots of the
homogenized mixture were carefully placed into glass sample jars. Subsamples collected
fortotal sulfides analysis were collected prior to the homogenization of the sediment
sample.

The other chamber of the double van Veen grab sample was designated for benthic
community analysis. All of the sediment and overlying water from the designated
chamber was extracted from the grab sample and placed in a 7-L (2-gal) plastic bucket
for processing at the completion of the field effort. The processing of these samples is
discussed in Section 2.2.1.3.

After the containers were filled and the outsides cleaned, each container received a label
with a unique sample ID number that was sealed and affixed with clear tape. The
following information was recorded on the sample labels and in the logbooks:

« Project number

«  Unique sample ID number

« Date and time of collection

« Required analyses

«  Sampler’s initials A

- Preservation type (if any)

« Any other pertinent comments (e.g., duplicate)

The quality assurance (QA) officer was present during all homogenization, container
filling, labeling, document processing, and sample packing.

In addition to the field notes taken during sample collection and the sample labels affixed
to the containers, additional documentation recorded during processing included a sample
log and chain-of-custody forms. An individual record of each filled container was
maintained in the sample log; each sample was identified by the unique sample ID
number affixed to the container and included information such as the station ID, time
collected, the analysis required, and the corresponding analytical laboratory to which the
sample was to be shipped. Chain-of-custody forms accompanied all samples during
storage and shipment to the laboratory. Samples were kept on ice and kept in proper
custody (either in the presence of the sample custodian or locked up) after processing
until they could be shipped. All sediment samples were personally delivered by a
member of the EVS field crew to Analytical Resources Incorporated (ARI), Seattle,
Washington, for chemical analysis.
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2.2.1.3 Benthic Community Samples

When an acceptable sample was obtained, the sediment from the designated chamber was
emptied into a high-density polyethylene bucket for temporary storage. The benthic
community samples were processed at the completion of the survey, after all sediment
samples had been collected. The sediment was sieved through a 1-mm (0.04-in) mesh
screen using a saltwater rinse aboard the Kittiwake. Sieving was performed until the
water draining through the bottom of the sieve buckets ran relatively clear. Visible
foreign objects were carefully removed from the retained material. The remaining
material was then placed into plastic jars, covered with 10 percent formalin, and labeled
appropriately. Sample jar lids were wrapped with electrical tape to prevent any leaking
during storage or transport. Samples were archived at EVS in Seattle, Washington. No
benthic taxonomic analysis was performed.

222 Results
2.2.2,1 Bathymetry

A two-dimensional contour map of the bathymetric results is presented as Figure 2-2.
Water depths along the face of the dock ranged from approximately 6 m (18 ft) at their
shallowest, along the center portion of the dock, to between 11 and 12 m (35 and 38 ft) at
the ends of the dock. Depth increased at a fairly uniform rate as one heads offshore,
reaching depths of over 31 m (100 ft) within 84 m (275 ft) straight out from the middle of
the dock. The most notable distinction was the series of rhythmic shoreline features, or
submerged beach cusps, that were perpendicular to the shoreline (see Figure 2-2). The
crests of these cusps are regularly spaced at approximately 91-m (300-ft) intervals; the
middle of the Lone Star dock happened to be located on one of these crests.

These shoreline cuspate deposits, which typically occur on sand and gravel bottoms, have
attracted a great deal of interest in the field of coastal geomorphology. However, for
practically every theory that has been put forth by one author as to the origin of these
rhythmic formations, a different, contradicting theory has been offered by another author.
As aresult, a great deal of controversy still exists among geomorphologists regarding
which processes of wave motion and sediment transport control their rhythmic spacings
(Komar 1998). The strongest evidence to date has been advanced by Guza and Inman
(1975). Their studies show that standing edge waves play a prominent role in the
formation of nearshore beach cusps; when conditions are such that the edge waves have a
period that is twice that of the normal incident waves, then cusps are formed. However,
it is not possible to identify with absolute certainty the process that caused the submerged
cuspate formation found offshore Maury Island.
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2.2.2.2 Side-Scan Sonar

Side-scan sonar transmits a specially shaped acoustic beam 90 degrees from either side of
the survey vessel and records the sound energy that reflects back to the towfish. The
results are recorded as a gray-scale image depicting the varied strengths of the returning
beam; strong reflectors are displayed as dark areas on the image, and a total lack of
returning energy as white. From a photographic analysis, this gives an image that
appears to be a negative. In the side-scan sonar image, shadows are often the most
important interpretive tool. In many cases, shadows can indicate more about the makeup
of a reflector than the acoustic returns from the reflector itself because they provide a
three-dimensional quality to the two-dimensional sonar record. They are produced by
objects projecting above or depressed into the sea floor.

For the Maury Island survey, the side-scan sonar survey was used to characterize
sediment type, target locations, and provide a more accurate delineation of eel grass beds.
If the density of eelgrass plants was sufficiently high, the plants reflected the side-scan
signal. A variety of seabed features were readily apparent from an examination of the
side-scan image. These included two sunken barges and a small vessel off the southern
end of the dock (Figure 2-3), patches of coarse-grained sediment (Figure 2-4), and the
presence of eelgrass (Figure 2-5). In combination with the bathymetric and sediment
profile data (Section 2.2.2.3), an overall interpretive map was compiled to show the
prominent features of the nearshore habitat (Figure 2-6).

The acoustic information from both the side-scan sonar survey and the bathymetric
records confirmed that the sediments off Maury Island were primarily sands (fine to
coarse) with some concentrated patches of coarser-grained sediment from gravel, cobble,
or rocks on the bottom (Figure 2-6). There were two major eelgrass beds to the northeast
and southwest of the Lone Star dock in water depths shallower than 6 m (20 ft)

(Figure 2-6), as well as two smaller patches on either side of the dock on the crests of the
submerged cusps. While other isolated patches of eelgrass at densities too low to reflect
sound waves were identified in the sediment profile images (see Section 2.2.2.3), the
side-scan sonar mapped an approximate total of 1.0 ha (2.5 ac) of bottom covered by
eelgrass, or a little over 6 percent of the total area surveyed.

Other nearshore features included patches of coarse sediment along the shore and rough
bottom. One larger debris pile, consisting of logs and rocks, started at approximately

15 m (50 ft) SE of the dock and extended downslope roughly 46 m (150 ft). A few
isolated logs or planks on the seabed are indicated on the map, as is the line of dolphins,
five to the northeast and five to the southwest of the existing dock; these are proposed to
be repaired for use in tugboat and barge operations at the dock.
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Figure 2-4. Side-scan sonar image of a patch of coarse-grained
sediment distinct from the surrounding sandy bottom
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Figure 2-6. Characterization of sediment type and seabed features of the nearshore
environment from side-scan sonar interpretation combined with bathymetric results
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2.2.2.3 Sediment Profile Images

The results from the sediment profile images confirmed and, in some cases, enhanced the
sediment characteristics mapped by the side-scan sonar (see Appendix A for detailed
results from all images). The majority of the bottom surveyed was rippled medium sand;
a typical profile image from the area is shown in Figure 2-7. Several of the shallower
stations near the shore showed evidence of leaf litter and wood twigs on the bottom, not
an unusual pattern for nearshore areas that receive runoff from land (Figure 2-8). The
presence of leaf and twig debris may have contributed to the patches of rough bottom
noted in side-scan data. While images from stations within the eelgrass patches
delineated by the side-scan sonar confirmed the presence of plants (Figure 2-9), eelgrass
was also found at Stations 11 and 22 where plant densities were low enough or the
bottom slope steep enough to avoid detection by the side-scan sonar (Figure 2-10).

Prism penetration was fairly shallow at most stations (less than 10 cm [4 in.]), reflecting
the higher shear strength of sandy sediments; however, a few isolated stations had sands
with lower shear strength, most likely due to dilation caused by burrowing organisms
(Figure 2-11). Surface layers of gravel were found at Stations 17, 19, 20, 21, 26, 33, 38,
and 39, and an area of hard bottom with large rocks was found at Station 16. While the
source of this gravel could easily be inferred as having originated from past gravel
mining operations because of the proximity of the stations to the dock (Stations 16, 17,
19, 20, 21, and 26), there were also stations far away from the dock with surface gravel
layers (Stations 33, 38, and 39; see Figure 2-12). Similarly, there were stations close to
the dock without continuous gravel layers (Stations 11, 12, 13, 14, and 15). In any event,
the presence of gravel increases the habitat diversity, providing a substratum for colonial
epifauna, including barnacles and bryozoans (Figure 2-13), macrophytes (Figure 2-14),
and suspension-feeding bivalves such as mussels (Figure 2-15). Many stations showed
armored surface layers of shell or gravel lag deposits, typical of areas experiencing strong
bottom currents (Figure 2-16).

Habitat conditions were typical of a nearshore, sandy bottom; there was no evidence of
an accumulation of fine-grained sediments or organic loading at any of the locations
sampled. A wide variety of fauna and flora were detected in the images, from worm tubes
and eelgrass projecting above the sediment-water interface to starfish, mussels, hermit
crabs, and invertebrate egg clusters found on both the sand and gravel bottoms

(Figure 2-17). The community in this area and in the shallower depths is obviously
adapted to high-energy regimes and frequent disturbances.
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Figure 2-7. Sediment profile image from Station 5; note the well-sorted,
medium sand with surface ripples and evidence of emerging eelgrass
fronds at the sediment-water interface. Width of image =15 cm
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Figure 2-8. Sediment profile image from Station 6; wood twigs and leaf
litter are very common in nearshore areas. Width of image = 15 cm
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Figure 2-9. Sediment profile image from Station 10; eelgrass fronds are
readily apparent projecting above the sediment-water interface.
Width of image =15 cm
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Figure 2-10. Sediment profile image from Station 11; both eelgrass and sea
lettuce (Ulva sp.) can be seen bent over from the current at this shallow
station (5 ft water depth). Width of image = 15 cm
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Figure 2-11. Sediment profile images from Station 18 (a) and Station 4 (b).
Note the uniform cross section of well-sorted sand in each image; the
greater SPI prism penetration at Station 18 is likely due to increased
bioturbation activity. Width of image =15 cm
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Figure 2-12. Sediment profile image from Station 39; note the uniform
surface layer of gravel that was most likely deposited due to natural
physical transport mechanisms. Width of image =15 cm
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Figure 2-13. Sediment profile image from Station 19 showing a layer of
gravel on the sand surface; note the colonial epifauna growing on the
surface of the gravel. Width of image=15cm
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Figure 2-14. Sediment profile image from Station 17; both barnacles and
kelp are utilizing the surface gravel layer as a substratum for growth.
Width of image =15 cm
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Figure 2-15. Sediment profile image from Station 21; the mussels on the
gravel surface provide a food source for larger foraging predators. Note
the tip of a starfish arm at the right edge of the image.
Width of image =15 cm
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EFigure 2-16. Sediment profile image from Station 25; the thick layer of
s hells from dead bivalves prevented any substantial penetration by the
sediment profile camera prism. Width of image = 15 cm
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Figure 2-17. Sediment profile image from Station 23; note the hermit crab

and the cluster of what are most likely squid eggs on the sediment surface.

Width of image =15 cm
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2.2.2.4 Sediment Chemistry

Sediment chemistry data were collected at six stations (Figure 2-1). The sediment
samples were analyzed for grain size, organic carbon content, and selected organic
concentrations and trace element contaminants. The measured contaminant
concentrations were compared to Washington State Marine Sediment Quality Standards.

The sediment organic carbon content and grain size data are presented in Table 2-3. The
samples were all coarse-grained, sandy sediments with relatively low organic carbon
content, ranging from 0.14 to 1.9 percent organic carbon.

Table 2-3. Sediment organic carbon content and grain size®

MI-SED-01 MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05 MI-SED-06

A° B’ F E c’ D*
Percent organic carbon 0.24 1.9 0.25 0.32 0.33 0.14
Total Solids 77.3 76.8 78 751 77.5 78
Gravel 1.3 14.9 8.3 3.7 6.8 2.2
Sand 96.3 81.1 89.3 91.5 88.6 94.7
Silt 1.2 2.7 0.9 2.8 3.2 1.8
Clay 1.2 1.4 1.5 2.1 1.2 1.3

All units are percent.
Letters correspond to sediment sample locations on Figure 2-6.

Sediment polycyclic aromatic hydrocarbon (PAH) concentrations are presented in

Table 2-4. In general, very low concentrations were measured, with the highest
concentrations measured in sample MI-SED-5. The sediment pesticide and
polychlorinated biphenyl (PCB) concentrations are presented in Table 2-5. All pesticide
and PCB concentrations were reported as not detected. In order to compare the PAH,
pesticide, and PCB concentrations to marine sediment quality standards, organic-carbon
nommalized sediment concentrations were calculated, and they are presented in Table 2-6.
The only concentration that exceeded the corresponding criterion was that of one

indi vidual PAH compound, fluoranthene, in MI-SED-05. It should be noted that the
magnitude of the organic-carbon normalized values is driven, in large part, by the low
organic carbon content of these sediments.

Sediment trace element concentrations are presented in Table 2-7. There were no
detected concentrations of arsenic, cadmium, or silver. The measured concentrations of
all trace elements were less than the corresponding marine sediment criteria.
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Table 2-4. Sediment PAH concentrations®

MI-SED-01 MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05 MI-SED-06
Naphthalene su 82U 8u 88U 82U 8U
2-Methylnaphthalene su 82U 8u 8u 82U 88U
Acenaphthylene 8U 82U 8 U 8u 11 8 U
Acenaphthene 8u 82U su 8u 82U s8uU
Fluorene 8uU 8.2U 8U su 82U 8u
Phenanthrene 8uU 29 8u 8U 54 8u
Anthracene su 24 8u 8 U 22 8u
Fluoranthene 12 140 8u 4.8J 790 s8u
Pyrene 6.4J 75 6.4 J 56J 450 8u
Benzo(a)anthracene 8U 24 8Uu s8uU 110 8U
Chrysene 8u 39 8u 8u 240 8uU
Benzo(b)fluoranthene 8uU 28 8U s8u 170 8u
Benzo(k)fluoranthene 8u 22 8uU 8u 130 s8u
Benzo(a)pyrene s8u 18 8uU 8U 86 s8uU
Indeno(1,2,3-cd)pyrene 8u 9.8 s8u s8uU 48 8u
Dibenzo(a,h)anthracene su 82U 8u 8u 9.9 su
Benzo(g,h,i)perylene 8U 734 8U 8u 38 8uU
Dibenzofuran gu 82U s8u s8u 82U 8u

NOTE: U - chemical was not detected; the value shown is the detection limit

J — value reported as an estimate

All units are pg/kg dry weight.
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Table 2-5. Sediment pesticide and PCB concentrations

MI-SED-01 MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05 MI-SED-06

alpha-BHC 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
beta-BHC 0.86U 0.88U 0.86U 0.86U ° 0.89U 0.86U
delta-BHC 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
gamma-BHC (Lindane) 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Heptachlor 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Aldrin 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Heptachlor Epoxide 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Endosulfan | 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Dieldrin 1.7U 1.8U 1.7U 1.7U 1.8U 1.7U
4,4-DDE 1.7 1.8U 1.7U 1.7U 1.8U 1.7V
Endrin 1.7U 1.8U 1.7U 1.7U 1.8U 17U
Endosulfan I 1.7U 1.8U 17U 1.7U 1.8U 1.7U
4,4'-DDD 1.7U 1.8U 1.7U 1.7U 1.8U 1.7U
Endosulfan Sulfate 1.7U 1.8U 1.7U 1.7U 1.8U 1.7U
4,4'-DDT 1.7U 1.8U 1.7U 1.7U 1.8U 1.7V
Methoxychlor 8.6U 8.8U 8.6U 8.6U 8.9uU 8.6U
Endrin Ketone 1.7U 1.8U 1.7U 1.7U 1.8U 1.7U
Endrin Aldehyde 1.7U 1.8U 1:7U 1.7V 1.8U 1.7U
gamma Chlordane 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
alpha Chlordane 0.86U 0.88U 0.86U 0.86U 0.89U 0.86U
Toxaphene 86U 88U 86U 86U 89Uy 86U
Aroclor 1016 17U 18U 17U 17U 18U 17U
Aroclor 1242 17U 18U 17U 17U 18U 17U
Aroclor 1248 17U 18U 17U 17U 18U 17U
Aroclor 1254 17U 18U 17U 17U 18U 17U
Aroclor 1260 17U 18U 17U 17U 18U 17U
Aroclor 1221 35U 35U 35U 35U 35U 34U
Aroclor 1232 17U 18U 17U 17U 18U 17U

NOTE: U - chemical was not detected; the value shown is the detection limit

* All units are pg/kg dry weight.
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Table 2-6. Organic carbon normalized PAH and pesticide concentrations

SMS

CRIERIA MI-SED-01 MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05 MI-SED-06

Naphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
Dibenzofuran

LPAH

HPAH

Total benzofluoranthenes

alpha-BHC
beta-BHC
delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan |
Dieldrin

4,4'-DDE

Endrin

Endosulfan I
4,4-DDD
Endosulfan Sulfate
4,4-DDT
Methoxychlor
Endrin Ketone
Endrin Aldehyde
gamma Chlordane

99
38
66
16
23
100
220
160
1000
110
110
na
na
99

12
31
15
370
960
230

3.33 U
333U
333U
3.33U
333U
3.33U
333U
5.00
2674
333U
3.33 U
3.33 U
3.33 U
3.33 U
333U
333U
333U
3.33U
20.00
34.33
6.67

0.36 U
036 U
036U
036U
036 U
036 U
0.36 U
036 U
071U
071 U
071U
071U
071U
071U
071U
358U
0.71 U
071U
036 U

043 U
043U
043 U
043 U
043U
1.53
1.26
7.37
3.95
1.26
2.05
1.47
1.16
0.95
0.52
043 U
0.38 J
043U
4.52
19.54
2.63

0.05 U
0.05U
0.05 U
0.05 U
005U
0.05 U
005U
0.05 U
0.09 U
0.09 U
0.09 U
0.09 U
009U
0.09 U
0.09 U
0.46 U
0.09 U
0.09 U
0.05 U

320U
3.20U
3.20U
3.20U
3.20U
320U
320U
3.20U
2.56J
3.20U
3.20U
320U
3.20U
3.20U
3.20 U
3.20U
3.20 U
320U
19.20
31.36
6.40

0.34 U
034U
0.34 U
0.34 U
0.34 U
0.34 U
0.34 U
034U
0.68 U
0.68 U
0.68 U
0.68 U
0.68 U
0.68 U
0.68 U
3.44 U
0.68 U
0.68 U
0.34 U

250U
250U
250U
250U
250U
250U
250U
1.50 J
1754
250U
250U
250U
250U
250U
250U
250U
250U
250U
15.00
23.25
5.00

0.27 U
0.27 U
027 U
027 U
027 U
027 U
027 U
0.27 U
0.53 U
0.53 U
053 U
0.53 U
053U
053 U
053 U
269 U
053 U
053 U
027 U

248 U
2.48 U
3.33
248 U
248 U
16.36
6.67
239.39
136.36
33.33
7273
51.52
39.39
26.06
14.55
3.00
11.52
248 U
33.82
627.85
90.91

027 U
0.27 U
0.27 U
0.27 U
0.27 U
027 U
027 U
027 U
055 U
055 U
055U
055 U
055 U
055 U
0.55 U
270U
055 U
0.55 U
027 U

5.71
571
5.71
5.71
5.71
571
5.71
5.7
5.7
5.71
5.71
5.71
5.71
5.71
571
5.7
5.71
571
34.29
57.14
11.43

0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
1.21
1.21
1.21
1.21
1.21
1.21
1.21
6.14
1.21
1.21
0.61

{ o=

ccecCcCcc oo eEoceoeCcoceoce

CCECEE e E R CicEC it & &

U
U
U
U
U

Vlenterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc 2

March 2000

34



Table 2-6, continued

SMS
CRITERIA MI-SED-01 MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05 MI-SED-06

alpha Chlordane - 036 U 0.05 U 034 U 0.27 U 0.27 U 061U
Toxaphene - 35.83 U 463 U 3440 U 26.88 U 26.97 U 6143 U
Aroclor 1016 - 7.08 U 095 U 6.80 U 531U 545 U 1214 U
Aroclor 1242 - 7.08 U 095U 6.80 U 531 U 545 U 1214 U
Aroclor 1248 - 7.08 U 095 U 6.80 U 531U 545 U 1214 U
Aroclor 1254 - 7.08 U 0.95 U 6.80 U 531U 545U 1214 U
Aroclor 1260 - 7.08 U 095U 6.80 U 531U 545U 12.14 U
Aroclor 1221 - 1458 U 1.84 U 14.00 U 1094 U 1061 U 2429 U
Aroclor 1232 - 7.08 U 095 U 6.80 U 531U 545U 12.14 U
NOTE: U - chemical was not detected; the value shown is the detection limit

J —value reported as an estimate

All units are mg/kg percent organic carbon

Table 2-7. Sediment trace element concentrations®

SMS criteria MI-SED-01  MI-SED-02 MI-SED-03 MI-SED-04 MI-SED-05  MI-SED-06

Arsenic 57 3U 3U 3U 3U 3U 3U
Cadmium 5 01U 01U 01U 01U 01U 01U
Copper 390 9.5 11.1 6.9 8.9 11.4 7
Lead 540 3 4 6 6 4 B
Mercury 0.41 0.01U 0.01U 0.02 0.02 0.02 0.01
Nickel na 31.2 29.3 25 34 33.3 25.5
Silver 3.3 02U 02U 02U 02U 02U 0.2U
Zinc 410 26.9 27.4 27.8 29.8 28.6 275
NOTE: U - chemical was not detected; the value shown is the detection limit

na — not applicable

All units are mg/kg dry weight

223 Conclusions

The nearshore environment off the southeastern portion of Maury Island in the vicinity of
the [_one Star dock was typical of nearshore, sandy bottoms in Puget Sound. One of the
most interesting features discovered through this survey was the submerged cusp
formation of the bottom topography. While it is impossible to state definitively what
caused this submarine topography, it does have implications for sediment deposition and
transport in the nearshore area. If source or current conditions were such that any fine-
grained material were to settle on the bottom, it would be more likely to do so on the
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crests where the kinetic regime is at its lowest as opposed to in the valleys of these
rhythmic formations.

Eelgrass beds were found in water depths shallower than 6 m (20 ft). The presence of
eelgrass has been mapped in two previous studies (Jones & Stokes et al. 1999; Jones &
Stokes and AR 1999) in the immediate vicinity of the dock. This survey provides a much
more comprehensive overview and shows the locations of major eelgrass patches over a
larger area. However, it is important to keep in mind that seagrass beds move over time
and shrink and expand seasonally (Fonseca et al. 1998); one-time surveys are inadequate
as a means of providing a thorough characterization of seagrass habitats. Bed form
migration, the presence of seed banks, annual population cycles, recent nonpoint source
anthropogenic impacts, as well as natural disturbance events can all affect the presence
and size of eelgrass patches. Given all of these caveats, the one consistent finding from
the three surveys in the immediate area of the dock is that there are no major eelgrass
beds directly at the dock face where the barges would be loading. The edge of the closest
large patch is 46 m (150 ft) southwest of the southern end of the dock.

The biological community, as interpreted from the SPI, is typical for a nearshore, sandy
bottom. This area appears to be a relatively high-energy environment, as evidenced by
the lack of accumulation of fine sediments in the area surveyed; frequent disturbance
from land runoff, as evidenced by leaf litter and twigs; gravel deposits, both
anthropogenic and storm-generated; and currents. A wide variety of fauna and flora was
present both on the sand and gravel areas of the bottom, and there appeared to be no
substantial adverse affects to any bottom communities from past commercial activities.
The sunken barges and vessel off the southern end of the dock, while definitely an
anthropogenic disturbance, appeared to have had the same long-term effect as that of the
gravel deposits off the end of the dock: increasing habitat niche diversity by providing
increased surface area upon which new organisms can grow.

2.3 NEARSHORE FISHERIES RESOURCES
2.3.1 Expected Fish Community

The aquatic habitats in the study area are fairly typical of the nearshore, non-estuarine
environments that are present in many areas of south central Puget Sound (Evans-
Hamilton and D.R. Systems1987; PSEP 1992). Most nearshore species that reside in
Puget Sound can be expected to occur in the study area at some time. Table 2-8 presents
a list of fish species that have been identified in the study area (Associated Earth Sciences
[AES] 1998; Jones & Stokes and AR 1999) or are species managed by the State of
Washington and likely to reside in the study area (Lemberg et al. 1997; Palsson et al.
1997).
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Table 2-8. Managed fish species that have been identified
in the study area or are likely present

IDENTIFIED HABITAT USE
INSTUDY  SPAWNING JUVENILE ADULT
COMMON NAME SCIENTIFIC NAME SPECIES STATUS" AREA AREA REARING  RESIDENT
Salmonids
Chinook salmon Oncorhynchus Declining/ 'S &°
tshawytscha Threatened”
Coho salmon Oncorhynchus kisutch Declining &°
Pink salmon Oncorhynchus gorbuscha Stable &°
Chum salmon Oncorhynchus keta Stable &°
Steelhead trout Oncorhynchus mykiss Declining &°
Cutthroat trout Oncorhynchus clarki Declining ¢°
Sea Perch
Pile perch Rhacocheilus vacca Below Average TS r's P P
Striped sea perch Embiotoca lateralis Unknown ¢ * ® ®
Shiner perch Cymatogaster aggregata Unknown 7S ® P P
Cods
Pacific cod Gadus macrocephalus Critical/Candidate® ®
Pacific hake Meriuccius productus Critical/Candidate® @
Walleye pollock Theragra chalcogramma  Critical/Candidate® ®
Greenlings
Painted greenling Oxylebius pictus Very Poor ¢ ¢ & P
Whitespot greenling Hexagrammos stelleri Very Poor ¢ & ¢ S
Kelp greenling Hexagrammos Very Poor ¢ ® 'S
decagrammus
Lingcod Ophiodon elongatus Below Average ¢ 7S ¢ S
Rockfish
Copper rockfish Sebastes caurinus Below Average/ ¢ ¢
Candidate®
Brown rockfish Sebastes auriculatus Below Average/ 'Y ¢
Candidate”
Sculpins
Cabezon Scorpaenichthys Above Average 'S ¢ ¢ PY
marmoratus
Buffalo sculpin Enophrys bison Above Average ¢ 'S 'S
Great sculpin Myoxocephalus Above Average & 'S V'S
polyacanthocephalus
Other sculpins Cottidae Above Average s ¢ ¢ r'S
Flatfish
English sole Pleuronectes vetulus Unknown P ¢ P
C-0 sole Pleuronectes coenosus Unknown ¢ 'S ¢
Stary flounder Platichthys stellatus Unknown ¢ ® 'S
Sanddab Citharichthys spp. Unknown ¢ ¢ P
Dover sole Microstomus pacificus Unknown S ¢
Rock sole Pleuronectes bilineatus Unknown ¢ &
Sand sole Psettichthys Unknown P *
melanostictus
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Table 2-8, continued

IDENTIFIED HABITAT USE
INSTUDY  SPAWNING JUVENILE ApuLT
COMMON NAME SCIENTIFIC NAME SPECIES STATUS" AREA AREA REARING  RESIDENT
Forage Fish
Pacific herring Clupea harengus Healthy/ * ® ¢ ®
Candidate®
Sand lance Ammodytes hexapterus  Unknown ® P PS P
Surf smelt Hypomesus pretiosus Unknown ¢ 'S ¢
Tube snout Aulorhynchus flavidus Unknown ® 'S ' *
Crescent gunnel Pholis lasta Unknown DS * ® P
Snake prickleback  Lumpenus sagitta Unknown ¢ ¢ ¢ P
Cartilaginous Fish
Spiny dogfish Squalus acanthias Above Average ® S
Ratfish Hydrolagus colliei Unknown P ¢
Skates Raja spp. Unknown P
Other Fish
Sablefish Anaplopoma fimbria Critical ¢
= WDFW stock status
b

Federal ESA listing
Although limited rearing may occur, the area is likely used primarily as a migratory corridor

€

Six anadromous salmonid species are expected to be present in south central Puget Sound
(Table 2-8). The four Pacific salmon and steelhead spawn in natal streams of the central
Sound and use the study area as a migratory corridor during Jjuvenile outmigration to the
ocean and adult spawning migration to natal streams. No natal streams for Pacific
salmon and steelhead are known to exist on Maury Island. Three small streams on
Vashon Island contain runs of coho salmon—an unnamed stream which drains to Tramp
Harbor, Judd Creek which drains to Quartermaster Harbor, and Needle Creek which
drains to Fern Cove. These streams are 11, 12, and 24 km (7,7.5, and 15 mi) from the
study area (Schneider 2000). Jones & Stokes and AR (1999) documented juvenile
chinook:salmon in the study area at low densities. The low densities observed by Jones
& Stokes and AR (1999) are consistent with other studies that indicate that the greatest
use of nearshore habitats occurs in estuaries proximal to natal stream mouths. In these
latter areas, juveniles complete the smoltification process to adult stage before entering
freshwater (Miyamoto et al. 1980; Meyer et al. 1980; Shepard 1981). Both juvenile and
adult Pacific salmon and steelhead likely use the study area only transitionally.

Mileta Creek, which drains to Quartermaster Harbor approximately 10 km (6 mi) from
the study area, is the only stream on Maury Island that contains populations of resident
and sea-run cutthroat trout. Several other streams on Vashon Island including Jod Creek
Needle Creek, Fisher Creek, Judd Creek, Beals Creek, and several unnamed streams
contain populations of resident and sea-run cutthroat trout. Several of these streams are
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located between 6 to 8 km (4 to 5 mi) from the study area (Schneider 2000).
Anadromous cutthroat trout do not migrate to the open ocean, rather, most remain in
shallow nearshore beach environments of less than 3 m (9 ft) in depth (Johnston 1982).
Jones (1976) found that the species preferred shorelines and were reluctant to cross
bodies of water between 3 and 8 km (2 and 5 mi) in width. Although sea-run cutthroat
trout were not observed in the study area, island spawning populations could use the
study area as both a migratory corridor and forage area.

The sea perch listed in Table 2-8 are shallow water residents of Puget Sound and reside in
bays and estuaries (Hart 1973), likely using the study area for spawning, juvenile rearing,
and adult residence. Jones & Stokes and AR (1999) and AES (1998) documented three
species of sea perch in the study area that are usually associated with pilings and
seagrass. The latter study qualitatively classified shiner and pile perch as “common” in
abundance. These findings are consistent with the known behavior and habitat
requirements of the fish. All of the species are associated with docks, piers, jetties, and
other nearshore structures in Puget Sound (Palsson et al. 1997). Although some offshore
movement may occur during the winter, the three species listed on Table 2-8 are not
known to migrate and so are likely year-round residents of the study area (Hart 1973).

Lingcod and greenlings are common demersal fish of Puget Sound, occupying rocky
shores, reefs, pilings, and eelgrass beds from the intertidal zone up to -50 m (-164 ft) for
greenlings and from the intertidal zone to -400 m (-1,313 ft) for lingcod (Hart 1973;
Eschmeyer et al. 1983). The pilings, sunken barges, and eelgrass beds present within the
study area likely provide suitable habitat for spawning, juvenile rearing, and adult
residence. Jones & Stokes and AR (1999) observed two white-spot greenlings and one
painted greenling in the study area, while AES (1998) reported lingcod (number not
specified). None of the species are known to migrate extensively and so are likely year-
round residents in the study area (Hart 1973).

About 20 species of rockfish are present in Puget Sound, but the copper and brown
rockfish are among the most common in the south Sound (Palsson et al. 1997: Bargmann
1984). Copper and brown rockfish are common to shallow bays and rocky areas from the
intertidal zone to -130 m (-427 ft) (Eschmeyer et al. 1983). The pilings and sunken
barges present within the study area likely provide suitable juvenile rearing and adult
habitat.

Jones & Stokes and AR (1999) qualitatively classified the abundance of brown rockfish
as “common” and the copper rockfish as “occasional” in the study area, both associated
with the pilings. AES (1998) reported rockfish near the sunken barges. Tagging studies
suggest that older fish may move to offshore waters but do not move far from chosen
locations (Mathews and Barker 1983). Overall, studies suggest that, at the least, juvenile
and subadult rockfish would utilize the study area year-round. Spawning likely occurs in
offshore waters outside of the study area.
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Pacific cod, walleye pollock, and Pacific hake are three cod-like species that were once
common in Puget Sound, but have undergone drastic declines over the past 20 years.
Although the three species have not been observed in the study area, they have been
documented in nearshore areas with similar habitats. Pacific cod and walleye pollock are
known to spawn in Dalco Passage, located approximately 5 km (3 mi) southwest of the
study area. Pacific cod have also been observed by Washington Department of Fish and
Wildlife (WDFW) biologists to spawn in waters 18 m (60 ft) deep off of Rosehilla,
located 2 km (1.2 mi) southwest of the study area. Pacific hake are known to spawn
primarily in Port Susan located approximately 80 km (50 mi) north of the study area, but
juvenile and adult hake have been documented in nearshore and offshore areas
throughout south Puget Sound (Palsson 2000).

Sculpins are demersal fish species common to Puget Sound and several occupy nearshore
areas (Hart 1973). Buffalo sculpin and cabezon are two of the largest species and are
found from the intertidal zone to about -75 m (-246 ft). Both are known to spawn in very
shallow water; migratory movements are not known to occur (Hart 1973; Eschmeyer et
al. 1983). Jones & Stokes and AR (1999) reported the abundance of buffalo sculpin as
occasional and reported one cabezon. Other unidentified sculpins were classified as
common in abundance. The habitat requirements of the various sculpin species found in
Puget Sound indicate that spawning, juvenile rearing, and adult residence is likely to
occur in the study area.

Many flatfish species are present in Puget Sound, and several occupy soft to sandy
environments in very shallow water, particularly as juveniles. English, rock, and Dover
sole show this behavior of young fish residing in the nearshore with larger adults moving
offshore. Offshore movement in the winter is apparent for English and Dover sole (Hart
1973). Jones & Stokes and AR (1999) found four flatfish species in the study area;
English sole were classified as common, and C-O sole, starry flounder, and sanddabs
were classified as occasional. Studies indicate that except for possible offshore
movement during spawning periods and the winter, flatfish species likely use the study
area for juvenile rearing and adult residence year-round.

Pelagic forage fish, such as the Pacific herring, sand lance, and surf smelt, spawn in
distinct nearshore areas year after year. All three species are known to spawn in the
vicinity of the study area. The Quartermaster Harbor herring stock, one of 18 distinct
herring populations in Puget Sound with distinct spawning periods, spawns in
Quartermaster Harbor between January and mid-April (Lemberg et al. 1997). Normally,
spawning is limited to the harbor, but during large year classes, spawning extends around
the harbor mouth to near the study area. Since 1975, herring spawn has been documented
in the study area on two occasions—1975 and 1995 (WDFW). During 1995, the
spawning biomass of herring was estimated to be 2,001 tons, the highest on record. The
spawning biomass was not available for 1975 (Lemberg et al. 1997). During several
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other large spawning year classes, spawning herring have been documented to extend
around Piner Point but not up to the study area (Schreffler and Moursund 1999).

Similar to herring, surf smelt and sand lance spawn in or near the study area, although it
is not known if discrete spawning stocks exist. Jones & Stokes and AR (1999) observed
large schools of sand lance in the study area.

Demersal forage fish species such as tube snout, crescent gunnel, and snake prickleback
are year-round intertidal and nearshore subtidal residents likely using the study area for
spawning, juvenile rearing and adult residence. Tube snout and gunnel are often
associated with marine macroalgae (Hart 1973). Jones & Stokes and AR (1999) reported
the tube snout and gunnels as common in abundance, while one prickleback was
observed.

Dogfish, rays, and ratfish are not associated with nearshore habitats but occasionally can
be found in shallow water, probably associated with feeding (Hart 1973; Eschmeyer et al.
1983). This observation is consistent with Jones & Stokes and AR (1999), which
reported one dogfish and one ratfish in the study area. Similarly, sablefish are an open-
water coastal fish, but migratory juveniles are found in Puget Sound. The species has
occasionally been observed to occupy nearshore areas of the Sound, although none have
been observed in the study area (Palsson et al. 1997).

As shown in Table 2-8, the status of many of the species potentially present in the
nearshore area is not known. Very little stock assessment data are available to analyze
populations, particularly with the decline of commercial and recreational catches, which
provide major sources of data. Of those species for which sufficient data are available,
ten fish species have below average or declining populations, and only five species have
stable to healthy populations. Of the salmonids that use central Puget Sound streams,
only pink and chum stocks are stable. Chinook stocks have declined such that they were
recently federally listed as Threatened. Several Puget Sound coho salmon and steelhead
trout stocks are in decline. Overfishing and stream habitat degradation are the most often
cited causes for declines (Spence et al. 1996).

Similarly, rockfish and greenling populations are considered to be in very poor condition,
while lingcod populations in the south Sound are considered stable. It is not known why
these populations have declined, and stock assessment data quality is considered poor.
Sculpin populations appear to be increasing. Sablefish populations in the south Sound
are critically low; but this is a coastal stock of migratory juveniles, and it may be affected
by regional oceanic variables (Palsson et al. 1997). The Quartermaster Harbor herring
stock is considered healthy, although Sound-wide populations are declining. The stock
status of surf smelt and sand lance is not known because of poor assessment data
(Lemberg et al. 1997).
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2.3.2 Marine Mammals

Marine mammals that can be present off Maury Island include harbor seals (Phoca
vitulina); California and Steller sea lions (Zaloplus californianus and Eumetopia jubatus);
killer (Orcinus orca), gray (Eschrichtus robustus), minke (Balaenoptera acutorostrata),
and humpback whales (Megaptera novaengliae), and Dall’s (Phocoenoides dalli) and

harbor porpoise (Phocoena phocoena) (Jones & Stokes and AR 1999; Calambokidis pers.
comm. 1999).

Harbor seals are common in the vicinity of Maury Island. However, there are no harbor
seal haulout areas near the Lone Star dock; the nearest is on Gertrude Island several miles
away (Jones & Stokes and AR 1999; Calambokidis pers. comm. 1999). Harbor porpoises
and killer, gray, minke, and humpback whales are rare in south central Puget Sound
(Calambokidis pers. comm. 1999). Because of its benthic habitat and fish resources, it is
likely that the Maury Island nearshore area provides feeding habitat for marine mammals,
but this area is not critical or unique in providing such habitat (Evans Hamilton 1987;
PSEP 1992).

2.3.3 Critical Habitat

Sections 2.2 and 2.3.1 provide descriptions of the nearshore habitats, fish presence, and
likely fish usage in the study area. The assessment indicates that the study area is
composed of aquatic habitats and a fish community that are fairly typical of many
nearshore areas of Puget Sound. In order to determine whether project-related activities
affect fish populations, it must be ascertained whether the study area provides critical
habitats necessary for the survival and maintenance of a fish population or discrete
geographical stocks as they currently exist. According to Washington Administrative
Code (WAC) 220-110-285: “Critical food fish and shellfish habitats...are those habitats
that serve an essential function in the developmental life history of fish or shellfish.
These habitats include but are not limited to the following:

(a) Pacific herring, surf smelt, Pacific sand lance, and rock sole spawning beds;
(b) Intertidal wetland vascular plants (except noxious weeds);

(c) Eelgrass (Zostera spp.);

(d) Kelp (Order Laminariales);

(e) Lingcod settlement and nursery areas;

(f) Rockfish settlement and nursery areas;

(g) Juvenile salmonid migration corridors and rearing and feeding areas.”

By the definition provided in the Washington Administrative Code, the study area
contains critical habitat for fish species of Puget Sound. As reported, eelgrass beds;
spawning grounds for herring, sand lance, and smelt; salmonid migratory corridors; and
lingcod and rockfish nurseries have been documented in the study area. However, the
task undertaken by this Nearshore Impact Assessment is to assess the potential for
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impacts to the nearshore area from proposed dock and shipping operations associated
with gravel mine expansion. This assessment evaluates impacts in terms of their
potential to disrupt the maintenance of fish populations or the population of discrete
geographical stocks as they currently exist. This definition is essentially the same as that
used under the Endangered Species Act of 1973, as amended:

The term “critical habitat” for a threatened or endangered species means
(i) the specific areas within the geographical area occupied by the species,
at the time it is listed in accordance with the provisions of section 4 of this
Act, on which are found those physical or biological features (I) essential
to the conservation of the species and (II) which may require special
management considerations or protection; and (ii) specific areas outside
the geographical area occupied by the species at the time it is listed in
accordance with the provisions of section 4 of this Act, upon a
determination by the Secretary that such areas are essential for the
conservation of the species. (B) Critical habitat may be established for
those species now listed as threatened or endangered species for which no
critical habitat has heretofore been established as set forth in subparagraph
(A) of this paragraph. (C) Except in those circumstances determined by
the Secretary, critical habitat shall not include the entire geographical area
which can be occupied by the threatened or endangered species.

Using the ESA definition of critical habitat, while the nearshore area of this project does
provide habitat that supports a variety of marine biological resources, including listed and
candidate fish species, it is not essential to the conservation of species or maintenance of
existing populations.

The geographic distribution of habitats and species in Puget Sound, such as forage fish
spawning beaches, groundfish areas, salmonid migratory corridors, and eelgrass and kelp
beds, indicates that habitats found in the study area are widely available throughout Puget
Sound (Evans Hamilton 1987; PSEP 1992). Overall, the fish surveys conducted in the
study area, known habitat requirements, and stock assessment studies indicate that the
study area does not provide habitats essential for the conservation of fish populations or
discrete geographical stocks in Puget Sound.

For the salmonids, critical rearing habitats are in estuaries of natal streams, which are not
present in the study area (Shepard 1981). For Vashon and Maury Island sea-run cutthroat
trout populations, the likely critical habitat would be the nearshore, shallow beach
environments around the two islands (Schneider 2000). This area totals about 70 km

(44 mi) of nearshore environment, while the study area totals less than 1 km (0.6 mi).

For Pacific herring, spawning has been documented in the study area in only 2 years
between 1975 and 1997, likely the result of large year classes (WDFW). The critical
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spawning habitats where the bulk of annual spawning occurs is in Quartermaster Harbor
(Lemberg et al. 1997).

Surf smelt and sandlance, both of which spawn near or in the study area, have spawning
areas that are distributed throughout Puget Sound. Surveys have documented 193 km
(120 mi) of spawning habitat for sand lance and 314 km (195 mi) for surf smelt in Puget
Sound (Lemberg et al. 1997). As reported, the study area occupies less than 1 km

(0.6 mi) of beach environment that may be used by spawning surf smelt and sandlance.

Rockfish appear to be common inhabitants associated with the structures within the study
area. However, demersal habitats with natural or artificial structures are found
throughout Puget Sound (Evans Hamilton 1987; PSEP 1992) and spawning is not
expected to occur within the study area.

The cod-like species, which have not been documented in the study area, have been
observed in both nearshore and offshore habitats within Puget Sound. Nearshore habitats
are not critical to the survival of these species. In addition, major spawning areas are not
associated with the study area (Palsson 2000).

The demersal forage species, sea perch, and sculpins inhabit and reproduce in nearshore
areas throughout Puget Sound and do not have specific geographical spawning areas or
estuarine requirements (Evans Hamilton 1987; PSEP 1992).

2.3.4 Federally Listed Fish Species

On March 24, 1999, the Puget Sound chinook salmon was listed under the Endangered
Species Act (ESA) as Threatened. On June 23, 1999, seven additional species were listed
as candidate species for listing. These species are the Pacific herring, Pacific cod, Pacific
hake, walleye pollock, brown rockfish, copper rockfish, and quillback rockfish. Species
listed as candidates are not afforded protected status under ESA but will be further
evaluated to determine if listing and federal protection are necessary. Because of the
federally protected status of listed species and the concern associated with candidate
species, an extended biological profile is provided, including a determination of whether
a species is present in the study area. Tables 2-9 through 2-14 present stock status,

habitat requirements, study area habitats, and the likelihood that the species inhabits the
study area.
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The following summarizes the ESA evaluation regarding the potential presence of these
species in study area:

Puget Sound chinook salmon (threatened)

« Juvenile chinook salmon is the lifestage most likely present in the study area
and has been documented in small numbers. Juveniles and adults use the area
primarily as a migratory corridor.

« Natal streams are not known to occur on Vashon or Maury Island. Estuaries
of natal streams hold the highest densities of both juvenile and adult fish in
Puget Sound.

«  The nearest natal stream and estuary is 10 km (6 mi) to the south of the study
area.

Pacific herring (candidate)

« Nearby Quartermaster Harbor is a spawning area for a discrete stock of
Pacific herring.

+ Spawning in the study area occurs infrequently. Spawning has been
documented on nearshore vegetation in the study area during 2 separate years
between 1975 and 1997.

+ Juvenile and adult herring likely reside in the study area on a regular basis.
Brown, copper, and quillback rockfish (candidates)

« Brown and copper rockfish are the most common species in south central
Puget Sound and have been documented in the study area.

«  The sunken barges and dolphins likely provide attractive habitat. Large

juveniles or adults are likely year-round residents while spawning occurs
offshore.

Pacific cod (candidate)

 Pacific cod have not been documented at the site, but have been documented
in nearby nearshore areas with similar habitat features.

» Adults are associated with both nearshore and offshore areas.

+ Cod spawn in Dalco Passage and have been observed off Rosehilla about 5 to
8 km (3 to 5 mi) from the study area. The bulk of spawning in Puget Sound
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occurs in Agate Passage and Port Townsend Bay, located about 45 and 85 km
(28 and 53 mi), respectively, north of the study area.

*  Spawning adults, larvae, and juveniles appear associated with embayments
and nearshore areas.

Pacific hake (candidate)

«  Pacific hake have not been documented in the study area, but have been
documented in nearshore areas with similar habitat features.

+ The study area is not near known hake spawning areas, but juvenile and adult
fish have been documented in both nearshore and offshore waters.

« No information was found regarding the early life stages of hake in Puget
Sound.

Walleye pollock (candidate)

« Pollock have not been documented in the study area, but juvenile and adult
fish have been documented in both nearshore and offshore waters.

+ Dalco Passage has been identified as a spawning area for pollock.

»  Although little information is available, Puget Sound populations of walleye
pollock are associated with both nearshore and offshore habitats.

\lenterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc -
March 2000 46



'sjoasuel)
iualeyip 831y} Je UoW[es YoOoulyd SJIUSANI 1Noj PAJUBLLINOOP 666 | Ul PEIONPUOD SEM Jey} S18AIp Buisn Asains jeyqey y o
“181d 8y} Jo }semyInos AjajelpaluLl pajeoo] Ie S|9SSaA Ue)UNS OM] e
1a1d 8y} Jo yinos Ajejelpewiwul pajenyis si syool pue sBoj jo ejid suqep y e
"eale Apnis ey} Jo JeuIod Jseayuou ey} uj Juasaid si Buoj (1 00z) w 19 Inoge
jo eale Jayjo euo pue ‘1aid 8y} jo apis Jayye uo Juesaid are (4 ¥5) ,w G noqe jo saydjed Jajjews om] -seid Buysixe
8y} 40 Isemyinos (i 00S) W g51 INoge eale Apnis ey} Jo JBLIOD JSBMUINOS BY) Ul pajenyis S| pue Buoy (Y 00s) W zg)
Ajajewixoidde s) eaue jsebiej ay) MTIN (4 02- PUB 2-) W g- 0} W 9°0- U9aMIaq paAlesqo elem sseib|as Jo seale IN04 e
"desp (i 0% 01 02) W g1 0} w g woiy pabuel
sBuid pue seid Bupsixe sy} jo ebpa syj Jesu seary ‘Ajpides sdoip yidep Jajem “Spew (Y £1-) W G- oyj woid MTIN
(4 £1-) w G- noge o} (i 00z 01 05 1) WY 0} W gy Io} Ajlenpeib sadojs eoysieau sy} ‘(M W 0) YoBsq BYI WOI]  »
"MTIN
(4 0G- Pue 0-) W G|~ pUB W £- UBBMIE] SEBIE [BPIGNS S)eledas B8y} pUE BUOZ [epiuejul auj uj Juaseald aie sjuswiIpes
198180) 'Spues paueib-as1e00 Jo sease yum spues paurelb-auy o} -wnipsw Ajuewnd si sjessqns eaie Apnjs ay 1 e

‘saysisjoeseyo [eaisAyd Buimoljoy ey} ejedipul 6661 Ul palonpuod saipnis Buibew epyoid juswipes pue Jeuos uess-apiS

sadfy
leliqey ease Apnis ‘g

"eale Apnjs ayj Jo yinos (sejiw g) wy g1 ‘JeAly dnjiedng ay si
Weals [ejeu §sas0jo 8y] “puels| AInejy 10 UOYSEA UO N0 O} UMOUY 88 UOWIES ¥0Ooulyd punos 1abng 10} sweals [ejeu oN
eale Apnig

‘punog 18bnd uisjseayinos
ur yloq ‘eju] usno] o} sabireyasip yojym ‘yeai) Apauuay| pue 4oju| Aejsiewwen o} sabieyosip yoiym ‘Y9219 ybnologpjon
uljuesaid ese $o0}s |lews A1ep -uiseg AjjenbsiN ey} o jseayinos (sejiw §) W S| [BUOHIPPE UE Pajedo] eny sajnyoseqg

U} u jussaid s xjo0ls Jews v Bale Apnis ey} Jo YINos (sejiw Zg) W S Inoge pajeoo) ‘uiseg Ajjenbsiy ey} pue eale Apnis
8yl Jo yinos (sajiw g) wy 0| peyeoo] uiseq Jaaly dnjeAng ey} ui umeds uowies sooulyo punos jabnd jo syoojs ejeledag
punog 196nd yinog

¥003s Juaung g

6661 ‘v Uolep — 1oy se10adg patebuepul euy) Japun pausiesiy] Se pajsi]
ajep ‘Bunsi| jo edA)

Buns)) savads °|

uouwies yoouiyd punos jabnd - uonenjeas sajoads pasabuepuy "6-z ajqel

\lenterprise\evsi®vs_projects\2527-02 maury Isrand\delivsﬁmpacts\impacl.doc

47

March 2000




'sy9am g| jo Auenjsa Jad swiy souspisal abelane
eyl yum ‘Arenise ayy uodn Buipuadsp ‘Ainp-piw o} Arenigad-pi wouy sinaoo Ajjesausb sajiuaAn] yooulyo e} jo uoneiBiung
Bujwiy

‘ymolb ueatjubis ygiyxe uowes yooulyo ‘buuess sulen)se

Buung -sweaJis [ejeu jo syINoW ey} Je sjuswAequia SULENISS U] PUNO) BB UOLW[ES Yooulyd ajiuaan| jo suonebaibbe

Isebie| oy sisjem Jedesp 0} AjanissaiBoid enow sejiuaan| Jebie| a|iym ‘seale aioysul asn sejiuaAn Jajlews Jey) sjeaipul 0}
80UBpIAG S 818 "PalUSWINOOP Uss( 0S|k aAey Sajellsqns payoed ‘Yos 10} saoualajeld "pnw 1o ‘pues ‘jaaelb jo sejelisqns
Ylim JsjawW e JOAO 0} SI9JaWIjus0 Ma) B Jo siajem U| AjeAlsus)xe Seale auljaI0ys asn Yoouyo a|luaAnl Jey) UMOYS 8ABY SaIpn}s

sjuswsalinbal

elqeH sjjuaAnp g
"ysij }npe Aq lopuiod Aiojeibiw se pasn aq Ajuo pjnom eale Apnjs ey} ‘pue|s| Ainep
JO UOYSEA UO INJD0 0} UMOUY 8l SWeal)s [ejeu ou 8oUlg ‘pajuswnoop uaaq jou sey ysiy ynpe Aq eale Apnjs ey} jo asn)
BaJE 8JoYsiesu Jo asn }npy
laquis}dag ybnoiy) Aepy woyy sweans Buiumeds o} fem
8y} uo ayis ay} ssed ysy Jjnpe esal] ‘punosg }abngd yinos uj sweals [ejeu 8sn UOW|ES 00UIYD Jo SaljeueA |ie) pue Buudg
uoseas bujumeds
‘pue|s] uoysep Jo Aunepy uo JN0D0 SWEeal}s UoLW[es O "SulSeq Weels
Jo|[ews Jayjo |e1anas pue “jeel) Apauusy Heel1) ybnologsp|on “UsalY senyaseq eyl epnjoul punog jebng yinos ul uowes
jooulyo jo suonejndod Jejjews Yim sweals 'suiseq Jaaly Ajjenbsiy pue ey dnjedAnd sy epnjoul Aemyied Aiojeibiw sy
uIypIm swieels sjooulya [ejeu ebie “sapiaoe joafoid pasodoid jo Ayuioia eyy Ui 1nooo sjelqey Bulumeds uowljes yooulyo oN
1.1qey Bujumeds Bujumeds ‘y

panunuos ‘6-g ajqeL

\\enterprise\evs\evs_projects\2527-02 maury island\delivenimpactsimpact.doc

48

March 2000



1861 Piedays 0861 '|e 1 oloweAl ‘0861 ‘2261 ‘[e 12 J9|IN ‘0861 ‘(B 18 Joke| ‘2861 ‘0861 AejeaH :§304N0os

"Swealjs [ejeu JO SUINOW 8y} Je S1alem auuen)sa ul Inooo seale esn-Aneay

8say] ‘uowles ajiuaAn( jo uoneiBiuino sy Buunp eese Buyess Jofew e se pasn eq o} pajoadxa jou si eale Apnis sy ‘sisixe
teliqey poob ybnouylly "punoi-resh siequinu fjews uj ease Apnis ayy asn Ajed)| uowles sjlusAnp ‘punos jebng ul pajonpuod
selpnis piuowies ejiuaAn! feuoiBel ey} yim juslsisuod Jesdde saipnis Jeliqey [007 "S8IISUSP MO| Ul UOW[ES 8]iusAn|
Pajuawinoop skanins Bulalp 1sele| ey} pue ‘eale Apnjs au} ul juesaid aq o} Jeadde uowes a|luaAn( Jo sjeliqey pauayald
"gale Apnis ey} uj juasaid Ajed)| 1sow ebejsay| 8y} sI SIY) 1By} SSJEDIPUI LOWES 300ulyD 8jiuaAnl Jo uoiejusLIO aloysieau ay |

asn gale
Apnis jo pooyeyr °9

panunuod ‘6-g ajqeL

\lenterprise\evs\e@vs_projects\2527-02 maury island\delivenimpacts\impact.doc

49

March 2000




MTIN

(4 0S- pue O1-) W G- pue £- UsaMlaq seale [epiqns ajesedas B3Iy} pUB BUOZ [BPIUAIUI BY) Ul Jussald ele SjusIpas
lesieo) ‘spues pauleib-ss1e0o Jo seale yym spues paulelb-aul 0} -wnipaw Ajuewud s ejelisqns eale Apmjs ay| e sadfy
‘solsueioeseyd [eaisAyd Buimoljo} ey} sjedipul 6661 Ul palonpuod seipnis BuiBewr ejijoid JuswwIpas pue JeuoS UBdS-apIS lejiqey eate Apn)s g

"suo} 09€l :(L661-€661) Ssewoiq ueaw Jesh-g -
'SU0} gEZ| :ssewoiq uesw Jeak-1g -
_ JuspIAS
8Je sauljosp wisl-buoj ou ‘2661 0} 2261 Woly ‘MJAM Aq Aylleay paiapisuod si yools Buuley JoqueH Jajsewlspeny) e
‘sieaf g
1sed ey} Jan0 ysabiel paiy) ‘sieeh 0z ised ays sono punog Jebng ul jsebie| yyy s) yoos Buuiey JoqieH Jejseuwnapeny) e
*SU0j} L00Z O} Z99 woyy pabues ssewoiq uopejndod ‘/66] pue //6] Usemieg e
‘eale Apnys sy} jo abipa ey} o) puels] Ainepy
LIBYINOS punoJe pue JogqueH Jejsewspeny) Ul Sumeds Jey) 4oojs sja1osip e s uoljeindod Buyiay JoqieH Jejseuuspenyy e

eale Apnig m 3
*(8ouspljuod yum smejs 3o0s Ajuapl 0} Blep JUSLISSSSSE JUBIoIYNSUL) UMOUNUN S| | — W
"(pasinooo g
Apeaije sey o Ay si yoois ey} 0} eBewep jusuewuad Jey} Mo 0S BOUBPUNGE JUSISJ) [BORLO PAISPISUOD BIB 2  — 5
“(A1exy s130018 8y} 0} S
abewep jusueuuad Jey) mo| os Jou Jnq uesw wis}-Buol mojaq ||om sduepunge Jusoss) pessaidep paiopisuod ele g - m
"(uesw Jesh-0g oyl Jo Jusdiad Qg UIYIM souBpuUNge JA-2) Ayyesy A|ejeiepow paiepisuocd el £  — m
“(uesw Jesf-0z sui jo Jueoiad gL ulyim eouepunge JA-g) Ayleey paispisuco ale ;  — m.
:sease Bulumeds [enuue Jo uoneo| ey Aq paulep aie syo0}s punog 1eBng ui jussaid ale syoojs Buliey elesosIp gL e g
punos jabng }201S LNy g ]
=
o
7
6661 ‘€2 aunp — 1oy seiadg palebuepug ay) Japun sajoads ajepipuen) e se palsi] .w
ajep ‘Bupsi) Jo adAy Bunsi| seipadg °| M
2
3 8
m:_._._m_._ ol}ioed — uoljenjeaa sajoads patabuepuz -g1-g o|gel .m. m
- O



"eale Apnis ey} u punoy aq Jo Buuisy JoqueH Jsjsewlapeny) yim ajbui Aew s300}s punog jabngd jeianes wouy

Butiay yey; Ajexy s it ‘Ajwixoid ayy ueals) “punos 3ebng Inoybnouy; Ajepim enow Asy) Jey) sejejnoads p4aM “UMOUNUN
Ajebue) a1e sueyed juswaow Jnqg Juepisal paiapisU0d S| ¥I0}s Buiiey soquey seiseulspeny) ey} ‘spousad Bulumeds-uou
Buung (4 021 pue 06) w £g pue w /g ussmiaq Buipises Ajjeiauab ‘eyem dasp yum pajeosse ale ysy Bulumedsalyg “puels
Ainepy weyinos punole seale 8I0YSHO pue J0gIeY 8y} JO Lnow ey} Buoje eyefiaibuos synpe Bujumedsaid ‘Buiumeds o} Joug
Bale aioysieau Jo asn }npy

's1eaf Jayjo [eianes Buunp eale Apnjs ay) Jeau

0} juiod Jauld punose papuajxa Buiumeds pue ‘ease Apnis ey} ul pejuswnoop sem Bujumeds ‘G661 pue G/6L U] "eale Apnjs
ay} jo ebpa ayj 0} Aeq 8y} Jo Jno spuaixe Bujumeds ‘sesseo Jeak Jabie) Buunp inq ‘JoqieH Jejsewlspeny) ui sindoo Bulumeds
ISON "Judy-piw pue Aienuer usemieq Bunds Apes pue Jejuim sje) Buunp sumeds yools Buwiay JoqieH Jejsewsyeny) oy
uosess bujumeds

‘BAlN PUE ‘djey ‘eaEpy/ ‘BuElY ‘BuBUIWET BpN|OU punoy

usaq sey umeds Bupiay e1eym sebjeoioew Jeylo “sbbe Buwiay Jo sejensqns pausjeid aq Aew dds eyeyjuopo ebe pai

8y} pue "dds gysesewssq ebe o1oew umoiq sy} ‘sseibjaa Jey) punoy eAeYy punos 186ng ul saipnis (1 01- pue o) W g- pue @
usamjaq ede|d sexe) Bulumeds Jsow Ing ‘MTIN (1 OF-) W Z1- jo yidep & o} apy ybiy jo sy Jeddn ay) usamiaq peysodap
a1e sBbe Bupiay "sisjem [epigns Mojjeys Jo [epiusiu; uj solelisqns pue uojeiaben uo Ajuewnd umeds Buuley oyoey

1eqey Bujumeds Bujumeds 'y
"gale Apmis ey} uj Bupsay jJuawNoOp Jou PIP 866 L PUB 6661 Ul POIONPUCD SABAINS JBliqeH
'S661 PUB 5261 Usemiaq sieah Jualagyp om) ul eae Apnis sy ul Buwiey Bujumeds pejuswinoop sey M4am e
"1o1d 8y} Jo }1semMyInos AjojelpaluLLl Pajeoo] SIB S|9SSaA US)UNS OM] e
-aid sy} jo yinos
Alereipawwi pajenyis si syo01 pue sbo Jo od sugep v “ease Apnis 8y} Jo Jewi09 JseayUOU BY} Ul Juasaid si Buoj (i 00Z)
W |9 jnoqe 4o ease 1ayjo suo pue ‘Jeid sy} Jo epis Jaylie uo jussaid aie () bs #5) W G noge jo seyajed sajjewus om ]
1e1d Bunsixe ey 4o 1semyINos (i 00S) W 0| INoqe ease Apnjs 8y} Jo Jaulo0 Jsemyinos ey} uj pajenyis Buol (4 00S) W 251
Aerewnxoidde si eaue ysebiej oyl MmN (4 02- pue 2-) w 9- 0} W 9°0- UsaM}aq paAIasSqo aiem sseibjes Jo seale no4 e
"deap (i 0% 01 02) W 21 0} 9 wouy pabues
sbuid pue seid Buysixe ey Jo 86pe ey} Jeau seasy “Ajpides sdosp yidep Jajem “Syew (i 21-) W G- 8yl woi4 MTIN "Juod ‘sadAy

(4 £1-) w g-noge 0} (3} 00Z 01 05 1) W 19 O} W gy Jo} Ajjenpeib sedojs eloysieau sy} ‘(MTIN W 0) yoeaq ay) woly e

1elqey ease Apmis g

panunuo ‘L-g ajqeL

\enterprise\ev s\evs_projects\2527-02 maury island\delivenimpacts\impact.doc

51

March 2000




spodey plold MJAM ‘G661 UOILIOY L ‘GB6L YOUS ‘6661 W0 "siad YINS 6661 "Wwoo "sied 8j00],0 ‘2261 [& 12 JSIIN ‘8661 ‘e 10 Blaque  :S3IOHNOS

52

*syo0ls Buuiay

Bubuiw-oo [esanes Aq punog 1ebngd ut sienqgey s|genns 1ayjo o} Jejiwis eaiBap e o} pasn Aje)| si eale Apnis sy sejdwes
aulss Yoeaq @i0ysiesu ul paaasqo (ssewojq pue Jaqunu) sajoads Juepunge jsow ay} sem Buiiay jey) punoy punos jebng
yuou ul pajonpuod saipnjs auljeseq aaisuayaidwoy “Bupiay sjiuaan| pue ynpe yloq 1o} Jengey ajqeins sapiaoid ease Apnjs
ey “Janamoy ‘ybiy eq o} Jeadde Jou seop synpe Jogqiey Jejsewspeny Aq Bulumeds Jeye Jo o) Joud Ajule ease alis (U 0Z1L
pue 0g) W /¢ o} /g usamiaq Buipisal Jjayem desp ul a1oysyo punoj usaq Ajjeseusb eaey Buuiey Bulumeds-a1q “judy-piw
pue fienuer usemiaq sesse|o Jeah 1aBie| Buunp eaie Apnis ey} ulyim sumeds yools Buuley JoqueH Jsjsewspeny) sy} By} asn eale
Alesyi s1)] "punog 196ngd ui umouy [jam jou are synpe Bulumedsaid pue Bulumeds jo apisino sjuswaaow Buusey ‘papodas sy | Apnis jo pooynsyiq ‘9

‘punog 18bnd yinos ui aoys o} aioys Ajlensn are Aay) ysnbny Aq Ing ‘sisoydiowerew Jeye Ajuoys ‘eunp ul sease Bulumeds
Jeau punoj uajjo aJe Buuiay sjiuaan| Bunoy, “sease Bulumeds soy Ajuyje [eluElSgns aaey 0} seadde Jou op sajiuaan|
‘sisoydiowejsw Jayy "Buiyorey Jaye syjuow g o} g sejiuaanl ojul asoydiowelaw seAle] “eale Apnjs sy} Ul pajonpuod
ussa( 8ABY S8IpN}s uoluajal [eAle| ON "suseled Juauino [eoo| Aq pelnquisip Ajebie| ele seare ‘suibaq Buipas) Juspuadspul
yolym Jaye yaam e jnoge 10j sjueuinu selddns oes-yjoA sy -aemne| oes-yjoA Bulonpoid sAep | Inoge ul yoyey sb663 sjuawalinbal
iejiqeH 9JjusAnp/jeale °g

panupuod ‘gL-g a|qeL

Nenterprise\evs\evs_projects\2527-02 maury island\deliverimpactsimpact.doc

March 2000



“181d 8y} Jo }semyInos AjojeIpaLiL Payeoo| el S|9SSOA USHUNS OM |

“1e1d sy} Jo yinos Ajajelpawiul pajenyis si syoo1 pue sboj Jo sjid sugsp v

‘eale Apnjs ay} Jo Jeuloo Jseayuou au uj Juesald

s| Buo| (y 002) W 19 Inoge jo eale Jayjo suo pue “iaid 8y} Jo apis Jayye uo juasaid ele (;4 ¥5) ;w 5 Inoge jo sayojed
J8|lews om “Iaid Bunsixe 8y} Jo IsBMUINOS I 0OS INOGE BaJe APN]S Y} JO JBUI0D JSBMUINOS oy} Ul pajenyis Buoj I 005
Ajerewixoidde si ease ysabie) oyl ‘MTIN (4 02- PUB 2-) W 9- 0) W 9°0- Usamaq panlasqo alem sselib|aa Jo seale Ino4
"deep (3 017 01 02) W 2| 01 9

woyy pabues sbuyid pue Jeid Bunsixa ey jo ebpa sy Jesu sealy “Apides sdoip yidap Jeyem “pew () /1-) W g- ey} woi4
"MTIN (4 £1-) w G- Inoge o} (4 002 0} 0S1) W |9 0} 9F 10} Allenpesb sadojs aioysiesu ey} (MTIN W 0) Yoeaq ey} woi
"MTTN

(4 0S- pue O1-) W G1- pue £- usemlaq seale [epgns sjeledes 8aly} PUE SUOZ [epiualul By} ul Jussaid are sjusuwipas
188100 "spues pauleif-es1e0d Jo seale yum spues paulesB-auly o} -wnipaw Ajuewud si ejensqns ease Apnis eyl

"eale Apnis ey} U] pajuUBLINOOP USa( JOU SABY POD OjIoRd

'sonsieioeseyo [eaisAyd Buimol|o) ey ayedlpul 6661 Ul palonpuod saipms Buibew; epyoid Juswipas pue Jeuos ueos-apig

sadA)
lejiqey eale Apnisg g

"pUNoS 196N U1 SUORIPUOD JSJEM WIBM JO }NSel 8y} 8q ABW SUORIPUOD
HO03S [BORUD °|9AS)] JOUIIXS-1eaU JO [2dUD B JE S )00)S 8y} Jey) ajedlpul SAeAINs Juesey “s0/6L o) Ul Jeak Jad
spunod uoljjiw suo papsedxe uoyonpoid pod "o0ls Pod punos jabing yinos ey jo abues sy UM SI BBy APMIS By L

19|u] Ayeawpy Jo yinog-punos 1ebng yinog -

"Aeg pussumo| Hod/eond ap uenp Jo yesS-punog jebng isespm,  —
"spuejs| uenp ueg/weybuljeg/ns-punos jebng yuoN -

‘punog 18bnd ul uesaid ere poo i JO SX00)S Baly |

eaJe Apnig

punos j1a6nd

)20}s Juauny ‘g

6661 ‘€2 aunp — joy saloadg paltebuepug ay) Jopun seioads ejepipues) e se pajsi]
ajep ‘Bupsi| jo adA)

Bupsj| seioadsg °|

pod alj1oed — Uonen|ens saloads passbuepusy |-z a|qel

Vlenterprise\# vs\evs_projects\2527-02 maury island\delivenimpacts\impact.doc

53

March 2000




"L661 '[e }o uossied ‘0661 Uossied  :S30HNOS

‘Seale aloysieau pue sjuawiequia yum

pajeroosse Jeadde sejiuaan| pue ‘seare| ‘synpe Bulumeds “eale Apnis ey} wolj (W G pue g) Wy g pue g usamisq ‘spue|s|
Aunepy pue uoysep jo di wiayinos sy Jjo ebessed 0djeq UIYIM 1S8S0]0 8U} ‘punog jebng ui Juasaid ele spunoib Bulumeds asnh eaJe
oljloedg “eate Apnis ay) Jesu In2o0 pinood Aay) ‘seale aI0USHO JO SI0USIESU UM PalBID0SSE 8q UBd pod olioed ynpy | Apnis jo pooyjsdi] 9

‘eale Apnjs ay) Jeau Jo ul pajonpuod uaaq aney suoebiseau; oN Jewwns Ag sabeis ajuaanl Apes ul 1ayem
ladesp o} Buirow Buuds pue Jejuim sy} Buunp Jajem mojfeys Ul WOROQ 8} pIemo) Juauo ABg pUasumo] Uod Ul eeAle| poD suawaiinbal

ellqeq ajlusAnr/jealeT ‘g

‘seale a10ysieau pue siajem aloysyo desp Adnooso o} umouy| usaq eAey pod
‘spoued Bulumeds-uou Buung ‘spouad Bulumeds Jejuim sy Bulnp sjuswAieque pue seale mojjeys sieds esn pod Jnpy

eale aloysieal Jo asn }npy

54

‘(4 seaubap S pue g) O seaibap 2 pue g usamiaq siajem |00 U| Jejuim sy} Buunp umeds poo oyloed
uoseas Bujumeds

‘sabe)s

ejiuaanl Aues ui Jejem Jedeep o} Buiaow “1alem MO|jjeYs Ul W00 S} PIEMO} JUSLO ABg PUSSUMO| Lod Ul eeAle| pos) (4
seaibop gg pue L) O seaibep || pue g usamiaq sainjeiadws) je sAep /| o} g woly yoyey sB63 ‘ajqqoo pue pues asi1eod jo
ISISu02 sajelisqns Woyoq eleym siaumeds [esiawap ale pod ook “EJlIYSSoY Jeau ‘puejs| Ainepy Jo dij wiayinos ay} 4o pod
Buumeds paniesgo sey m4gm "weybulag yo ‘puels| ezi|3 pue ‘ease Apnis sy} Jo Yinos isnl ‘puejs| uoysep jo diy uieyinos
8y} Jo pajeoo] ‘ebessed oojeq epnjoul punog ey} ulyiim suopeoo] Bulumeds sjqeqoid JaylQ "Aeg pussumo | Lo pue pues|
abpuquieg jo di wajsemyuou ey} Je paleao] ‘abessed e1eby ul umeds 0} pajuswnoop useq eAey punog jebngd ui pod oipoed
1elqey Bujumedsg Bujumeds ‘p

penunuod ‘Li-g a|qeL

\\entsrprise\evs\evs_pmj:ects\2527—02 maury island\deliveﬁmpacts\impac{.doc

March 2000



"ease Apnjs 8y} ul pajusWINOOp Usaq Jou aABY axey JljIoe

“1o1d 8y} Jo }saMYINOS AjsjeIpaLuLLl Paje0o]| BI. S|OSSOA USNUNS OM| o
“11d 8y} Jo Yinos Ajsjelpawiwl pajenyis i sx001 pue sboj josndsugepy e
"eale Apnis ay Jo JBUI0D Jseaypou sy} ul Jussaud s| Buoj (y
002) W |9 Inoge Jo eaJe Jaylo suo pue ‘Jaid ey} Jo apis Jayye uo Juesaid aie (;4 $S) ,w 5 noge Jo saydyed Jajews om]
11a1d Bunsixe ey} jo 1samuInos () 00S) W 2G| INoge ease Apnjs 8y} Jo Jauloo }samyinos ey} ul pajenyis Buoj (i 00s) W g51L
Alsrewixoidde si eare ysebiel eyl MTIN (4 02- pue 2-) W 9- 0} W 9°0- UsaM]Bq PaAIDSO a1om sselbjaa jo seale ino4 e
"deap (i OF 01 02) Wzl 01 9
wouy pabues sBuiid pue seid Bunsixe sy} jo ebpa sy} Jesu seary *Ajpides sdoup yidap sajem “spew (i /|-) W G- sy woi
"MTIA (4 £1-) W G- 1noqe 0} ( 002 03 051) W 19 0} 9 Jo} Allenpeib sadols eioysieau ey} (MTT W 0) Yoeaq oy woly
MTIN
(4 05- pue 01-) w |- pue g- usamiaq seale [epyqns ejesedes saly} pue suoz [epiuelul ayj ul juasaid ele sjuswipas
18810y ‘'spues pauleiBb-esieod jo seale yum spues psureB sul 0} wnipaw Aewnd si elensqns eate Apnis ey e
'solisuejorleyd [edisAyd Buimoio) ey ejedlpUI 6661 Ul Pajonpuod saipnis Buibew apyoid JuaLIpss pue Jeuos Ueas-apig

sadf)
leyqey ease Apmis ‘g

‘uoljendod

8y} jo Aienosel Bunuaneid eq Aew spewwew sunew Aq uonepaid ybiy rey; pauodal MJOAM [EONIMO POISPISUOD S| SNIBIS
%201s 8YL ‘¥661 ul spunod uoljjiw suo Ajareq o pauljasp Inqg ‘soz6 | eyl Buunp spunod uoliw of je pajewise sem SSewWwo|q
unpe 8yl ‘MdJaMm o} Buipiodoe %o0ls punog yuou ey woly Jounsip Aiqeqoud si punog 18Bng Yinos ui }00]s eyey olioed ayl
ealy Apmig

"Punosg jabnd yinos pue ‘punog jebng yuou Jseod ay1oed By} UO PUNO) S1B SXEY JO SHOOIS ejeiedag
punos j1abng

3901s JualINg g

6661 ‘€€ sunp — Joy sejoadg pasebuepu3 ay) Japun saloads ajepipue) B se pajsi
aep ‘Bupsy| jo adA

Bupsj sapadsg °|

a)ey dlyioed — uonenjeAs sajoads pasabuepuy -g|-z ajgel

\\entarprise\avs\evs_projects\2527-02 maury island\delivedimpactsimpact.doc

55

March 2000




L661 '[elo uossied  1S3IOHNOS

8
"eale Apnjs ey} Jeau punoy aq Aew os aloysiesu sy} yum pajeroosse aq ued sabejsay) Ny A1ancoal asnh eale b i
Jiey) Bunusnreid eq Aew sjewwew euuew Aq uoiepeid ybiy pue ‘punog 1oBng YINOS Ul SjoAS] MOJ Ajjeonuo je aie exey | Apnmis jo pooyayi -9 mn
£
E
"a)ey jo sabejsey) ejiuen| pue [ease| sy} BuipseBas punoy sem uonewLIOUl ON sjuawaJinbai 5
jeliqeH sjjusAnr/jeAle °g 3
2
‘punog }abnd yinog o siejem a10ysiesu pue aI0YsHo Yloq Yim pajeIoosse ale sjnpy : M
eale aloysieau jo asn }npy 5
g
uw
3
-oibejad are sente| puE B
sB63 (puejs| ouewe) Aq pawwuoy juswhequa ayy) Buuds sy; Buunp uesng Lod ul sumeds )20}s punog jebng yinos ay m
uoseas pue ejqey Bujumeds Bujumeds 'y g
% 8
panupuoo ‘gL-g ajqeL £5
5 o
= =



"eaJe Apnis ay) ul pajuswinoop ueaq jou aAey yoojjod akajlepm

“1a1d 8y} Jo JsamyInos Ajsjeipaluul| PSJEo0] SIE S|OSSOA US)UNS OM| e
“181d 8y} Jo yinos Ajejelpawiy pajenyis si s3001 pue sbojjo eid suqep y e
‘eale Apnis ey} Jo 1auI00 jseayuou ayy Ui juasaid si Buoj (y
002) W |9 Inoge Jo eele 180 auo pue “1aid sy Jo epis Jayye uo jussaid aie (;4 ¥S) ,w G Inoge jo sayojed Jejjews om |
“1e1d Buysixe ayj Jo Isemyinos (i 00S) W 25| INoge eale Apnis 8y} Jo J8UI0d Jsemyinos ay} ul pajenys Buoj (i 00S) W 51
Aleyewixoidde si eese y1sebie oyl "MTIN (1) 02- PUe 2-) W 9- O} W 9'Q- USBMI2] PanIasqo alem sselbjes Jo seale N0y o
"deap (i} O 01 02) W 21 01 9
woyy pabues sbuljid pue Jeid Bunsixe sy} jo abps ey} Jeau seary “Ajpides sdoip yidap Jajem “yew (i /1) W G- oY) woi
"MTTN (i Z1-) WS- noqe o} (i 002 01 05 L) W L9 03 9y 1o} Ajlenpeib sedojs sioysieau ay} (MTTN W 0) Yoeeq ey wol4 e
‘MTTIN
(4 05- pue 0-) W G|- pue g- usamlaq seale [epiqns sjeledas 881y} pue BuUOZ [epiusiul sy} ul Jussaid ale sjuswIpes
Jesieo) ‘spues pauleiB-esieo0o Jo seale yum spues paueiB-auly o} -wnipaw Ajuewud si ejessqns esse Apnjs ey e
‘sansueoeseyd [eisAyd Buimol|o} ey} ejedlpul 6661 Ul Pelonpuod saipnys Buibew ajijoid JuswWIpas pue Jeuos Ueds-apiS

sadfy
1e}qey eale Apnis ‘g

'snjels Jounxe Ajqissod ‘e e je si uonendod

ey} Jey) ajeolpul (ejep s|qejieAe Jo sieaf 1sele]) 661 PUB €66 Ul PS}oNpuod SABAINS [Mel] 'SOg6 | 8le| ou) ul pasde|oo
Aiaysy ey} jyun pauljosp uay} Ing SOL6 1 8¥e] 8Y) Ul JuepuNge sem x20}s yoojjod punos 18bng yinos ay) ‘punos jabng
Yuou ul esou} ueyj oojs [eoibojoiq Jusieylp e ese xoojjod punog jebnd Yinos ey} ejesipul ejep [ea1Bojoiq Joyio pue ymols
ealy Apmis

‘punog

196nd ur uonnquisip 1sB0S dlyIEd SYI JO PUS WIALINOS BWIIXS Y} UO S| ey} Selnads pod ooIeqns & ale yoojjod afsjiep
punos 1abng

)20]$ JualINg g

6661 ‘€¢ aunp — 1oy ssoadg pateBuepus ay) Jopun seioads sjepipuel) e se pajsi
ajep ‘Buysy) jo adA |

Bunsj sappads ‘L

yoojjod akajjep — uontenjena saloads passbuepug “gl-g 9jqel

\\entarplisa\a\rs\evs_p_mjects\2527-92 maury island\deliver\impacts\impacl.doc

57

March 2000




1661 '[e ¥o uossied ‘S304NOosS
©
"BoJe Apnjs ay} Jeau punoy aq Aew i B
0S seale 8I0Ys}o pue aloysieau yjoq yum pajeroosse aie sabejsay) ynpy ‘1oulixe aq Aew pue punog Yinos sy Ui S|gAs| Mo asn ealg 18
Areonuo ye si sepads ay | “suonejndod punog jabng 1o} ajqejieae siyoojjod afajjem Jo Auojsiy ey ay) uo uonewoul ey | Apnis jJo pooyieyI] ‘9 m
a
"joojjod efejjem jo sabejsayl sjiuaan pue jeate| sy} BuipieBal punoj sem uoneuLIOjU| ON sjuswalnbas =
leyqeH 9jiuaAnp/jealeT g m
|
2
'Siajem 910UsHo pue 810ysiesu Y}og Ul paaIssqo usaq aAel punos 1abnd ul synpy m,
BaJlE 810YSiEaU JO asn }Npy £
She
B
o
"puels| uoysep pue Aunepy Jo yinos ‘sbesseyq . m
00eQ Ul perIasqo usaq sey Buiumeds jey) pepodas mJam ‘suonejndod punos 1ebnd uo s|qejieA. si UoHELLIOU amn m
uosess pue jejiqey bujumeds Bujumeds m
2
psnhunuos ‘gL-g ajqeL 55
2B
2 32



"ysipjo0d oeq)inb sy} uo punoy

sem uoleuwiojul oN “udy ul BunoA esesjes o} seadde ysipioos seddon Ajnp o3 judy wolj pasesjal ale soliqua Leak e asuo
umeds ysipjoos umoiq ‘punosg 1abng uj "ysinBupsip o} ynouyip ale sejiusAn| pue 8eAlg| 8U) asneoaq sajoads [enpialpul Jo
Kiojsiy ey Apes pue syqey Bulumeds ayj jo umow| st e “BunoA BAl| Jeeq pue UCREZI|IUS) [eulajul aABY Saloads Usipood ||y

jeliqey pue uosess Gujumeds Bulumeds y
"8dUBpUNGE U] UOLLLIOD SB PaljISSe[0 91oMm USo0s umolg "sulyd|op euyj punose paalasqo
elam seloads yiog “ease Apnys sy} Ul ysipioos umolq pue Joddod pajusnoop §66 L PUe 866 ul pajonpuod sAsans jejiqeH
“1e1d 8y} jo jsemyinos Ajejelpawill Pajeoo| ole S|9SSaA USHUNS OM] e
"1o1d 8y} Jo yinos Ajejelpawiwi pajenys s syoo. pue sboj jo spd suqapy e
"eale Apnis ay} Jo Jewoo jseaypou sy} Ul Juasald si Buo
(¥ 002) w 19 1Noge eale JaYI0 BUO pue “ald By} Jo apis JayYe uo Juasaid sie (;4 05) ,w g noge Jo sayojed Je|BWS OM |
“1eid Buysixe 8y} Jo 1semyinos () 00S) W 25| INoge Base Apnis ey} Jo JauIod 1samyinos ey} ui pajenys Buoj (14 00S) W 251
Aerewixoidde sj eare ysebire| ay) ‘MTIN (4 02- PUB 2-) W g- 0} W 9°0- usamiaq paeAlasqo a1om sseibjes Jo seale IN04 e
"deap (i oF 01 02)
w g} 0} 9 woyy pabues sbuyid pue said Bunsixe sy} jo ebps ay) Jesu seary "Alpides sdoup yidop sajem “Spew (4 Z1-) w G-
OU woid “MTTN (4 L1-) W - INoge 01 Y 002 0} 05| 40} Ajlenpeib sadojs a1oysieau ey} (MTIW W 0) Yoeaq eyj woiy o
MTIN
(4 05- pPue 01-) W G|- pue g- usamieq seale [epigns ajeledes 8aiy) pue sUOZ lepiuajul ayy uy Juasaid ale sjuswIpas
18s1e0) ‘spues paufeiB-sie00 Jo seale yym spues paurelb suy o} wnipaw Ajuewyd s) ajensqns ease Apnis ey e sadf}

"solsueeIeyd [edisAyd Buimolio) eyl eledlpul 6661 Ul pejonpuoa saipnis BuiBew epyoid Juswipas pue Jeuos uess-apig

Jeliqey ease Apnis ‘g

*//6| 9duls souepunge ul sauljoap wis)-Buoj suobiapun
@Aey punog 1abnd yinos ui suonendod ysipiooy “punog 1ebng ul pajesulap usaq jou aAeY Ysi3o0ol Jo sools sjeiedag
4 punos jabngd

)00}S JualIng g

6661 ‘€¢ aunp —Joy seloadg palsbuepug ey Jopun ssioads sjepipues) e se pajsi]
ajep ‘Bupsi| Jo adA

Buysy sepoadg |

ysipjood yaeqjinb ‘ysipjoou saddos ‘ysipjoos umoig — uonenjens saioads pasebuepuy “pl-z a|gel

\\enterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc

59

March 2000




6861 J9ISSEH pue UIRIS 2661 '|e 1o UosS|ed ‘£86| Jaxieg pue smaylel ‘5961 Aoejeg pue ziH ‘$961 ‘e 1o Aoejeg :SIOHNOS

"Seale eloys}o ul 1nado Aew Buiumeds pue synpe Jabie “spouad Jusisuel) JaA By} JBYI0 J0) BAJE BU) Ul Jussaid

A1l Jou ee sebejs [eate] oy "ysipjool Jnpe pue ejiuaan| 1o} Jaaco eAndeie epiroid Ajay| Aunoey seid ey} pue ‘sa|idyo01
‘sainjonujs ueuns ey "sabieq usyuns ey} Jeeu yYsipiooI JO SUONEBAIBS]O B} pue Bale Apmjs ey ul Juasaid sjejiqey ash eale

Yl Jusisisuod are enjessll] dijusios ey} ul papodel ysipiood Jinpe BunoA pue ejiusan| ebie jo sjuswannbes jeyqey eyy | Apnis jo pooynsy ‘9

60

"sAeq ul pue ‘seinjonuis [IOYIUE pue |eJnjeu Jaylo ‘siaid pUNoJe USHO ‘SIajem a10ysIeau MOJ[BYS Ul
n220 ysipioos 1addod pue umoiq ejiusAnr "sjuaLINO Yim Bunjup ‘seek e o} syuow [eieAss Jo spouad Joj oibejad ale seAIET sjuawalinbai
ieliqeH sjjusanr/jealeq °g

*SUOIJEO0] USSOUD WO} JB)

8Aou Jou op ysij eanjew Jey) isabbins punog j1ebng weyuou ui ysipoos saddoo jo saipnys Buibbe | ‘sisjem aioysyo sadesp
0} anow Aew ysiy 18p|0 “(umounun sajoads) eere Apmis sy uj Aoey Jaid Bunsixe ey sesu sebieq uayuns ay} punole seale
Adnooo 0} s1eAp Aq paniesqo usaq eAey ysipjool Jnpe o sjiuaAn] abie “sjeel pue ‘sadinsId ‘Seale 4004 )M B)eID0SSE
Alresausb ysipiooy sesse aioysyo Jedesp se |[om se sAeq mojjeys Ajre; Ul In2o0 0} umouy| aie sal0ads ysipjool aaly} ||y
eaJe aloysieau Jo asn }npy o2 ‘Bujumeds 'y

panuiuos ‘y|-g s|qeL

\lenterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc

March 2000



2.3.5 Conclusions

The habitats and fish community observed or expected in the study area are typical of
those found in south central Puget Sound. The study area is nearshore and thus has a
preponderance of fish species, such as sea perch, greenlings, rockfish, sculpins, and
demersal forage species, that characterize nearshore areas. Preponderantly offshore
species such as the cods, sharks, and rays have not been documented or are rare in the
study area. The sunken barges and dolphins, while anthropogenic in origin, attract
structure-oriented demersal species such as rockfish, lingcod, and cabezon.

The study area does not provide critical habitat as defined under the Endangered Species
Act for fish in Puget Sound. The study area is not associated with an estuary of a natal
salmonid stream where high densities of juvenile salmonids are found. The study area is
outside of the preferred Quartermaster Harbor herring spawning area in all but the largest
year classes. Other species that rely heavily on nearshore areas do not have specific

habi tat requirements, and the study area is typical of those found in south central Puget
Sound.

A number of marine mammal species may occur in south central Puget Sound, and these
could potentially feed on occasion in the Maury Island nearshore area. The most
common marine mammal is the harbor seal, which may use the area for feeding but does
nothave any haulouts in the vicinity of the nearshore area. Dall’s porpoises are also seen
frequently in this part of Puget Sound.

One fish species listed as threatened by the federal government and seven candidates for
federal listing under ESA are present in Puget Sound. The study area is not likely to
provide a critical habitat for ESA species. The study area is not associated with a natal
streamn and so Puget Sound chinook salmon, listed as threatened, would not be expected
to use it as an extensive juvenile nursery or adult staging area. The area is primarily a
migratory corridor for juvenile out-migrants and adults on spawning runs to natal
strearns. The study area lies adjacent to the spawning grounds of the Quartermaster
Harbor Pacific herring stock. Annual spawning has been documented within the study
ares on two occasions and in areas just south of the study area on several occasions since
1975, generally in association with the largest populations of spawning fish. Spawning
hering would likely use the study area only during the largest year classes. The brown
andcopper rockfish likely use the study area, possibly associating with structures such as
the sunken barges and dolphins. However, these habitats are not unique in Puget Sound.
The cod species—Pacific cod, walleye pollock, and Pacific hake—are associated with
both nearshore and offshore areas. Major spawning areas for the three species are
offshore and not nearby, but secondary spawning areas for cod and pollock have been
docimented at Dalco Passage, just south of the study area.
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3.0
IMPACT ASSESSMENT

Animpact assessment was conducted to identify the various potential environmental
impacts to marine mammals and fish that would result from the proposed project. These
potential impacts include noise (generated by both dock reconstruction and barge
operations); turbidity; habitat loss due to dock reconstruction; chemical contaminants
(primarily petroleum input in the form of spills, leaks, or as exhaust); propeller wash;
light shading and night lighting; sand and gravel spills at the dock; and the effect on
longshore sediment transport. Also discussed are the levels of marine mammal and fish
sensitivity to each impact. The level of discussion presented in this assessment is
proportional to the potential significance of each environmental impact.

3.1 NoISE

The proposed project will increase noise levels during the short-term while construction
activities are underway and have longer-term impacts resulting from vessel traffic and
loading operations. A brief description of sound is presented below followed by
discussions of the noise characteristics generated by three dock-related operations (pile
driving, vessel traffic, and barge loading), the sensitivity of animals to noise, and the
impacts of increased noise levels on species.

Sound is a wave of energy traveling through a medium and is described by its pressure
and frequency. Pressure is measured in micropascals ((/Pa), and frequency is measured
in hertz (Hz). Frequency can be reported as either a pure tone or as sound spectra
(bandwidth) (Richardson et al. 1995). In order to compare sounds, a log scale was
developed, and this scale is reported in decibels (dB)(Richardson et al. 1995). An
increase of 20 dBs results in a 10-fold increase in sound pressure (Feist 1991). The
distance from a sound source affects sound levels; as distance increases, sound level
decreases due to transmission loss.

3.1.1 Noise.Generated from Project Activities
3.1.1.1  Pile Driving

Description of Project—Reconstruction activities are proposed for the existing Lone
Star dock prior to its reuse. Repairs will include (Jones & Stokes and AR 1999):

« Reinstallation of the conveyor loading system

» Replacement of approximately 30 pilings
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- Replacement of 25 percent of the existing dock’s decking, stringers, and
supports

The installation of the conveyor is expected to occur within a 15-day period, and piling
replacement will take between 14 and 28 days. Pilings will be replaced using a pile-
driving rig secured aboard a 36 m by 18 m (120 ft by 60 ft) barge-like vessel.

Timber piles will be installed using an air hammer. One existing dolphin of 10 pilings
will be replaced, and two to three pilings will be added to each of the remaining nine
dolphins (18 to 27 total pilings) for a sum total of 28 to 37 piles. Old piles will be left in
place or cut at the sediment line. In addition, 10 fender pilings will be repaired by
cutting away damaged wood. The fender pilings will be lifted 1to 1.5 m (3 to 5 ft) so
that the damaged portions can be removed.

Description of Noise—1In air, the sound level of a pile driver has been measured at
101 dBA at a distance of 15 m (49 ft) (USEPA 1975). Based on limited underwater
acoustical data, pile-driving sound levels have been recorded up to 25 dB (re 1 uPa)
above ambient conditions at a distance of 593 m (approximately 0.5 mi) from the pile-
driving rig (Feist 1991). In underwater acoustics, a reference (re) pressure is always
associated with the dB so that comparisons between sound measurements may be made.
the present standard for underwater measurements is 1 ¢/Pa (micropascal) at 1 m. If
sound is measured at a different distance from the sound source, this distance should be
reported. In this report, the reference distance is 1 m and the reference pressure is 1 UPa,
unless otherwise noted. Peak sound pressure levels from pile driving have been recorded
at frequencies of approximately 250 Hz to 750 Hz and again at 1250 to 2000 Hz; levels
were not measured above 2000 Hz. Peak sound pressure levels generally ranged from 95
to 110 dB (re 1 pPa at 593 m) (sée Figure 3-1) (Feist 1991).

3.1.1.2 Vessel Traffic

Description of Project—Vessel traffic will increase as tugs bring in empty barges for
mining product and depart with full barges. Maximum daily mine production is
estimated at 40,000 tons per day (Jones & Stokes and AR 1999). Though a range of
barge sizes could be used, the most common would be the 10,000-ton-capacity barge
(Table 3-1). Therefore, tugs would need to maneuver 10,000-ton barges eight times per
day (to dock and undock). If 4,000- or 2,000-ton capacity barges were used, tugs would
be docking and undocking 20 and 40 times per day, respectively. A combination of
barge sizes could also be used. At lower production rates, the use of tugs is expected to
decrease unless smaller barges are used.

This rate of activity would not be sustained for 365 days a year because the annual
capacity of the mine is set at 7.5 million tons. Therefore, at the peak daily production
rate of 40,000 tons per day, barging activities would be limited to 183 days per year.
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Figure 3-1. Sound pressure level (dB re yPa) and frequency (Hz) of
underwater environment 593 from pile driving activities. Black
is pile driving noise and gray is ambient conditions
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Table 3-1. Dimensions of barges to be used for shipping sand and gravel

BARGE CAPACITY LENGTH BREADTH DEPTH LicHT BARGE = LOADED BARGE
(tons) (ft) (ft) (ft) DRAFT (ft) DRAFT (ft)
10,000 330 80 19-20 4.5 16-17
4,000 240 62 16 4 12-14
2,000 200 54 11.5 1.5-2 9.5

SOURCE: Summers 1999a

Description of Noise—Table 3-2 shows the sound levels of barges and tugs recorded
at a variety of frequencies. Vessel noise tends to dominate the 20 to 500 Hz frequency
bandwidth and often reaches 1 kHz (Wenz 1962). Sound levels generated by a tug and
barge combination range from 150 dB to 170 dB (re 1 yPa at 1 m) across a range of
frequencies (37 to 12,500 Hz). Loaded barges were 6 to 16 dB louder than empty barges.

Table 3-2. Recorded or estimated sound levels
and frequencies of various tugboat and barge scenarios

SOURCE LEVEL
(dB re 1 pPa at FREQUENCY
SOURCE 1 m) (Hz)

Supply barge 171 100-12,500
Small barge 168" 315-16,000"
Tug pulling empty barge” 166 37
Tug pulling empty barge® 164 1000°
Tug pulling empty barge® 145 5000°
Tug pulling loaded barge® 170 1000*
Tug pulling loaded barge® 161 5000°
Tug and barge 143 50"
Tug and barge 157 100°
Tug and barge 157 200°
Tug and barge 161 500°
Tug and barge 156 1000°
Tug and barge 157 2000*

SOURCE: Malme et al. 1989, except where noted

Estimated.

Buck and Chalfant 1972.

Miles et al. 1987.

1/3 octave band center frequencies.

a 0 T »

A tug and barge travelling at a constant speed will have a signature different from that of
a tug maneuvering a barge at the dock. Both activities are likely to overlap in frequency
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and pressure levels. However, the sound levels of maneuvering activities at the dock are
expected to be erratic, pulsed noise signatures with rapid changes in frequency and
pressure because of abrupt changes in tug speed and direction.

3.1.1.3 Loading Operations

Description of Project—Most of the mine product will be loaded onto barges with a
conveyor and transported to market. Two motor drives will run the conveyor: one will be
positioned 15 m (50 ft) from the seaward end of dock, and the other will be 23 m (75 ft)
landward of the high water mark. To distribute gravel and sand in the barge, a tug will
move the barge back and forth while material is being loaded from the conveyor.
Alternatively, the conveyor may be moved (Summers 1999b).

Description of Noise—The underwater noise levels associated with barge filling have
not been measured. It is likely that sound will be transmitted through the hull into the
surrounding aquatic environment. Tugboat noise levels generated by moving a barge for
loading are predicted to be similar to those levels generated by docking activities. Low-
frequency, pulsed noise signatures will be generated as a result of the tug’s abrupt
changes in speed and direction.

3.1.2 Sensitivity of Species to Noise
3.1.2.1 Importance of Sound to Aquatic Life

Aquatic organisms have adapted to use sound for a variety of functions. Fish and marine
mammals may rely on sound for schooling orientation and predator avoidance (Blaxter
and Batty 1985b; FAO 1970), prey location (FAO 1970), competitive interactions and
courtship (Hawkins 1993), homing mechanisms (Nikolaev 1982), and echolocation and
long-distance communication (Malme et al. 1989).

Unwanted noise can 1) interfere with acoustic communication, 2) produce unpleasant
sounds, and 3) damage hearing (Malme et al. 1989). In response to noise stimuli, an
organism may avoid an area. While this decreases exposure to acoustic interference, the
animal may also be excluded from important feeding, mating, or spawning grounds.

3.1.2.2 Potential Receptors

Twenty fish species were recently observed in the vicinity of the dock, including
threatened and candidate species (Jones & Stokes and AR 1999). In addition, several
other fish species are likely to utilize this nearshore habitat (Table 2-8). Marine
mammals may also be exposed to noise from dock-area activities. Species that may be
found in waters off Maury Island include harbor seals (Phoca vitulina); California and
Steller sea lions (Zaloplus californianus and Eumetopia jubatus); killer (Orcinus orca),
gray (Eschrichtus robustus), minke (Balaenoptera acutorostrata), and humpback whales
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(Megaptera novaengliae); and Dall’s (Phocoenoides dalli) and harbor porpoise
(Phocoena phocoena) (Jones & Stokes and AR 1999; Calambokidis 1999).

3.1.2.3 Sensitivity of Species

The hearing sensitivity of an animal is represented by an audiogram. An audiogram
graphically shows the relationship between pressure and frequency and depicts hearing
threshold levels under conditions of low ambient noise. Figure 3-2 shows the
audiograms for several fish species and marine mammals. Tables 3-3 and 3-4 present
noise levels and behavioral responses of fish and marine mammals to various sounds.
For marine mammals, it was assumed that vocalization frequencies translate into
frequencies of sensitivity.

Table 3-3. Frequency of greatest sensitivity and
vocalization characteristics of several marine mammals
that may be found in south central Puget Sound

FREQUENCY RANGE OF DoOMINANT FREQUENCY OF

FREQUENCY 100t sy VOCALIZATIONS VOCALIZATIONS

RECEIVER (kHz) (kHz) (kHz)
Gray whale 0.7* 20-2,000 (up to 20,000 20-800 (up to 4,000 for
Eschrichtius robustus for calves) calves)
Harbor seal 33 0.5-16 12
Phoca vitulina
Harbor porpoise 15 100-160 130
Phocoena phocoena
Steller sea lion 15~ - -
Eumetopias jubata
Killer whale 15 0.1-35 1-25
Orcinus orca
Humpback whale - 10-4,000 144-192
Megaptera novaeangliae
Dall's porpoise - 0.04-12 -

Phocoenoides dalli

SOURCE: Malme et al. (1989)
NOTE: — - data not available
* Value is estimated.

° Hearing characteristics of California sea lion used to estimate Steller sea lion.
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of several fish and marine mammal species

Table 3-4. Sound levels and behavioral responses

SPECIES

SOUND LEVEL

RESPONSE

REFERENCE

Herring

Juvenile spring
chinook salmon

Silver salmon
(3-5 inches long)

Atlantic salmon

Juvenile Atlantic
salmon

Rockfish

Approx. 28-34 dB above
hearing threshold at
40-250 Hz at ranges
between 100 and 200 m

75 dB between 20 Hz and
1.2 kHz

10 Hz (5 second duration)

30, 60, 180 Hz
70-88 Hz

5-280 Hz (strongest
response at 35-170 Hz)

281-500 Hz
5-20,000 Hz

50 Hz-20,000 Hz at
intensity levels up to 7200
ubar

4dB (125 Hz) and 16 dB
(250 Hz) louder than
control

150-380 Hz

5-10 Hz

150 Hz
154 dB
168 dB
178-207 dB

180dB
200-205 dB
186-191 dB

Fishing vessel

Herring 60-95 feet below echo sounder
transducer moved from area

Peak sensitivity of hearing

Flight (startle response away from sound)
or avoidance
No habituation after 20 trials

Loss of equilibrium, erratic swimming, fish
run into one another

Escape action, rapid swimming around tank
until exhausted

Avoidance response; most fish resumed
normal distribution after 5 seconds

No response

Initial startle response or quick swimming;
reaction more pronounced at lower
frequencies

No attraction or repulsion to sound; fish
elicited startle responses; more pronounced
at lower frequencies

In one of three strains of salmon,
significantly greater fork length and percent
smolting occurred

Upper limit of hearing frequencies

Most efficient at producing an awareness

reaction and avoidance response; may be
related to low frequencies often produced
by swimming predators

No repelling effect
Change in movement behavior
Change from directed movement to milling

Alarm behavior; pre-exposure behavior
returned within minutes after sound
exposure ceased

Threshold for avoidance
Threshold for startle responses

Elicited changes in swimming and
schooling behavior

Avoidance reaction by fish 207-265 m deep

Olsen et al. 1983

Mitson 1995

Knudsen et al. 1997

VanDerwalker 1967

VanDerwalker 1967

VanDerwalker 1967

VanDerwalker 1967
VanDerwalker 1967

Moore and
Newman 1956

Terhune et al. 1990

Hawkins and
Johnstone 1978 as
cited in Knudsen et
al. 1994

Knudsen et al. 1994

Pearson et al. 1992
Pearson et al. 1992

Pearson et al. 1992

Pearson et al. 1992
Pearson et al. 1992
Skalski et al. 1992

Kieser et al. 1992
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Table 3-4, continued

SPECIES

SOUND LEVEL

RESPONSE

REFERENCE

Jack mackerel

Sardine

Mackerel

California sea lion

Harbor seal

180-191 dB at 6 pulses per

min. from an air gun

Research vessel

Research vessel,
6.5-8.5 knots

Research vessel,
7 knots

20 Hz to 300 Hz

Threshold exceeded by

30 dB or more

Most anthropogenic
sounds in ocean

Peak sensitivity of 80 dB at

about 2 and 16 kHz

100 Hz

Low frequency

anthropogenic sounds

Significant decline (52.4 percent) in catch-
per-unit-effort of rockfish, decrease in
aggregation height; assumed behavioral
changes caused results

Reaction distance ranged from 84 m to
341 m at different locations; large schools
tended to break in two and pass either side
of vessel

Reaction distance 150-300 m

Reaction distance 300-400 m

Critical frequency band of high sensitivity
hearing; peak sensitivity is 75 dB at 100-
300 Hz

Fish show avoidance reaction at distances
100-200 m up to 400 m

Best adapted to hear in air

About 20 dB more sensitive to 100 Hz
signals than California sea lion; more likely
to hear low frequency sounds of ships

Potential for masking of intraspecific mating
calls, which occur at low frequencies

Skalski et al. 1992

Mitson 1995

Diner and Masse
1987 as cited in
Mitson 1995

Diner and Masse
1987 as cited in
Mitson 1995

Mitson 1995

Mitson 1995

Kastak and
Schusterman 1998

Schusterman et al.
1972 as cited in
Malme et al. 1989

Kastak and
Schusterman 1998

Hanggi and
Schusterman 1994
as cited in Kastak
and Schusterman
1998

Effects of Ambient Noise on Sensitivity—Ambient noise represents the portion of
the noise spectrum that is present as background levels. Ambient noise is important
because it can influence hearing sensitivity to additional noise sources. Three types of
underwater noise sources have been classified by Mitson (1995): physical, e.g., breaking
waves; biological; and anthropogenic. Figure 3-3 illustrates how a 15-dB increase in
ambient noise levels hypothetically decreases the range of responsiveness and audibility
(detection) of an animal to anthropogenic noise stimuli. In general, as ambient noise
levels increase, the maximum radius of audibility decreases.

Ambient noise conditions off Maury Island have not been measured. The nearshore
habitat is a relatively high-energy zone, as indicated by the sandy substrate and open
shoreline. Ambient conditions in this area may be estimated from the data presented in
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Figure 3-3. Schematic illustration of a 15 dB change in ambient
noise levels on maximum radius of responsiveness and audibility
assuming a response occurs when man-made noise levels
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Table 3-5, which shows recorded noise levels from tidal action in sandy substrate.
Similarly, Stober (1969) measured lake surf beats caused by wave action shifting coarse
shore materials, small, loose “rubble,” and sand. Frequencies above 5 kHz were
attributed to surf beats, and frequencies below 4 kHz were generated by flow noise (from
an outlet stream) and bubbles from surface waves. As distance from the shoreline
increased, ambient noise levels decreased. Ambient noise levels also depend on
propagation and absorption conditions (Mitson 1995). Greater levels of ambient noise
are generated in shallow, hard-bottom substrates as compared to fine, silty substrates.
Figure 3-4 combines hearing thresholds, ambient conditions, and noise from tugboat and
barge combinations. It shows that tugboats and barges will be detected by fish and
marine mammals, and noise levels will increase approximately 35 dB (almost 60 times).

Table 3-5. Noise levels from tidal action on sand ridges

FREQUENCY SOUND PRESSURE
(kHz) (dB re 1pPa at 1 m)
30 98
100 75
300 127

SOURCE: Mitson 1995

Sensitivity of Fish—Industrial activities generate low-frequency noise (<1 kHz)
(Malme et al. 1989), and this is within the hearing range of fish (Figure 3-2). In general,
salmon are less sensitive to noise than clupeids, which have excellent hearing (Blaxter et
al. 1981; Schwarz and Greer 1984; Feist 1991). Audiograms are not available for every
fish species that inhabits the site. However, most commercially fished species respond to
noise levels exceeding 30 dB (re 1 pPa) above hearing thresholds (Mitson 1995). In
addition, fish with swimbladders tend to have better hearing because the organ functions
as an amplifier (Mitson 1995). As the size of the swimbladder increases with age,
hearing capabilities may also increase because amplification is proportional to the cube of
the swimbladder’s volume (Mitson 1995). Therefore, audiograms are different between
species and possibly between various life stages or ages.

Sensitivity of Marine Mammals—The estimated auditory thresholds for marine
mammals (Figure 3-2) in the low-frequency range (< 1 kHz) should be viewed with
caution because of the potential interference of holding tanks during measurement
(Malme et al. 1989). Frequencies below 1 kHz have not been tested in phocid seals, e.g.,
harbor seal (Malme et al. 1989). Within the range of frequencies tested, marine
mamumals are most sensitive above 1 kHz.
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3.1.3 Effects of Noise
3.1.3.1  Pile-Driving Activities

Hearing thresholds and responses to various noise stimuli are given in Figure 3-2 and
Tables 3-4 and 3-5. Noise from pile driving encompasses a range of frequencies
detectable by both fish and marine mammals, and broadband, pulsed sounds (such as pile
driving) have been shown to be more effective at eliciting a response in fish as compared
to continuous, pure tone sounds (reviewed by Feist 1991). Pile driving increased noise
levels by 25 dB (re 1 uPa at 593 m [~.5 mi]) above ambient noise levels (Feist 1991).
Because every 20 dB increase in sound pressure level increases actual sound pressure
tenfold (Feist 1991), the pressure 593 m (1,946 ft)away from pile-driving activities is
greater than 10 times the ambient condition. Noise levels closer to the activities are
expected to be even greater. This suggests that pile-driving activities would affect fish,
especially those with higher sensitivity such as herring.

Feist (1991) investigated the effects of pile driving on juvenile chum and pink salmon at
the Everett Homeport, Everett, Washington: Based on behavioral observations, schools
of juvenile pink and chum salmon did not show significant changes in behavior with or
without pile driving, although fish tended to move toward an acoustically isolated cove.
Feist predicted that pile driving would be audible to juvenile salmon more than 300 m
(984 ft) from the source, although biological impacts were unclear. Based on salmon
hearing thresholds, however, this response may not be indicative of other fish species
utilizing the area, which are more sensitive (Figure 3-2). For example, herring spawning

- activities may be affected by pier reconstruction activities. The Quartermaster Harbor

herring stock is one of 18 distinct herring populations in Puget Sound and spawns in
Quartermaster Harbor in January through mid-April (Lemberg et al. 1997). A pre-
spawning holding area is located approximately 4 km (2.5 mi) south of the mine site.
Some research suggests that herring may be most sensitive to noise during the pre-
spawning stage and alter their behavior in response to noise (Olsen 1981; Mohr 1964). If
noise reaches sufficient levels in the pre-spawning holding area to cause disturbance or
avoidance, the spawning success of the stock may decrease. In contrast, some evidence
suggests post-spawners are most sensitive (Schwarz and Greer 1984). Post-spawning
herring focus their efforts on feeding (O’ Toole pers. comm. 1999). In areas with high
noise levels, fitness may be decreased because of disruption in feeding activities.
Rockfish are expected to avoid the area during pile-driving activities. Pearson et al.
(1992) measured avoidance behavior by rockfish aggregated over 200 m (656 ft) deep
from sound generated by air guns measured at 180 dB (re 1uPa). Other fish species also
would be expected to avoid the area during pile driving.

Although marine mammals would be able to detect pile-driving noise, it is not expected
that they would be affected by the temporary increase in noise. Pile-driving activities
would likely affect harbor seals if haulout areas were located nearby (Calambokidis
1999). However, there are no harbor seal haulout areas near the Lone Star dock; the
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nearest haulout is on Gertrude Island several miles away (Jones & Stokes and AR 1999,
Calambokidis pers. comm. 1999). Although low frequency sounds may mask
intraspecific mating calls (Hanggi and Schusterman 1994), the pulsed short-term nature

of pile-driving noise may not be sufficient for this to occur. Also, mating is not known to

occur in the vicinity of Maury Island.

Harbor porpoises and killer, gray, minke, and humpback whales are rare in south central
Puget Sound (Calambokidis 1999). Therefore, the probability that these marine
mammals would be exposed to the pile-driving activity in the 2-to-4-week construction
period is low. Even if they were to be exposed, the peak sensitivity and range of
vocalization of marine mammals tend to be in the high-frequency ran ge (>10 kHz) (see
Table 3-4); and therefore, impacts are expected to be negligible based on available
information. Unfortunately, pile-driving sound levels were not recorded in the high-
frequency range; the upper limit of recorded frequency was 2 kHz.

Both Dall’s porpoise and California sea lions frequent Puget Sound. However, they are
not likely to be affected because of the short-term nature of the piling driving and the
adaptability of these animals to anthropogenic sounds (Jones & Stokes and AR 1999;
Calambokidis 1999).

3.1.3.2 Vessel Traffic and Loading Operations

Vessel activity has been shown to cause a variety of effects in fish and marine mammals,
including altered embryonic development (Banner and Hyatt 1973), avoidance (Mohr
1964; FAO 1970; Olsen et al. 1983; Malme et al. 1989), changes in schooling behavior
(Schwarz and Greer 1984), and varied respiratory patterns (Malme et al. 1989)

(Table 3-4). Vessel noise dominates the 20- to 500-Hz frequency bandwidth and often
reaches 1 kHz (Wenz 1962). This is within the hearing range of most fish. but not
necessarily within the range of marine mammals (Figure 3-2). Therefore, tugboat and
barge operations are predicted to affect fish species more than marine mammals.

Docking and barge-loading activities are predicted to have a greater impact on fish and
marine mammals as compared to a barge traveling through Puget Sound at a constant
speed. This is because the noise from a vessel approaching at constant speed increases in
amplitude while frequency remains constant; altering vessel speed changes frequencies
(Schwarz and Greer 1984). It is usually abrupt changes in sound frequency or inténsity,
such as that associated with abrupt changes in vessel speed and direction, that elicit
stronger behavioral responses (Schwarz and Greer 1984; Blaxter et al. 1981, Blaxter and
Batty 1985). Abrupt changes in tugboat speed and direction are likely to occur during

docking activities and possibly during loading. Docking could occur 8 to 40 times per
day (see Section 3.1.1.2).

Species sensitivity to tugboat and barge traffic is expected to be ranked in a manner
similar to their response to pile driving. For example, juvenile salmon in the area would
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be less likely than herring to react to the pulsed, changing noise signatures created by
tugs maneuvering barges. Increased vessel traffic would increase noise levels at the pre-
spawning holding area. It is possible that noise levels may be sufficient to cause
disturbance or avoidance by herring and affect spawning success. Rockfish are found in
industrial areas throughout Puget Sound. Whether these fish are not sensitive to vessel
traffic or habituate to conditions is not clear. Tugboats and barges arriving or departing
at constant speeds would be less likely to elicit a behavioral response.

A potential indirect effect of increased vessel traffic on fish and marine mammals is its
effect on ambient conditions in Puget Sound. Increases in tugboat and barge traffic
would likely increase ambient noise levels. At maximum production rates, 8 to

40 tugboat and barge trips could occur each day. It is not clear at what point ambient
noise levels, comprised of natural and anthropogenic sources, reach an intensity that
masks auditory functions. For example, vessel noise can mask vocal communication
between harbor seal mothers and pups over the ocean surface and limit separation
distances, thereby affecting feeding ability (Reiman and Terhune 1993), and the detection
of low-frequency sounds is important for predator avoidance in fish (Knudsen et al.
1994).

3.1.4 Conclusions

Noise from pile driving, vessel traffic, and barge-loading activities are expected to be
detected by both fish and marine mammals. Various levels of noise have been shown to
alter embryonic development (Banner and Hyatt 1973), cause avoidance (Mohr 1964;
FAO 1970; Olsen et al. 1983; Malme et al. 1989), change schooling behavior (Schwarz
and Greer 1984), and vary respiratory patterns (Malme et al. 1989) (Table 3-2). Pile
driving has been recorded at 200 to 2000 Hz, and vessel noise dominates at 20 to 500 Hz
often reaching up to 16 kHz (Wenz 1962). These frequencies are within the hearing
range of fish but perhaps less so for marine mammals (Figure 3-2). Marine mammals are
notexpected to be affected by noise because peak sensitivity is in the high-frequency
range (>1kHz). In addition, their presence is more rare in south central Puget Sound.
Common species such as harbor seals have no sensitive haulout areas near the dock and,
therefore, should not be affected.

2

Fish species, however, tend to have the greatest sensitivity at low frequencies. Noise
generated by dock operations is likely to be detected by fish in the region with varying
degrees of sensitivity. For example, herring are much more sensitive to noise than
salmon. In addition, herring spawning grounds are located south of the nearshore area of
Maury Island. Increased vessel traffic may cause herring to temporarily avoid areas with
noisy vessels during pre- or post-spawning activities (Olsen 1981; Mohr 1964; Schwarz
and Greer 1984). Pulsed, abrupt noise signatures from changes in vessel speed and
direction have been shown to have greater impacts on fish than continuous noise that
might be generated by a tugboat and barge moving at constant speed. Docking activities
are expected to generate pulsed signatures. Therefore, fish in the immediate vicinity of
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the dock will be affected by both pile driving and tugboat operations. The underwater
sound level of a barge being filled has not been measured. However, this may represent a
chronic exposure to noise and cause fish to leave the barge-loading area. The effect on
population or ecological dynamics that may result from an individual animal avoiding an
area is expected to be negligible. However, fitness of an individual fish is expected to
decrease as startle responses and changes in normal activities, such as feeding, increase in
association with noise levels from dock activities.

3.2 TURBIDITY

Replacement of dock and dolphin pilings could potentially generate turbidity if bottom
sediments were resuspended during sediment disturbance. Driving new pilings into the
bottom using an air hammer would disturb sediments in a small area around the piling,

while fresh-heading, which involves pulling an existing piling up about 1 to 2 m (3 to 5
ft) and cutting away damaged wood, would also disturb bottom sediments immediately
around the piling.

Based on grain sizes for the three sediment samples collected closest to the existing dock
(SED-01, -02, and -05; Figure 2-6), sediments in the area are fairly coarse-grained, with
some gravel (1 to 15 percent); high percentages of sand (80 to 96 percent); and very low
silt and clay fractions (1-to 3 percent, and 1 to 2 percent, respectively). Based on the very
low silt and clay content of these sediments, little fine material is available to be
resuspended during pile driving and piling removal. As a result, turbidity generation
would not be expected to be an adverse impact associated with dock reconstruction.

3.3 HABITAT Loss

Because the plan for dock and dolphin reconstruction does not involve installation of any
additional pilings, no permanent habitat loss would occur. However, positioning of the
pile-driver vessel involves the use of two to four anchors. Anchoring in consolidated fine
substrates can result in anchor scarring which may persist for several years, depending on
resuspension and deposition rates. The sediments near the existing dock and dolphins
are generally fine- to coarse-grained sands in which anchor scars would be less likely to
persist.

The potential for anchoring to disturb eelgrass beds would depend on which pilings were
replaced, and on how far away from the pile-driving vessel the anchors would be placed.

Based on Figure 2-6, two eelgrass patches approximately 5 m? (54 ft%) are located within
15 m (50 ft) of a dolphin.
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3.4 OIL SPILLS AND LEAKS

No fueling activity would occur at the dock, so the potential for local sea water
contamination by petroleum hydrocarbons is limited to spills and leaks of fuel,
lubricating oil, or hydraulic oil. The tugboats proposed for use for the Lone Star project
would be either 2,000 or 3,000 hp. The 3,000-hp tugboat has a fuel capacity of

80,000 gal, a lubricating oil capacity of 1,000 gal, and a hydraulic oil capacity of 200 gal
(R. Summers 1999a).

A worst-case scenario, resulting in a full release of fuel (80,000 gal) as well as other
engine fluids, might occur if a tugboat were to collide with the dock. It is beyond the
scope of this assessment to provide a full review of the impacts of oil spills in the marine
environment, which has been fully reviewed elsewhere (Jewett and Dean 1997; Wells et
al. 1995; Rice et al. 1996; U.S. Coast Guard [USCG] et al. 1993). The impacts of oil
spills include direct mortality and sublethal effects to fish, invertebrates, birds, and
marine mammals.

3.41 Description of Tugboat and Barge Operation Impact

Barges would be towed to and from the dock by tugboats equipped with diesel engines of
2,000 or 3,000 hp. A maximum of 40 tugboat movements (20 incoming and

20 departing) would occur daily. Because this activity is not currently occurring at the
dock, there are no site-specific measurements of petroleum hydrocarbons, which include
PAHS, for marine waters in the project area. Our review of Puget Sound water quality
monitoring studies did not produce appropriate measurements of total petroleum
hydrocarbons or PAHs in seawater associated with commercial marine traffic. Nor were
we able to find measurements of other contaminants, such as hydraulic fluids or
lubricants, associated with tugboat operation.

It is likely that in the nearshore project area, which is open and exposed to wave action,
longshore currents, and tidal advection, small inputs of petroleum hydrocarbons would be
quickly advected from the site, and petroleumn hydrocarbons would not be detectable in
the water column. The validity of this assumption could be determined easily once
project operations were underway by monitoring water quality at the dock. A critical
issue related to the potential for adverse impacts to the local biological community would
be the concentration and persistence (exposure period) of any contaminant inputs. That
is, if petroleum hydrocarbons in project waters were not at high concentrations and
remained only for short periods of time, then impacts to the biological community would
be unlikely.

3.42 Potential Receptors

Potemitial receptors are benthic organisms listed in Section 2.1 and fish species listed in
Section 2.3.1.
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3.43 Sensitivity of Receptors

Rice et al. (1979) examined the sensitivity of 39 Alaska marine species to crude oil
(measured as total aromatics) and determined that Pacific herring was the most sensitive
of the species tested, with a 96-hour LC50 of 1 mg/L for herring adults and a 12-day
LCS0 of 1.5 mg/L for herring eggs. More recently, Carls et al. (1999) determined that
herring eggs, exposed during a 16-day incubation period, showed a lowest-observed-
effects level of 9.1 ug/L (total aqueous PAHSs) for artificially weathered oil. In a study of
the sensitivity of pink salmon embryos to weathered crude oil (Heintz et al. 1999), lethal
effects were reported for exposure to total aqueous PAHs at 18 ug/L; this result was for a
long-terfn exposure (during a several-month egg incubation period).

Although both studies suggest high sensitivity of salmon and herring embryos to aqueous
PAHs, relating these results to marine traffic inputs of petroleum hydrocarbons would
require the consideration of both the concentration and the persistence of such inputs in a
high-energy environment. Also important would be the type of fuel used in the
experiments and the degree of weathering, which may vary from potential fuel inputs
resulting from the Lone Star mining operation. Both the Heintz study (Heintz et al. 1999)
and the Carls study (Carls et al. 1999) showed that more-weathered oil had different PAH
composition than less-weathered oil, resulting in higher toxicity. At the Lone Star dock,
petroleum hydrocarbon inputs would likely be unweathered.

Constant water movement at the Lone Star dock would disperse any small inputs of
petroleum hydrocarbons, and none would be expected to reach the sediments. Water
quality measurements at the dock during operations could be made to confirm this
assumption. Unless such measurements indicated that tugboat-related hydrocarbons were
persistent at this location, effects due to pg/L concentrations of aqueous PAHs such as
those reported by Carls et al. (1999) for herring and by Heintz et al. (1999) for pink
salmon would not be expected at this site.

3.5 PROPELLER WASH EFFECTS

Approaching and departing tugboat and barge combinations will follow an arc-like path
relative to the pier face. The depth at the pier face is approximately 7 m (24 ft) MLLW
and increases offshore at a ratio of approximately 1 to 5. When lashed to the outer side
of a barge at the pier, a tugboat would be in water 9 m (30 ft) deep.

A tugboat’s propellers have the potential to resuspend bottom sediments as a result of the
generation of propeller jets that locally increase the speed of the water near the bottom.
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Maynard (1998) presents a relation between the maximum velocity of a propeller jet and
the maximum bottom velocity:

ve VD
Hp
where:
V= maximum induced bottom velocity
C = constant depending upon the propeller/rudder configuration (0.22 for

open propeller and single rudder)
V, = maximum speed of the propeller jet
diameter of the propeller
distance from the propeller shaft to the bottom.

-cm 'uU
nn

Assuming a value of V, equal to 3 m/s (10 ft/s) relative to the current, a propeller
diameter (Dp) of 2 m (7 ft), and a distance (Hp) of 6 m (20 ft) between the propeller shaft
and the bottom, the predicted (albeit approximate) maximum bottom velocity would be
26 cm/sec (10 in/sec). Typically, an average speed of approximately 20 to 30 cm/sec (8
to 12 in/sec) near the bottom is necessary to resuspend unconsolidated particles of a size
between fine sand and silt (Figure 3-5). According to this rough estimate, bottom
velocities induced by the propeller jet would be capable of resuspending bottom
sediments in waters immediately adjacent to the loading pier. The potential for propwash
to resuspend sediments in deeper waters diminishes in proportion to the increase in depth.

Grain size data obtained from sediment samples obtained near the dock during a recent
field survey show that a representative grain size distribution is 3 percent clay and silt,
89 percent sand, and 8 percent gravel and larger (Table 2-3). Bottom sediments near the
dock do not contain much fine-fraction material, so little impact would result from its
being resuspended by propwash. Once in the water column, the settling velocity of the
fine-fraction material is so slow that advection would likely transport it and disperse it
away from the resuspension site before any appreciable amount redeposited. Medium
sand (settling velocity of approximately 3 cm/sec [0.1 ft/sec]) would likely fall out of the
water column within a minute of being resuspended and would not contribute to any
long-term turbidity. Fine sand would persist in the water column longer before settling
out and would more likely be transported farther than the coarser sand fractions. Coarse
sand and larger particles might be moved very locally as bedload along the bottom but
would not be resuspended into the water column. '

The existing pier lies on a bottom gradient of approximately 1 to 5. Currents tend to be
along isobaths, which means that there is very little cross-isobath advection of water, and
there fore of any water-borne properties such as suspended sediment. Therefore, even if
sediment were resuspended by propeller jets, it would be transported primarily along
shore rather than inshore.
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The frequency of tugboat and barge passages to the pier would be at least one barge per
day, so there would not be enough time between passages for any additional
unconsolidated sediment to accumulate and be available for resuspension. In short,
vessel passage would keep the approach and departure corridor cleared of sediment down
to the level of consolidated sediments not amenable to resuspension.

In addition to fine sediments, surface organic matter may be resuspended. This could
influence the distribution of benthic organisms because it may provide a food source.
However, it is assumed that benthos would relocate to areas of sufficient organic matter.
A maximum increase in current speed of 26 cm/s (10 in/s) is not predicted to dislodge
vegetation. The buffering capacity of vegetation was not included in the model and is
likely to reduce resuspension. Eelgrass has been found in currents 1.5 to 2 m/s (10to

13 ft/s) (Phillips 1994; Fonseca et al. 1983). This speed is two orders of magnitude
greater than the predicted bottom current speed generated by a tugboat (26 cm/s or 10
in/s). Macroalgae are also predicted to withstand a bottom current of 26 cmy/s.

Fish and marine mammals are not expected to be affected by propeller wash because they
can move from the area and the area is not considered critical habitat.

3.6 SHADING AND NIGHT LIGHTING

Ambient light conditions around the dock may be altered by dock operations in two
ways: 1) shading by barges, and 2) artificial night lighting and safety lighting. The
ecological impact of shading produced by docks and piers on the nearshore community
has only recently been investigated. Such structures have been shown to reduce light
levels underneath and in the vicinity of the dock. After the light was reduced, alterations
in the vegetative community were noted (Fresh et al. 1995; Burdick and Short 1998;
Simenstad et al. 1997, 1999).

For this analysis, a barge docked at the Lone Star dock is assumed to function as a
modified pier because barge loading may occur 24 hours a day, 7 days a week (Jones &
Stokes et al. 1999). Alternatively, loading may occur only 12 hours a day, 5 days a week.
However, the barge will still be docked when not being actively loaded; and upon
departure, another barge may take its place (Summers 1999b). Table 3-1 shows the
dimensions of barges over a range of barge load capacities.

The shade footprint created by a structure (the amount of area with reduced light levels)
is important in determining the structure’s impact on natural resources. Several
parameters have been shown to affect the extent of the footprint: dock height, length,
width, and orientation; the spacing between pilings; whether the dock has a floating or
fixed structural design; tidal regime; and sun angle (Burdick and Short 1998; Fresh et al.
1995). Barge draft and depth (height above the water line) are characteristics of a barge
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not found in a dock model, but they are likely to be positively correlated with shading
effects.

A light-shading model generated for the Clinton ferry terminal in Clinton, Washington,
(Olson et al. 1997) showed shading effects primarily on the northern edges of the pier.
The time of year affected the extent of the footprint such that a larger shade footprint was
created in December as compared to March or June. In December, the shadow extended
approximately 30 m (100 ft), nearly the width of the dock.

By comparison, a 10,000-ton-capacity barge docked at Lone Star has approximately the
same width (24 m [80 ft]) and is also oriented in a similar direction. Based on these
similarities, a shade footprint is predicted to occur along the northern edge of the barge.

This northern edge encompasses nearshore habitat at approximately -6 m (-20 ft) MLLW.

3.6.1 Shading Effects on Eelgrass

Diver surveys (Jones & Stokes et al. 1999; Jones & Stokes and AR 1999) and side-scan
sonar data (as detailed in Section 2.0) showed no eelgrass beds immediately below the
area where a barge would be docked. Patchy eelgrass at the site was primarily located in
depths of -1.5 to -4.5 m (-5 to -15 ft) MLLW, with the deepest eelgrass patch at
approximately -5 m (-16 ft) MLLW. During a survey in July and August of 1999,
eelgrass density ranged from single plants to 23 shoots per 0.25 sq m (3 sq ft) (Jones &
Stokes and AR 1999). The closest eelgrass patches that would be affected by barge
shading are two patches underneath the dock (<25 sq ft), surveyed in January 1998, and
one patch located alongside the pier in -2 to -3 m (-7 to -10 ft) MLLW surveyed in July
and August of 1999 (Jones & Stokes et al. 1999, and Jones & Stokes 1999). It is not
clear whether all three patches occur concurrently or if they represent spatial variability
over time. Individual shoots were also located just north of the dock in water
approximately -20 ft MLLW and the SPI camera recorded the presence of eelgrass shoots
at Stations 11 and 22 (Figure 2-6).

The extent of the shade footprint will determine the effect on existing eelgrass beds and
individual shoots. The lack of eelgrass beds directly underneath a docked barge
decreases the probability of lost eelgrass resources. However, the shadow may extend to
the smaller patches of eelgrass plants previously mentioned (Jones & Stokes et al. 1999;
Jones & Stokes and AR, 1999). Assuming the shade footprint extends several meters
north of the barge, the shading effects produced by a barge may be large enough to alter
photosynthetically active radiation (PAR) levels reaching the individual shoots or
eelgrass patches located near the docked barge (see Figure 6-2 in Jones & Stokes et al.
1999; Figure 2 in Jones & Stokes and AR 1999; Figure 2-6). If shading to these plants
were to be at levels below 300 micromoles per square meter per second (uM/m?/sec), the
eelgrass would likely become light limited and not survive (Thom and Shreffler 1996).
Survivorship may also decrease if the presence of barges results in light levels that are
chronically lower but still above the 300 uM/m?sec threshold. Under these conditions,

\\enterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc
March 2000 84



plants may not be able to accumulate sufficient reserves during summer to use throughout
the low-light conditions of winter (Olson et al. 1997; in Simenstad et al. 1997).

Shading effects are predicted to alter light conditions in the vicinity of a barge. Altered
light regimes may affect the small eelgrass patches or individual shoots currently
established. Shading may also prevent colonization of habitat that could be suitable for
larger beds if the presence of eelgrass shoots is indicative of recolonization processes.

3.6.2 Shading Effects on Macroalgae

Although eelgrass was not present at the end of the dock, macroalgae have colonized the
area. A diver survey recorded 6 algal taxa, 22 invertebrate species, and 20 fish species
along transects in the dock vicinity (Jones & Stokes and AR 1999). At depths of -8 to
-9 m (-25 ft to -30 ft) MLLW, Laminaria, Ulva, and red algae dominated. Laminaria
saccharina was common from about -3 to -9 m (-10 to -30 ft) MLLW (the lower limit of
the survey). The algal community in the barge loading area was also recorded with the
SPIcamera at Stations 16 and 17. These stations would be located underneath any of the
barges used for loading. Light levels required for Laminaria saccharina have been
recorded at 0.5 to 1 percent of surface irradiance in coastal water systems (Liining 1981,
in Lee 1989). A barge is predicted to lower light levels in the area and possibly limit the
growth of currently distributed macroalgae. If light levels are sufficiently decreased,
changes in species richness could occur by creating low-light conditions that would favor
deep-water species adapted to these conditions (EVS 1999a).

Macroalgae provide habitat for nearshore organisms. Several species of fish were found

to be abundant in Laminaria, including flatfish, rockfish, and pile perch (Jones & Stokes
and AR 1999). In addition, zones of macroalgae may provide prey resources and refuge
to juvenile salmon as they migrate to eelgrass patches in the vicinity. While no eelgrass
was present under the barge area, it has been hypothesized that if sufficient prey
resources were available under a dock, juvenile salmon might traverse the area between
eelgrass beds (Simenstad et al. 1999). A 10,000-ton-capacity barge will cover
approximately 2,450 sq m (26,400 sq ft ); alteration of light levels is predicted in this
area. Impacts to the macroalgal community may indirectly affect the functioning
capacity of eelgrass beds by isolating the beds and removing the refuge and prey
resources associated with the current habitat. A fundamental basis of landscape ecology
is the role of spatial patterns, or proximity of habitat types, to an overall functioning
system (Forman and Godron 1986).

3.6.3 Night Lighting Effects on Vegetation

At this time, the effects of artificial light on submerged vegetation cannot be analyzed
without further information on the light intensity, placement, and duration of use.
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3.6.4 Shading and Night Lighting Effects on Fish

In addition to vegetative impacts, changes in ambient light conditions may influence fish
around the dock. Shading produced by barges could affect fish by changing the amount
of light available for vision, creating shadow effects in the environment, and altering
primary and secondary productivity.

Juvenile salmon have been shown to migraté along dock shadows and natural shadows
such as edges of eelgrass beds (Simenstad et al. 1999). Feist (1991) observed juvenile
pink and chum salmon swimming near the edges of docks but not going underneath. In a
recent study investigating the affects of ferry terminals on salmon migration, chinook fry
were released near a ferry dock and their movement was recorded. The mi gration pattern
of the released school did not appear to be disrupted by the dock’s shadow line. Fish
were observed following the shadow line as it progressed over the course of the day and
observed moving from the shadows into lighter areas to feed. Over time, the shadow
essentially moved under the dock and the fish were assumed to have moved through to
the other side with the shadow (Shreffler and Moursund 1999). It should be noted that
this study was limited because of low replication and that general conclusions about the
impacts of structures on chinook migration may be premature.

Based on limited information, it appears that for salmon migrating along the coast, the
barge could provide a preferred migratory route by creating a shade contrast in the
environment. It is not clear whether other species react to shade in the same manner.
Marine mammals are not predicted to be influenced by shade, either directly or indirectly,
because of the small area affected relative to their distribution.

Barge loading could also generate artificial night lighting through the use of work or
safety lights. Little is known about the effects of night lighting on the nearshore
community, and this has been identified as an area requiring future research (Simenstad
et al. 1999). Chinook salmon typically show nocturnal activity and are negatively
phototactic (Simenstad et al. 1999), and rockfish have been shown to be disturbed by
artificial light at night (Kieser et al. 1992). Night lighting may deter chinook salmon and
rockfish from using the area at night. Effects on other species are uncertain.

A fish’s response to changes in light or dark conditions depends on numerous factors,
including ambient light conditions, fish species, and fish age. Abrupt changes in light
patterns, such as turning on lights in a dark setting or turning off lights abruptly, have
greater impacts than do gradual light changes. For example, physiological adaptations in
the eyes of chum and pink fry have been timed at 30 to 40 minutes when exposed to a
change from light to dark, while for dark-adapted fry, adaptation to increased light
requires 20 to 25 minutes (Brett and Ali 1958; Protasov 1970; Simenstad et al. 1999).
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The age of a fish can also influence the amount of time required for adaptation to
changing light levels. In adult fish, the time to adapt to brighter light stimuli decreases,
whereas the time to adapt to darkness increases with age (Simenstad et al. 1999).
Therefore, if night lighting were used for barge loading, which is a high probability
because loading is proposed to occur 24 hours a day, it could affect fish in the immediate
area around the Lone Star dock, especially if light conditions were changed quickly.
Abrupt changes in lighting could temporarily hinder the ability of fish to avoid predation
or locate prey.

3.7 SAND AND GRAVEL SPILLS AT THE Dock

A meeting with Washington Department of Ecology, Pacific Groundwater Group, and
EVS was held in December 1999 to determine the spill scenarios to be evaluated for the
nearshore impact assessment. It was agreed that evaluating the following two scenarios
would provide regulators with information about a range of potential impacts from
loading operations:

1. A worst-case single event spill, with spillage of an entire load of the
maximum size barge at the dock

2. A scenario in which minor spillage (approximately 1 percent) of each load
would occur during loading; the evaluation of this scenario would provide
insight into potential harm to the benthos of recurring spillage, which could
prevent recolonization

3.71 Worst-Case Single Event Spill

The area of bottom sediment that potentially would be covered by mine product,
primarily coarse sand and gravel, in the event of a spill of a fully loaded, maximum-size
barge at the dock is presented in Figure 3-6. The stippled area shown in the figure
represents a rough estimate of the spill footprint; this estimate was developed through the
application of a computer model combined with best professional Jjudgment (because of
limitations associated with the model).

An initial analysis used the computer model STFATE to predict the mounding and
spreading of material that would be released if a barge load of material spilled. STFATE
is one of the models in the Automated Dredging and Disposal Alternatives Modeling
System (ADDAMS) suite of computer programs for investigating impacts of dredging
and dredged material disposal (see Appendix C of USEPA and ACOE 1998). STFATE
accounts for factors such as current speed, depth to the seabed, and density of seawater at
the location of dredge disposal in order to predict the dispersal of dredged material.
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However, some limitations exist in the applicability of STFATE to a scenario in which

relatively dry material is spilled into seawater from a barge. These limitations include the
following:

+ STFATE was designed for dredged material, which has a hi gh water content
and tends to act as a fluid when released into the sea

o STFATE does not model the larger-sized material, such as cobble, that may be
included as part of a sand and gravel shipment from the Lone Star mine

« STFATE uses a single-point source of disposal (in this case, a single-point
source of the spill)

 Because of the additional effort required to model the fate of material spilled

onto a sloping seabed, the STFATE model was set up for a spill onto a level
seabed

Details of the STFATE model as it was set up to predict the footprint of a potential Lone
Star sand and gravel spill are provided in Appendix B. The appendix also provides a
figure showing the results of the model’s output. Briefly, the model predicts that the spill
would cover an area of seabed approximately 90 m long by 90 m wide (300 ft long by
300 ft wide) to a depth of 15 cm (6 in.). The spill would be mounded in the center, with
an area approximately 26 m (75 ft) in diameter covered to a height of 1 m (3.5 ft).

Best professional judgment was used in translating the STEATE model results to the
footprint of the spill, as shown in Figure 3-6. The footprint is roughly oblong-shaped,
approximately 122 m long by 91 m wide (400 ft long by 300 ft wide). Because STFATE
did not include some of the larger-sized material, we cannot predict the height of the
mound. However, it should be noted that, were a spill to result in a very high mound,
Lone Star would need to consider recovering much of the material, at a minimum to
prevent navigation hazards but also for the economic value of the material itself.

The footprint of the spill is longer (in the direction parallel to the dock and shoreline)
than it is wide, corresponding to the shape and size of the barge. Because of the large
particle size of most of the load, much of the material would rest immediately beneath the
barge. The effect of the nearshore seabed slope would be to minimize the footprint
shoreward of the dock, and the center of the footprint would be offset downslope to the
southeast. Very little of the barge load is expected to be fine silt or clay (less than

7 percent of the load) which could generate turbidity in the event of a spill; any fine
material released from the barge would be advected away.

The footprint of the spill, as shown in Figure 3-6, does not overlay any identified critical
marine resources. It would not cover any of the areas of eclgrass that were mapped in

\\enterprise\evs\evs_projects\2527-02 maury island\deliverimpacts\impact.doc
March 2000 88



- S5

Lone Start/4 /

Maury
Island

a5

%@

Puget
Sound

100 200 aon

400 Feet

MAURY ISLAND
GRAVEL MINING IMPACT STUDIES

LEGEND

[ ] smutaten sarcE AT boCK
["a_/ CONTOUR - EL. 0 MLLW (FT,)

[ ] CONTOUR - EL. -10 MLLW (FT.)
[/ CONTOUR - EL. -30 MLLW (FT.)
_~~"  LOGS OR PLANKS

@ DOLPHINS (PILINGS)

SUNKEN VESSELS

SEDIMENT CHARACTERIZATION
FINE-MEDIUM RIPPLED SAND
MEDIUM-COARSE RIPPLED SAND
EEL GRASS

DEBRIS PILE / LOGS

ROCK/COBBLE / SAND WITH EPIFAUNA

000

POTENTIAL AREA OF SAND
AND GRAVEL SPILL

Prepared: BGA
Printad: March 10, 2000
Project 2/527-D2
Path: u:/sve_projects/gis/2527-D2 Maury lsland/maury_island_bga.apr
Source: Blue Water Engineering, 1:200D scale
WA Statsplns North Zone
U.5. survey faet
Ellipsole: GRE80
Datum: WGEB4
EV environment
consultants

Figure 3-6. Potential area of bottom covered by coarse sand and gravel (worst case

spill scenario). See text for explanation.

EVSEVSProjects\2527-02\graphics\Final\Fig3-6
March 2000

89




October 1999. It would cover the entire log and rock debris pile, a small corner of a
patch of coarse-grained sediment and the small sunken boat.

The short-term effect of such a spill would be to eliminate the benthic community fish
and vegetation in the spill footprint. The benthic organisms occupying this area represent
prey for the fish community; therefore, some loss of prey organisms would occur.
Because this type of habitat is not expected to be unique among Maury Island nearshore
habitats (and it is not unique in the area surveyed), it is not likely that such a loss of prey
organisms would have adverse effects on the fish community or even cause them to move
away from the nearshore area.

The long-term impact of such a spill would be to shift the type of benthic community
occupying this area in the direction of recolonizers appropriate to the grain size of the
spill and possibly change vegetation from eelgrass to algae. Table 3-6 provides a
comparison of the distribution of grain sizes that were found in the sediments collected
near the dock versus the expected grain size distribution of a typical barge load of mine
material. Although the size categories are not identical, the overall difference is that
greater percentages of coarse sand, gravel, and cobble exist in the barge load than
currently exist in the sediments at the dock; the sediments in the nearshore area are
generally dominated by fine sand (see also comments in Appendix A, SPI photographs).
Following a spill of a full barge load, there would be an overall change in substrate to an
area of larger-sized material with more numerous and larger void spaces than currently
exists near the dock. Such material could be expected to support a different benthic
community, most likely one with greater diversity as a result of the additional cobble
substrate. This new substrate could support an epifaunal community as well as small
organisms that can hide in or inhabit void spaces. Recolonization of the spill by eelgrass
is probably not likely because of the change from sand to coarse sediments. In sum, the
long-term effect of a large spill of sand and gravel would likely be adverse for eelgrass
but could be slightly beneficial for benthos by providing greater habitat diversity.

Table 3-6. Comparison of sediment grain sizes of
nearshore sediments near dock versus gravel mine product

NEAR-DOCK SEDIMENT SIZE GRAVEL MINE PropucT”
DISTRIBUTION GRAIN Size DISTRIBUTION
PARTICLE TYPE Size RANGE PERCENT" Size RANGE SCREEN PERCENT
Gravel 2 mm — 256 mm 8 4.75-101 mm #4- 4" 20
Coarse Sand 0.4-4.75 mm <#4 57
Sand/Fine Sand 0.06 —2 mm 89 0.07 — 0.4 mmg <#40 23
Silt 0.004 -0.08 2 <0.07 mm <#200 4
Clay < 0.004 mm

* Based on mean of SED-01,SED-02, SED-05 (sediment samples collected near dock).
Mine product would be sorted according to customer specifications. This set of specifications is
Washington State Dept. of Transportation #9-03.14 (gravel borrow) (R. Summers 1999b).
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3.7.2 Small Spills During Loading

Lone Star (Summers 1999b) considers the amount of material lost due to spillage at the
dock so minor that they do not attempt to measure it. Windblown material is considered
to be the main potential loss of product at the dock. Because such losses represent an
economic loss, preventive measures have been taken. These include designing the
conveyor so that the product is conveyed to the center of the barge and using barges with
walls. In addition, a dock worker is stationed to observe loading, as is the tugboat crew,

and personnel are trained to watch for situations in which the barge and conveyor are
misaligned.

If small spills were to occur repeatedly during loading at the dock, the effect would be
cumulative because the coarse fractions would remain where they fell. The bottom
mound would increase in thickness as material accumulated and in breadth as the
additional material rolled laterally away from the center of the mound until static stability
was reached. If small spills were to occur frequently, finer material that reached the
bottom could accumulate before being transported away by the influence of waves and
currents. Conversely, infrequent spills would result in little accumulation because there
would be sufficient time to transport material away. Whether or not there would be a net
accumulation would depend on frequency, volume, and material grain size.

3.8 PILING INSTALLATION EFFECTS ON LONGSHORE TRANSPORT
PROCESSES

According to Lone Star (R. Summers 1999a), the basic parameters (configuration) of the
dock pilings and dolphins are not expected to change. Therefore, no changes should
occur in the longshore transport of sediment as a result of the project.
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4.0
CONCLUSIONS

This report provides a baseline characterization of benthic habitat conditions and sediment
chemistry in the nearshore subtidal environment adjacent to the Lone Star mine located along
the eastern edge of Maury Island. In addition, potential impacts to aquatic resources arising
from Lone Star’s proposed increase in gravel mining operations have been assessed. The
major conclusions reached in this study are summarized below.

4.1 BASELINE CHARACTERIZATION

Several field studies were instigated in the fall of 1999 in order to characterize approximately
16 ha (39 acres) of nearshore environment along the shoreline of Maury Island.
Characterizations were accomplished using a precision bathymetric survey, a side-scan sonar
survey, a series of sediment profile images (SPI), and the results of chemical analyses from
sediment samples.

Bathymetric results indicated that depth increased at a fairly steady rate from the shoreline
and reached over 31 m (100 ft) at a distance of 84 m (275 ft) seaward from the center of the
dock. A series of submerged beach cusps running perpendicular to the shoreline were
detected. These represent a thythmic shoreline feature common in sand and gravel
substrates. The crests of these cusps are regularly spaced, and the Lone Star dock is situated
upon a crest.

The side-scan sonar survey characterized a variety of seabed features in the area: several
eelgrass beds, sunken barges, patches of coarse-grained sediment, and a patch of debris.
Sediments off Maury Island are primarily fine- to coarse-grained sands with some
concentrated patches of gravel and cobble or rocky bottom. Approximately 1.0 ha (2.5 ac) of
eelgrass was observed. Two major eelgrass beds were located in water depths shallower than
6 m (20 ft), and smaller eelgrass patches were located on either side of the dock.

A total of 39 SPI stations were surveyed. The majority of bottom substrate was rippled
medium sand. Penetration into the substrate was fairly shallow (less than 10 cm [4 in.])
because of the high shear strength of sandy sediments. A few isolated stations had deeper
penetration, most likely due to bioturbation. Two SPI stations detected eelgrass not detected
by side-scan sonar because of low shoot density. Six stations in the vicinity of the dock had
surface layers of gravel, possibly indicative of historic gravel mining spills or bluff erosion.
However, three stations located away from the dock also had a surface gravel layer.

Analysis of sediment samples revealed coarse-grained, sandy sediments with low organic
carbon content (0.14 to 1.9 percent organic carbon). All pesticides, polychlorinated
biphenyls (PCB), and three trace metals (arsenic, cadmium, and silver) had chemical
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concentrations reported as not detected. Concentrations of the remaining trace elements were
below corresponding criteria in the Washington State Marine Sediment Quality Standards.
Sediment polycyclic aromatic hydrocarbon (PAH) concentrations were low, except at one
station where fluoranthene exceeded the marine sediment criterion.

4.2 ASSESSMENT OF POTENTIAL IMPACTS

Lone Star’s proposal to expand the operations at the Maury Island gravel mine would involve
reconstructing the existing dock and initiating shipping operations at the dock. Both types of
activity could result in environmental impacts to the nearshore area.

The overall assessment of potential impacts to aquatic resources is summarized in Table 4-1.
This table summarizes two types of information: first, a subjective assessment of the amount
of information (denoted as limited, moderate, or sufficient) that was available for assessing
potential impacts; and second, an assessment of potential population impacts (denoted as
negligible, moderate, or substantial) to categories of aquatic resources within the study area.
Both types of assessments were made for the stressors associated with pier reconstruction
activities and barge operations.

The confidence with which potential impacts can be assessed is dependent upon the quantity
and quality of information available. The determination of information sufficiency was a
subjective decision that considered: 1) the specificity with which the changes in the
nearshore environment associated with the proposed nearshore mining operations could be
characterized, 2) the amount of site-specific information available to characterize the
presence of aquatic species and their use of the habitat, and 3) the amount of information
available in the scientific literature on threshold responses to stressors associated with dock
and shipping operations. The information evaluated for assessin g potential impacts included:
1) baseline habitat and sediment chemistry data collected during this study; 2) descriptions of
proposed dock and shipping operations described in the draft environmental impact statement
(DEIS) for Maury Island Lone Star Gravel Mine (Jones & Stokes et al. 1999) and provided
by Lone Star representatives, 3) an eelgrass and macroalgae survey (Jones & Stokes and AR
1999), 4) information obtained through interviews with state and federal agency staff, and 5)
a review of relevant scientific literature (EVS 1999b).

Table 4-1 shows that, for most stressors and aquatic resource categories, the amount of
information for assessing impacts was deemed to be moderate or sufficient. The stressor
categories for which limited information was available for assessing impacts were light
shading and exposure to night lights. For both of these latter stressor categories, some
uncertainty exists regarding exposure concentrations that would result from the dock and
shipping operations, and, more importantly, very little scientific data exist on how
populations of natural resources would react to these stressors.
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Table 4-1 (actually a figure; see Kimberly)
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Three categories have been used to denote potential impacts to populations or
communities of aquatic resources. A designation of negligible impact indicates that,
based on the available information, it was the judgment of the authors that no long-term
measurable change in the viability of the population resulting from exposure to a stressor
would occur. A designation of moderate impact is provided where it is believed that
measurable changes to the population may occur and that these changes may reduce the
long-term abundance or spatial distribution, but not the population viability, of the
aquatic resource in the study area adjacent to Maury Island. A designation of substantial
impact is reserved for impacts that may threaten the viability of the aquatic resource in
the study area. The permanent avoidance of the study area or elimination of a type of
habitat are examples of impacts that would be classified as substantial.

4.2.1 Pier Reconstruction

The existing Lone Star dock would require repairs to support the proposed expansion of
gravel mining and barge transport of product. These repairs would include:

1) reinstallation of the conveyor loading equipment; 2) replacement of approximately

30 pilings; and 3) replacement of approximately 25 percent of the existing dock’s
decking, stringers, and supports (Jones & Stokes 1999b). The installation of the conveyor
equipment is estimated to take 15 days, while the replacement of pilings and decking is
estimated to take between 14 and 28 days. Reconstruction activities would require use of
a pile-driving vessel, which would be positioned with anchors. Timber pilings would be
installed with an air hammer. These short-term reconstruction activities could result in
impacts to nearshore marine resources due to:

» Increased noise associated with use of the air hammer

« Increased turbidity resulting from resuspension of sediments during
installation and removal of piling

«  Bottom habitat loss resulting from the installation of new pilings or associated
with anchor scarring

Table 4-1 shows that, with the possible exception of impacts to the Quartermaster Harbor
herring stock, the impacts resulting from these activities are not expected to result in any
long-term measurable change in aquatic resources within the study area. The increased
noise and activity during construction may result in some avoidance by marine species;
however, the overall impact to aquatic populations is expected to be negligible.

Impacts to the herring population from noise associated with pier reconstruction were
classified as negligible to substantial because the likelihood of construction impacts is
dependant on the time of year. Herring are sensitive to noise, and evidence suggests that
pre-spawning and post-spawning life history stages are most sensitive (Mohr 1964; Olsen
1981; Schwarz and Greer 1984). The Quartermaster Harbor herring stock, one of the
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18 distinct herring populations in Puget Sound, spawns in Quartermaster Harbor between
January and mid-April (Lemberg et al. 1997). Prior to the onset of spawning, adults
congregate in holding areas off the mouth of Quartermaster Harbor to the southeastern
portion of Maury Island. The distance from the mine site to the holding area is
approximately 4 km (2.5 miles). If noise were to reach sufficient levels in the pre-
spawning holding area to cause disturbance or avoidance, herring spawning success could
decrease substantially. Although pier reconstruction represents a relatively short time
frame, it could encompass approximately 30 percent of the spawning season for herring.
Potential impacts to the Quartermaster Harbor herring stock could be mitigated by
scheduling reconstruction activities to occur prior to or after the spawning season. If
reconstruction activities did not occur during January through April, the impacts to this
population would be judged to be negligible.

4.2.2 Barge Operations

The proposed expansion of gravel mining and the transport of product by barge would
result in increased vessel traffic as tugboats brought in empty barges and departed with
full barges. Shipping operations at the dock could potentially occur 365 days a year, 24
hours a day. Vessel traffic would include up to 40 docking and undocking movements of
a tugboat and barge combination per day if small barges were used and up to 8 docking
and undocking movements per day if large barges were used. Vessel and gravel loading
operations could affect nearshore marine resources due to:

o Increased noise from vessels and dock loading operations

- Potential contamination of the water column resulting from spills or leaks of
marine engine fuels, hydraulic fluids, or lubricants

+ Propeller wash effects on bottom sediments
» Increased shading of the water column and bottom substrate by barges
« Use of dock lights at night

« Spills of sand and gravel
4.22.1 Noise

With the exception of herring, long-term impacts from noise that would occur with
increased vessel traffic and dock loading operations are assumed to be negligible. Other
species of fish and mammals are expected to be able to detect the noise generated from
increased vessel traffic and dock-loading operations because the dominant frequencies of
sound generated by vessels, 20 to 500 Hz, are within the hearing range of fish and
mammals. Pulsed, abrupt noise signatures from abrupt changes in vessel speed and
direction have been shown to have greater impacts on fish than continuous noise levels.
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Docking activities are expected to generate pulsed signatures that could result in
avoidance responses by fish and mammals in the vicinity of the dock. The effect of these
responses on the long-term viability of fish and mammal populations along eastern

Maury Island cannot be predicted with certainty; however, it is assumed that it would be
negligible.

Herring are sensitive to noise, and evidence suggests that pre-spawning and post-
spawning life history stages are most sensitive. The expansion of mining operations
would substantially increase vessel traffic in the vicinity of Maury Island. Depending on
the travel route and destination of the barges, noise levels could increase within the pre-
spawning holding area or post-spawning feeding grounds, affecting spawning success
and feeding success, respectively. Tugboat maneuvers at the dock would generate noise
signatures with abrupt changes in frequency and intensity that are more likely to disrupt
fish than continuous noise. Therefore, if herring spawn in the study area, noise levels
could disrupt spawning activities. If spawning were limited to Quartermaster Harbor,

noise levels could still affect herring in the northeast portion of the pre-spawning holding
area.

4.2.2.2 Chronic Exposure to Chemical Contaminants

Occasional accidental spills and leaks of fuel, lubricating oil, and hydraulic oil in the
vicinity of the dock could release petroleum hydrocarbons into receiving waters. It is
likely that in the nearshore study area, which is open and exposed to wave action,
longshore currents, and tidal advection, small inputs of petroleum hydrocarbons would be
quickly advected from the site and diluted. Impacts on aquatic resources resulting from

occasional small quantity releases of petroleum hydrocarbons are assumed to be
negligible.

4.2.2.3 Propeller Wash

The maximum bottom current speed generated by a tugboat propeller in 6 m (20 ft) of
water was estimated at 26 cm/s (10 in/s). While this velocity can resuspend fine sand and
silt fractions, it is not likely to resuspend the coarser grain sizes dominating the study
area. The organic matter within the upper boundary of substrate could also be
resuspended. This is often a food source for benthic organisms. However, the impact of
propeller wash on the benthic population within the study area was estimated as
negligible because benthic organisms are assumed to relocate to areas with sufficient
organic matter for food. Additionally, the influence of overlying vegetation, mucus
tubes, etc. may decrease the actual amount of resuspension by protecting the benthic
boundary layer and by consolidating grains. The impact on the vegetative community
was also estimated as negligible. Eelgrass has been shown to survive in current speeds
from 1.5 to 2 m/s (10-13 ft/s) (Phillips 1984; Fonseca et al. 1983). This is approximately
two orders of magnitude greater than the current speed generated by the propeller.
Macroalgae are also predicted to withstand currents of 26 cm/s (10 in/s), even if the
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velocity accelerated rapidly, which would be characteristic of propeller wash. Fish and
marine mammals are predicted to avoid the propeller area, and therefore, impact to these
populations is also estimated as negligible.

4.2.2.4 Light Shading

The estimated population impact of light shading by barges on eelgrass and macroalgae
was predicted to be moderate. The extent of the shade footprint could reach currently
distributed eelgrass patches as well as the macroalgae within the barge vicinity. Dock
shading has been shown to change the vegetative community by favoring deeper-water
species more tolerant of low-light conditions (EVS 1999a; Simenstad et al. 1997).
Shading could also prevent colonization of sandy substrate by eelgrass. Individual shoots
have been identified in the region estimated to be shaded by the barge. If the shoots are
indicative of colonization processes, decreased light conditions may prevent further
colonization. Overall, the spatial distribution of vegetation types around the barge-
loading area could be altered, and, therefore, a moderate impact is estimated. Impacts on
fish and marine mammals are estimated as negligible because the shaded area is not
considered critical habitat and because the mobility of these organisms enables them to
find other vegetated patches and avoid shaded environments.

4.22.5 Night Lighting

The estimated population impact on various fish species from night lighting is estimated
as negligible. Because the area around the dock is not considered critical habitat for any
fish species, fish that would be disturbed by artificial night lighting are predicted to leave
the area. Abrupt changes in lighting conditions (turning lights on and off during the
night) would be more likely to disturb local fish as compared to gradual changes in light
levels. This is because ambient conditions influence li ghting effects (Simenstad et al.
1999). Mitigation for localized impacts could include a gradual artificial lighting
schedule and possibly low-lighting conditions when barges were not being loaded at
night.

4.2.2.6 Gravel Spills

Gravel spills are estimated to moderately affect both the benthic and vegetative
communities. A large, catastrophic spill comprised primarily of gravel and sand would
smother benthos and vegetation within the spill footprint. Although the benthic
community could recolonize the area, the short-term effect would be the mortality of
benthos. If the spill were to occur over a vegetated patch, it would likely affect the
spatial distribution of vegetation in the study area. Eelgrass is found in sandy substrate
but is less likely to colonize a gravel area. A gravel spill could change the area from an
eelgrass bed to one dominated by periphyton and algae.
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Recolonization of a gravel spill area by benthic organisms would be expected to occur.

Therefore, fish should be able to feed in the area, and the diversity of prey organisms
could even increase because of increased substrate diversity. Marine mammals do not
feed exclusively in the region and do not feed on benthos. Therefore, both fish and
marine mammal populations would be expected to experience negligible impacts from
gravel spills.
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APPENDIX A

Interpretation of Maury Island
Sediment Profile Images






Table A-1. Maury Island SPI

StaTioN  GRAIN SzE MAJOR MobeE  EELGRASS? COMMENT

1 Medium Sand no Well-sorted medium to fine sands with low shear
strength

2 Fine Sand no Small sand ripples present

3 Fine Sand no 1 cm penetration, small twigs/debris on sed.
surface

4 Medium Sand no Rippled sand bottom .

5 Medium Sand no Rippled sand bottom, shallow water, biogenic BR

6 Fine Sand no 8-10 cm layer of wood chips, twigs; sea lettuce
present

7 Very Fine Sand no Shallow penetration, large starfish, some rocks,
brittle star

8 Very Fine Sand no Large starfish, poorly sorted, fine sand, shell hash
& pebbles, twigs, land-based debris

9 Fine Sand no Some evidence of fine-grained (silt-clay) present
as minor mode

10 Very Fine Sand YES Errant macrofaunal burrow at depth

11 Fine Sand YES Eelgrass & sea lettuce present, high zooplankton
density above boundary layer

12 Fine Sand no Sea lettuce & twigs on surface, and leaf litter
mixed in sand at depth

13 Fine Sand no Shallow penetration, sea lettuce, twigs on surface

14 Very Fine Sand no Armored shell lag surface with twigs and some
gravel pieces

15 Very Fine Sand no Large pieces of wood on sediment surface

16 IND no Hard bottom - large rock, macrophytes

17 Pebble/cobble no Hard bottom - gravel, bamacles & kelp

18 Medium Sand no 15 cm penetration - dilated sands -- probably
bivalve bed

19 Gravel layer over Very no Gravel layer on top of fine sands,

Fine Sand barnacles/bryozoans on rocks
20 Gravel layer over Very no Pea gravel layer on top of fine sands
Fine Sand

21 IND no Gravel, mussels, & shell lag with starfish feeding
on bivalves

22 Fine Sand YES Sea lettuce present

23 Very Fine Sand no Hermit crab, squid eggs, Ulva, dead eelgrass in
sand

24 Fine Sand no Ornamented tubes projecting out of surface
(Diopatra?)

25 IND no Thick shell layer on surface

26 IND no Poorly sorted gravel, wood, & fine sand - no
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Table A-1, continued

STATION  GRAIN SizE MAJorR MobE  EELGRASS? COMMENT

penetration

27 Very Fine Sand YES Well-sorted fine sand with dense eelgrass

28 Very Fine Sand YES Piece of rusting metal on surface, sparse eelgrass
in background

29 Fine Sand no Well-sorted fine sand

30 Fine Sand no Well-sorted fine sand

31 Fine Sand no Well-sorted fine sand

32 Medium Sand no Medium sand, leaf litter & Ulva on surface, sands
dilated

33 Gravel layer over Very no Gravel & twigs on surface

Fine Sand

34 Very Fine Sand no Low penetration; tubes projecting above S/W
interface

35 Very Fine Sand YES Dense eelgrass

36 IND YES Dense eelgrass, sea lettuce & leaf litter

37 Very Fine Sand possibly Dilated sands, sparse eelgrass possibly in
background

38 Very Fine Sand no Some gravel with shells & sea lettuce on surface

39 Very Fine Sand no Mono-layer of gravel and shell valves - gravel

looks like fairly recent deposit
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APPENDIX B

STFATE Modeling of Sand and Gravel Spill






STFATE MODELING OF SAND AND GRAVEL SPILL

A computer program, STFATE, was used to model the mounding and spreading of
material that would be released if a barge load of material spilled. STFATE is one of the
models in the Automated Dredging and Disposal Alternatives Modeling System
(ADDAMS) suite of computer programs for investigating impacts of dredging and
dredged material disposal (Appendix C of USEPA/ACOE 1998). For this application,
the event was modeled as a disposal event lasting 5 seconds for release of the entire barge
load of material. As discussed elsewhere, there are some limitations in the applicability
of STFATE to modeling a spill of dry sand and gravel into a nearshore area. These
limitations are:

« STFATE was designed to be applied to dredged material, which because of its
water content acts as a fluid when released from a barge into the sea; in
contrast, a spill of dry sand and gravel has a lower water content

« STFATE does not model the larger-size (cobble) material that may be
included in a load of sand and gravel

« Because of additional effort that would be required to model the fate of
material onto a sloping seabed, the STFATE model was set up for a spill onto
a level seabed

The model grid was a rectangle 550 m (1,800 ft) long and 180 m (600 ft) wide, and the
grid cells were 15 m (50 ft) long and 6 m (20 ft) wide. For simplification in applying the
model, the depth was assumed a constant 9 m (30 ft) over the entire grid.

STFATE incorporates site-specific oceanographic data into its simulation of movement
and dispersion of discharged material. Because no direct current measurements were
available for the area of operations, current speed over the majority of the water column
was taken as approximately the maximum estimated tidal current obtained from a
monitoring station in Colvos Passage on the west side of Vashon Island. The direction of
the current was chosen to be aligned with the longer dimension of the model grid. Speed
near the bottom was reduced by a factor of 6 to address bottom boundary layer effects.
Choosing the maximum speed yields a scenario in which movement and dispersion can
be expected to be greatest. A two-layer density profile reflecting typical values was also
chosen, although this particular application of STFATE is not sensitive to the magnitude
of the vertical density profile. Table B-1 lists depth, current speed, water column density,
and bottom roughness height used for the modeling.
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Table B-1. Input data for STFATE application
to a gravel barge spill scenario

PARAMETER (Units) VALUE SOURCE
Water depth (ft) 30 Bathymetric survey
Roughness height (ft) 0.005 STFATE guidance manual®
Slope (degrees) 0 default
Density profile (g/cc) 1.014 at O ft representative values for the area
1.018 at 30 ft
Current profile (fps) 3atoft Max. tidal current, bottom boundary
3at25ft reduction
0.5at 29 ft
Length of barge (ft) 330 R. Summers, pers. comm. 1999a
Width of barge (ft) 80 R. Summers, pers. comm. 1999a
Pre-disposal draft of barge (ft) 16.5 R. Summers, pers. comm. 1999a
Post-disposal draft of barge (ft) 4.5 R. Summers, pers. comm. 1999a
Time required for dumping (s) 5 Assumption for modeling
Vessel velocity (fps) 1 R. Summers, pers. comm. 1999a
Volume of dredged material (cy) 7,500 R. Summers, pers. comm. 1999a
Types of material silt, med. sand, gravel, void®
Volume fraction for each type 0.04, 0.14, 0.42, 0.40 R. Summers, pers. comm.
* USEPA/ACOE 1998

In the formulation of STFATE, void space is assumed to be filled by water.

Three different sizes of barges may be used to transport material: 2,000 ton, 4,000 ton,
and 10,000 ton. To address a maximum-impact scenario, the largest barge size was

chosen. Table B-1 also lists details of the barge and the discharge operation used in the
model.

To address the differences between using STFATE to simulate the discharge of dry
terrestrial material rather than wet, dredged material, several assumptions were made in
characterizing the material. The typical size composition of the dry material is 7 percent
material finer than 62.5 microns in size, 23 percent fine to medium sand, 50 percent
medium sand to gravel, and 20 percent greater than approximately 5 mm in size (R.
Summers, pers. comm. 1999b). The moisture content of the dry material, typically 5
percent, was ignored. STFATE requires grain-size information in terms of volume
fraction rather than weight percent. The size fractions chosen to represent the material in
STFATE for modeling purposes were silt, medium sand, and gravel. Particle settling
speeds were chosen from the range offered by STFATE for each size class.

The estimated bulk density of the material is approximately 1,600 kg/cu m (2,700 Ib per
cubic yard [cy]), which translates into approximately 1.6 gn/cm® (Summers pers. comm,
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1999b). The approximate density of the solid material is 2.7 gm/cm’. As a rough
approximation, the volume fraction of each model size category was assumed equal to the
weight percent. To adjust the volume fraction of the combined size categories to yield a
bulk density of 1.6 gm/cm’ (i.e. 2,700 Ib/cy), the weight percent of each was multiplied
by 1.6/2.7. Void space in the combined material was then assumed to provide the
additional volume necessary for 2,700 Ib of combined material to occupy a total volume
of | cy. Table B-1 lists the volume fractions of the material determined in this way.

MoDEL RESULTS

Figure B-1 shows the thickness contours predicted by the model. The shape of the
contours reflects an inherent feature of STFATE, namely that the program assumes
discharge from a point source. Thus, the contours near the specified discharge point are
nearly circular and concentric. If STFATE accounted for the shape of the barge, the
contours near the discharge point would be elongated and oriented similar to the barge.
For reference, if the barge were circular and had the same area as a 100 m X 24 m

(330 ft x 80-ft) shape, the outer edge would nearly coincide with the 0.6-m (2.0-ft)
thickness contour.

The model predicted a maximum thickness of 2 m (3.5 ft) of material at the discharge
point specified in the sirhulation. The gravel fraction accounted for approximately 80
percent of this thickness. The maximum contribution of silt to total thickness is less than
0.02 ft over the entire simulation grid. In the downstream (along flow)-direction, the
thickness decreases to approximately 21 cm (0.7 ft) at a distance of 61 m (200 ft) and

6 cm (0.2 ft) at a distance of 91 m (300 ft) from the discharge point. Sand provides the
largest contribution to thickness farther than approximately 61 m (200 ft) downstream of
the discharge point, which is a reflection of the influence of advection. In the direction
perpendicular to the flow, the thickness decreases to approximately 0.3 ft at a distance of
200 ft from the discharge point.

It is likely that the actual footprint from a spill would be smaller than predicted by
STFATE. One reason is that predictions by STFATE incorporate a dynamic spreading
algorithm that assumes gravitational forcing of sediment that is already fluidized in the
barge. Discharged dry material would not be expected to spread in the same way because
the frictional resistance of the dry material is greater than that of the discharged dense
sediment and water mixture. Dry material would likely spread less upon encountering
the bottom. It is also likely that much of the material contained in a barge that sank
would remain confined by the barge rather than all being released to the water column.

After a spill event, natural processes will continue to redistribute the sand and finer
material fractions just as those same processes work the existing bottom sediments of
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Figure B-1. Predicted footprint area and height of spill (units in feet)
of coarse sand and gravel from full loaded, 10,0000-ton barge
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comparable size. The coarser fractions that include granules, pebbles, cobbles and larger
rocks will remain mounded at the spill site and may facilitate the retention of finer-grain
material in the voids. Thus, little likelihood exists of the mound of coarse material
dissipating after it has settled onto the bottom.

To maintain a simple scenario, the effects of sloping bottom were not modeled. Inserting
a bottom slope greatly increases the amount of time to set up the model. The effect of a
sloping bottom would be to direct spreading preferentially downhill, and the thickness
distribution of spilled material would thus be skewed toward thicker values downhill of
the discharge point.

According to model results, the most likely source of impact away from the immediate
location of the spill will be the fine-to-medium sands that can be advected along in the
water column before settling out downstream or be transported along the bottom as
bedload. The coarser fractions remain near the discharge point, and the finer fractions
(silt, clay) have insufficient volumes to have much effect.
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