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Explains the purposes of developing the Shoreline Characterization Report

and the importance of understanding both historical conditions and present
conditions in Seattle’s water bodies, and the underlying causes of changes that
have occurred.

Describes how hydrology, water quality, and physical conditions work together to
shape shoreline habitat and the plant and animal communities that use it.

Describes the methods used to evaluate conditions in Seattle water bodies for
the purposes of this report.

Describes the water quality and physical habitat conditions in Lake Washington,
the Lake Washington Ship Canal (Ship Canal)/Lake Union, the Duwamish

River, Seattle’s portions of Puget Sound, and Green Lake. The section also
describes low-quality and high-quality habitat areas identified in the shoreline
characterization assessment.

Summarizes and compares current conditions throughout the city. Section 5
also provides conclusions about the overall state of Seattle water bodies.

A map folio (Appendix C) accompanying this report presents shoreline maps,
and Appendices A and B provide additional technical detail about the methods
and results of the analyses of aquatic conditions.



1.1 Understanding the Shoreline Characterization
This Shoreline Characterization Report, prepared by Seattle Department of Planning and
Development (DPD) and Seattle Public Utilities (SPU), documents the conditions of Seattle’s
shorelines. This Shoreline Characterization Report will be used by DPD to update their Shoreline
Master Program (SMP).

This report describes the current hydrologic, chemical, physical, and biological conditions of the
larger lakes, estuaries, and marine shorelines located within the city limits of Seattle. These
conditions define aquatic health and the ability of the city’s shoreline habitats to perform critical
functions and services, such as filtering water and capturing sediment, moderating floods, and
forming aquatic habitat. Based on a number of research, monitoring, and assessment reports, this
information has been collectively compiled and organized for the first time to be readily accessible
to City of Seattle staff and interested citizens.

Interconnectedness between terrestrial and aquatic environments is among the most important
concepts for managing watercourses, lakes, estuaries, and marine environments. Physical, chemical,
and biological changes in a watershed can lead to changes in nearby and distant areas, sometimes
with unintended or unexpected consequences. The variability of impacts often creates difficult
challenges in managing land, drainage, development, and other watershed uses without leading to
adverse effects on the ecosystem as a whole. Hence, there is a need to integrate management and
stewardship across a watershed at many levels of action—from removal of vegetation in residential
areas to stormwater management in large shopping malls. For water resources, this means looking
at our actions on land and understanding how those actions affect conditions in our streams, lakes,
and Puget Sound. Within Seattle, integrated watershed management is a delicate balance between
desired human land uses and equally desired ecological health.

In addition to documenting Seattle’s current conditions, this report serves as an important
foundation for guiding future City efforts and activities that will affect the health of Seattle water
bodies. For example, under the Mayor’s Restore Our Water’s initiative SPU intends to use the
contents of this report to develop the State of the Waters Report for Seattle’s large water bodies.

The actions of the City of Seattle, citizens, and businesses, individually and collectively, have a
large influence over the health of the waters in and around Seattle. It is hoped that this report and
the State of the Waters report will enhance public awareness of the role we play in protecting the
health of our water bodies, providing a foundation for determining effective and efficient aquatic
restoration investments and for integrated management of Seattle’s urban watersheds.

1.2 Overview of Seattle Area Water Bodies
Seattle contains four types of aquatic ecosystems that differ in their physical characteristics, the

habitat they provide, and the species and human uses they support:
e Watercourses and streams

Lakes

Estuaries

¢ Marine waters



1.2.1 Watercourses and Streams

Surface water in Seattle is transported to receiving water bodies (e.g., Puget Sound, Lake Washington,
or the Duwamish River) by a complex system of pipes, ditches, culverts, and open stream areas. For
clarity, the City of Seattle has adopted the word “watercourse” to refer to this network. “Watercourse”
means the route, constructed or formed by humans or by natural processes, generally consisting of

a channel with bed, banks, or sides, in which surface waters flow. Watercourses include small lakes,
bogs, streams, creeks, and intermittent artificial components (including ditches and culverts) but do
not include receiving waters (Seattle Municipal Code [SMC] 22.801.240).

Species that live in or along stream ecosystems are adapted to changing water flows that produce
highly variable and dynamic habitats. The City of Seattle contains five major watercourses: Fauntleroy
Creek, Longfellow Creek, Piper’s Creek, Taylor Creek, and Thornton Creek. These five watercourses
have year-round flow and support salmon and trout. There are also humerous smaller watercourses
that do not support salmon and may have only intermittent flow, including Mapes Creek, Puget Creek,
Yesler Creek, Fairmount Creek, Madrona Creek, Frink Creek, Arboretum Creek, Wolfe Creek, Blue
Ridge Creek, Ravenna Creek, Schmitz Creek, Licton Springs, and 25 other small watercourses.

Seattle watercourses are fed not only from surface water runoff and groundwater but also from
drainage pipes that convey stormwater from impervious surfaces such as rooftops, roads, and
parking lots. A number of Seattle’s historical streams are no longer present today as open
watercourses, since they have been eliminated from the landscape or entirely confined in
constructed drainage systems during development of the city.

1.2.2 Lakes

Lakes are formed in topographic depressions that retain freshwater. Lakes receive inflow from

their surrounding watersheds through rivers, watercourses, overland and subsurface flow, and—in
developed areas—from drainage pipes. Water typically exits a lake through a watercourse or river,
although the outflows of most lakes in Seattle have been channeled into constructed drainage
systems. Lakes can range in size from a few acres to many square miles. Plants and animals that
depend on lake environments inhabit shallow-water and deep-water areas and interact in a complex
food web.

Seattle contains three small lakes: Haller Lake, Bitter Lake, and Green Lake. The city also contains
two larger lakes, Lake Union and parts of Lake Washington. The lakes that this report focuses on
are Lake Washington, Lake Union, and Green Lake, which are waters that fall under the jurisdiction
of the SMP. Lake Washington is the second largest natural lake in Washington State.

1.2.3 Estuaries

Estuaries are areas where freshwater and marine water mix, on the interface between an ocean and
a watercourse or river. These ecosystems are shaped by saltwater tidal fluctuations and freshwater
flows. Many species are adapted to periods of inundation and exposure with fluctuating tides. In
addition, plants and animals that inhabit these environments must be able to tolerate variable salinity
conditions. Estuaries are typically highly productive nursery areas for many fish and bird species.

























4.2.2 Hydrology

Lake Union was formed by the Vashon Glacier approximately 12,000 years ago. Historically, no
surface water connection existed between Lake Union and Lake Washington (Figure 4-4). At that
time, Lake Union water supplies were a combination of underground springs, intermittent streams,
and stormwater runoff. A natural aboveground ridge between Union Bay and Portage Bay separated
the two lakes. Further west, a small stream flowed from Lake Union into Salmon Bay (Ross Creek),
which was a long, shallow, tidally influenced embayment of Puget Sound. Salmon Bay was a long,
shallow, tidally inundated saltwater bay that opened to Puget Sound and had tidal elevations equal
with Puget Sound. At low tide, Salmon Bay was practically dry, the water level varying an average of
8 feet (2.4 meters) between high and low tide. Salmon Bay connected to Shilshole Bay through The
Narrows (Kerwin 2001).

Figure 4-4: Lake Union and Salmon Bay circa 1890

In the 1880s, a canal was constructed between Lake Washington and Lake Union (Montlake Cut). In
addition, an existing stream (Ross Creek) flowing west from Lake Union to Salmon Bay was excavated
to allow movement of harvested timber from Lake Washington to Puget Sound. By 1911, the channels
had been increased in size to provide a navigable channel connecting Lake Washington and Salmon
Bay. This area became known as the Fremont Cut. In Salmon Bay, the Ballard Locks, completed in
1916, were installed in a naturally narrow section of the bay. The Ballard Locks were installed to allow
for boat travel between Puget Sound and the Ship Canal, prevent saltwater intrusion into Lake Union,
and moderate water surface elevations in Lake Union and Lake Washington. When this occurred,
Salmon Bay was divided into a saltwater and freshwater portion. The freshwater Salmon Bay
Waterway was permanently flooded to the same elevation of Lake Washington, and due to equilibrium
in lake elevations, the level of Lake Washington was effectively lowered approximately 8 to 10 feet
(Weitkamp et al. 2000). Today, the elevation of Lake Union and the Ship Canal is maintained between
20 and 22 feet MLLW in winter. The physical separation of the freshwater in Lake Washington and the



marine waters of Puget Sound in this way has resulted in one of the most modified estuary systems on
the west coast of North America (Kerwin 2001).

These changes also increased the volume of water flowing into Lake Union, as around the same
time, the Cedar River was diverted into the south end of Lake Washington (see Lake Washington
section in this chapter) and more water flowed from Lake Washington to Lake Union. Currently,
there are no streams flowing into Lake Union and the Ship Canal; thus, any freshwater inflow comes
from either outfalls or the mixing of lake waters. The Ship Canal and Lake Union altogether receive
inflow from 27 stormwater outfalls and 33 CSO outfalls (Herrera 2005a). A complete exchange of
water in Lake Union now occurs approximately once per week when flows are high in the winter and
spring; however, westward flowing water often bypasses mixing into Lake Union, flowing mostly in
the north part of the lake from the Montlake Cut directly into the Ship Canal.

All freshwater now leaves the Lake Washington system through the Ballard Locks. When the Ballard
Locks are open, saltwater from Puget Sound flows into the Ship Canal. The distance and extent to
which that water travels up the Ship Canal and enters Lake Union varies with the lake’s volume,
flow through the Ship Canal, and watershed runoff volume. For example, during the winter and
rainy season and as snow melts in the spring, stream flows are high into Lake Washington, and the
flushing rate of Lake Union increases. When the drier months of summer arrive and the Ballard
Locks are opened more often for boat traffic, some saltwater enters the Ship Canal. Under low-flow
or summer conditions, the water in the Ship Canal near the Locks is strongly stratified, with salinity
ranging up to 6 parts per thousand near the bottom of the canal (Simenstad et al. 1999b).

4.2.3 Water and Sediment Quality

Lake Union and the Ship Canal represent a transitional area between the freshwaters of Lake
Washington and the saltwater of Puget Sound. Surface water quality is influenced to some degree
by that in Lake Washington, whereas bottom water quality is influenced by saline water introduced
through the Ballard Locks (Weitkamp et al. 2000). In general, water quality has improved since
the 1960s when the coal gasification plant ceased operations and the City of Seattle intercepted
most of the direct discharge of raw sewage into Lake Union (Greater Lake Washington Technical
Committee 2001).

In an analysis of available water quality and sediment data, Herrera (2008) noted the following key
findings:
* Dissolved oxygen concentrations ranged from 9.5 to 12.6 mg/L during the winter and spring
(1998 to 2002), but decreased to as low as 1 mg/L during the summer months.
¢ Fecal coliform bacteria levels from 1998 to 2005 met water quality standards for 86 percent
of the bacteriological samples.
¢ Total and dissolved metals concentrations are relatively low in Lake Union.
* Organic compounds (e.g., PAHs, PCBs, and phlalates) were found in low concentrations in
water samples collected from Lake Union in 1990.
* Water temperatures in Lake Union have gradually increased over the past few decades. Win-
ter water temperatures for Lake Union have increased an average of 1°C (1.8°F) per decade
since the beginning of data collection by King County in 1979.



¢ Mercury is the primary metal of concern in Lake Union sediments with elevated concentra-
tions near various south Lake Union CSOs, ranging from 0.35 to 9.18 milligrams per kilo-
gram (mg/keg).

* Organic compounds have been detected in sediments at elevated levels throughout Lake
Union with PCBs, PAHs, and bis(2-ethylhexyl)phthalate (BEHP) exceeding the freshwater sedi-
ment quality values in Lake Union.

Today, the overall water quality in Lake Union and the Ship Canal is good, primarily due to high
quality inflows from Lake Washington (Herrera 2008). However, water quality problems continue
to exist in localized areas such as near storm drain and CSO outfalls (a general description of
Seattle’s wastewater and key impacts to water bodies can be found in Section 4.1.3). Lake

Union and the Ship Canal receive inflow from 27 stormwater outfalls and 33 CSOs. Most of the
stormwater runoff that enters Lake Union via City storm drains is untreated. In addition, nonpoint
sources of contaminated stormwater runoff enter Lake Union from surrounding urban development.
Stormwater runoff from urban areas can contain elevated concentrations of nutrients, bacteria,
metals, pesticides, and other organic pollutants such as petroleum hydrocarbons and phthalates.
These chemicals wash off roadways, yards, and roofs during rainfall events. Fertilizers and
pesticides used on lawns and gardens; pet waste; cleaners and paints; and automobile oil, grease,
brake pads, and emissions are some sources of chemicals found in stormwater.

For water, the concentrations of total and dissolved metals in Lake Union are relatively low. While
total copper and total lead concentrations have exceeded state water quality criteria for acute
toxicity in the past (Herrera 1998), the mean concentrations of dissolved metals have historically
been below the state water quality criteria for acute and chronic toxicity (Herrera 2005a).

The Ship Canal system has extremely high water temperatures in the summer and early fall. Water
temperatures in the Ship Canal have been increasing steadily over the last 30 years, with an
increase in the number of days that temperatures are greater than 20°C (Weitkamp et al. 2000).
The primary factor associated with these increases appears to be air temperature (Wetherbee and
Houck 2001). The increased duration of warm water temperatures has serious implications for
salmon. Water temperatures increase the metabolism of fish and increase rates of predation, thus
potentially increasing the predation risks that juvenile salmon face in the Ship Canal. Higher water
temperatures also increase stress in fish and can delay the migration of returning adult salmon past
the Ballard Locks, possibly affecting their ability to later reproduce successfully (Seattle 2004c).

A particular water quality challenge for Lake Union has been caused by the introduction of saltwater
through the Ballard Locks into the freshwater areas upstream. This saltwater intrusion is a
problem. Because the density of saltwater is greater than freshwater, the saltwater intrusion forms
a wedge that flows along the bottom of the Ship Canal and Lake Union. The saltwater flows along
the bottom and is not easily mixed with the overlying, less dense freshwater. The result is less
mixing and a much stronger and longer lasting stratification of saltwater and freshwater in the Ship
Canal (King County 2005). The saline bottom water becomes devoid of oxygen early in the summer
as the oxygen is used by bacteria consuming the organic sediment. These anoxic conditions limit
the areas of Lake Union that function as fish habitat (Seattle 2004c; King County 2005).



Fecal coliform bacteria are a significant pathogen for Lake Union. Concentrations frequently exceed
the state water quality standard for the lake. The most likely causes for high fecal coliform bacteria
concentrations are CSOs and stormwater flows that enter the lake (King County 2005). Other
sources of fecal coliform bacteria to the lake include waterfowl, domestic pets, and sewage from
boats (Seattle 1986). In order to manage untreated CSOs that periodically discharge into Lake
Union, the Denny Way/Lake Union Project was initiated. From this project, small and moderate
storm flows that previously entered Lake Union are diverted to the West Point Wastewater treatment
plant and larger storms are diverted to the Denny Way CSO system that drains into Elliott Bay (King
County 2005).

Historical industrial practices and CSO discharges have resulted in bottom sediment contamination.
Elevated concentrations of some pollutants also have been found in sediments along the north
shoreline (metals, PAHs, PCBs, and other organic compounds) and the southern half (PCBs) of

the lake (Seattle 2004a). Mercury is the primary metal of concern in Lake Union sediment with
elevated concentrations near various South Lake Union CSOs, ranging from 0.35 to 9.18 mg/kg.
Lake Union is listed by Ecology as impaired because of elevated concentrations of pollutants found
in fish tissue samples (Seattle 2004c).

424 Shoreline Habitat

As described above, the shoreline habitats of Lake Union and surrounding areas have been highly
modified. In fact, the Ship Canal is a man-made feature to connect Lake Washington to Lake Union
and Puget Sound. Lake Union and Portage Bay were historically separated from Lake Washington
and Union Bay by a natural ridge. A small stream, Ross Creek, drained Lake Union flow into Salmon
Bay. Ross Creek was a shallow, tidally-inundated embayment in which estuarine water and habitat
conditions extended more than 1 mile farther east of its current end at the Ballard Locks. Salmon
Bay historically supported a large estuarine salt marsh/wetland complex. The significant changes
to this area began more than 130 years ago and dramatically changed the appearance, size, and
function of shoreline habitats in the area.

4.2.4.1 Overview of Stressors
Today, habitat in Lake Union and the Ship Canal is much more modified than it is in Lake
Washington. Most of the area is heavily urbanized and has few natural sections of shoreline.
The shoreline of the area is nearly uniformly heavily armored and there are many bulkheads,
docks, and overwater structures. The water-dependent commercial, industrial, and houseboat
community of Lake Union and the Ship Canal occur in areas that typically have armored shores
and deep water at the shoreline. In fact, armoring occurs along 82 percent of Lake Union and
the Ship Canal. The area also contains 647 overwater structures, many of which are either
large industrial docks (each of which covers large shoreline areas), houseboat marinas, or part
of the Fisherman’s Terminal Marina. The south side of Portage Bay, portions of the Gasworks
Park shoreline, and small areas at the south end of Lake Union are the only areas that have
retained any natural shoreline characteristics such as shoreline vegetation and lack of armoring
(Weitkamp et al. 2000).

Table 4-2 summarizes the stressors affecting shoreline habitat and conditions in Lake Union
and the Ship Canal.



Table 4-2: Stressors Affecting Shoreline Conditions in Lake Union and the Ship Canal

Stressor Stressor Conditions in Lake Union and the Ship Canal

Armoring Armoring covers almost the entire shoreline, except for small patches in Portage Bay, Gasworks Park,
and the south end of Lake Union (Toft et al. 2003a). Armor type ranges from rock riprap to sheetpile and
concrete walls.

Overwater structures Overwater structures are abundant here and cover most of the shoreline. Toft et al. (2003a) surveyed the

shoreline of this area and found that these structures include marinas with houseboats, industrial marinas,
recreational docks, and other types of overwater platforms.

Marinas, houseboats, and
ferries

Several marinas and houseboat communities occur in Lake Union, covering much of the shoreline habitat
where they exist (see overwater structures, above).

Water and sediment quality

The industrial and urban uses in and along Lake Union and the Ship Canal have contributed to impair water
and sediment quality.

Avrtificial lighting

Since Lake Union and the Ship Canal shorelines are located in an urban area, much artificial lighting is
present near the shore.

Removal of riparian and
upland vegetation

Vegetation has largely been removed from the entire shoreline of the lake and canal, except for several
small stretches in Portage Bay, Gasworks Park, and the south end of Lake Union.

LWD removal or loss

LWD is essentially absent in this area, except for sparse undeveloped properties. Because of the developed
shoreline, LWD sources are lacking.

Filling or altering depressional
wetlands

Wetlands along the lakeshore have been historically filled in order to facilitate development. The Salmon
Bay Waterway area, which was historically part of the Salmon Bay estuary prior to the construction of the
Ballard Locks, included large areas of wetlands.

Increases in impervious
surface area

Because this area is within an urbanized setting, there is a large amount of impervious surface area
surrounding Lake Union and the Ship Canal.

Fill

Fill has occurred in areas along the developed lake shore in order to extend the land to the water’s edge,
but there are no dikes in this area.

Stream channelization and
dredging

The Montlake Cut and Ship Canal have both been channelized and dredged for navigation purposes.

Hydrologic alterations

The Ballard Locks impound the water from the Ship Canal and limit exchange between the marine zone of
Puget Sound and the lake system.

Roads

Because this is an urbanized area, roads are in close proximity to the lake and Ship Canal, with associated
development and runoff.

QOutfalls and CSOs

There are numerous outfalls and CSOs located in this area.

Public beaches or park
development

There are a number of publicly accessible shorelines and parks in this area, including Gasworks Park,
South Lake Union Park, and West Montlake Park.

Boat wakes/propeller wash

Boat wakes and propeller wash are prevalent in this area because it is a popular boating zone. Vessels
use the area between the Ballard Locks and the Montlake Cut to travel between the marine zone of Puget
Sound and Lake Washington.

4.2.4.2

Shoreline Habitat Conditions By Reach

The remainder of this section describes the current shoreline habitat conditions, by reach, in
Lake Union and the Ship Canal. The reaches are presented from east (Reach 9, starting at the
Montlake Cut at the outlet of Lake Washington) to west (Reach 12, ending at the Ballard Locks
at the interface with saltwater).




42421 Reach 9
Reach 9 includes the Montlake Cut and
Portage Bay up to the Interstate 5 (I-5)
bridge (Map 9, Appendix C). The reach is
comprised of five sub-reaches (9-a through
9-e). The reach is highly urbanized and
bordered by the University of Washington,
residential development including
numerous houseboats on the shoreline,
marinas, and other water-dependent
commercial businesses. More than 80
percent of the reach shoreline is armored.
There are also 117 overwater structures
and 10 CSOs in this reach.

The Montlake Cut portion of the reach (sub-reaches 9-a and 9-c) is a straight, narrow waterway
with a concrete bulkhead lining both shorelines. The 100-foot-wide waterway was excavated
to provide navigation between Lake Union and Lake Washington. The cut is approximately

30 feet deep and provides no shallow habitat. The lack of shallow water habitat and the high
boat traffic and wave energy that frequently occurs limit the Montlake Cut’s function to a
migratory corridor between the lakes. The Montlake Cut is one of the few shoreline segments
throughout Lake Union and the Ship Canal that has riparian vegetation lining the shoreline and
no adjacent overwater structures to limit the connection between the vegetation and the water.
However, the shoreline is entirely armored. The vegetation is characterized as a scrub-shrub
mix (Toft et al. 2003a) with mature deciduous trees in a narrow band lining the shoreline with
houses (south shore) or grass and parking lots (north shore) growing behind the taller trees.
There are CSOs on the south shore at either end of the Montlake Cut.

Portage Bay from the western end of the Montlake Cut to the I-5 bridge opens up into a
wider water body. Portage Bay is bisected near its southern shore by the SR 520 bridge,
which runs east to west across the bay. South of the bridge, shoreline and wetland habitat
is the most intact and highest functioning area in Lake Union and the Ship Canal. There are
extensive wetlands along this north-facing shoreline (sub-reach 9-d) with relatively intact
adjacent riparian vegetation and little impervious surface area. The wetlands extend north
of the bridge along the eastern shore of Portage Bay. The wetland complex is protected
from high wave energy by long docks that extend across much of the northern portion of
the bay and the bridge. These structures act to dampen wave energy to the area. One
CSO is identified draining into the wetland. Parametrix and NRC (2000) characterized the
area as much more suited for predator species (e.g., bass and perch) than salmonids due
to primarily mud and sand substrate that is heavily overgrown with submerged aquatic
vegetation and significant cover of lily pads and cattails along the shoreline.

The main portion of Portage Bay (sub-reaches 9-b and 9-e) has armored shores comprised
mainly of bulkheads and some riprap. The shoreline habitat in this area is highly impacted
by this shoreline armoring and extensive overwater cover caused by a dense community of
houseboats and marinas along the south shore and commercial docks and boat slips along
the north shore. The exception is along the University of Washington shoreline on the north



shore just west of the Montlake Cut, where there are no overwater structures and even a
short segment with no shoreline armoring. Portage Bay has little riparian vegetation other
than street trees, except for a small park just south of where the Montlake Cut opens into the
bay. The park is lined by trees and has a narrow lawn. The north shore of the main portion of
Portage Bay is lined by the University of Washington and some water-dependent businesses
with a series of docks and boat slips. Along the south shore is a dense community of
houseboats and covered marinas. The upland areas are highly developed with residential
community in the south and the University of Washington to the north. Several CSOs empty
into the shoreline along this reach, almost exclusively along the south shore.

Overall, the shoreline habitat conditions in Reach 9 are more impaired than other reaches

in Seattle (Map B, Appendix C). High amounts of shoreline armoring, overwater structures,
and CSO and stormwater outfalls, as well as a lack of riparian vegetation, are the primary
contributors to this impairment. However, sub-reach 9-d along the south shoreline of
Portage Bay is one of the high value habitat areas in Seattle. In contrast, the adjacent
sub-reach 9-e is among the most impaired sub-reaches in the city. Sub-reach 9-e is highly
impaired for light, pathogens, toxins, and wave energy processes due to extensive overwater
coverage by marinas, docks, and houseboats; extensive shoreline armoring; high amounts of
impervious surfaces; and little riparian vegetation.

42422 Reach 10
Reach 10 has a highly modified shoreline
and encompasses Lake Union from the I-5
bridge, through its main basin, and until
it connects with the Fremont Cut (Map
10, Appendix C). The reach is comprised
of 13 sub-reaches (10-a through 10-m).
Shoreline habitat is impaired throughout
this reach by nearly continuous shoreline
armoring; more than 95 percent of the
shoreline is bulkheads and some riprap.
This armoring hardens the shoreline,
reduces the availability of shallow habitat
along the immediate shoreline, and often reduces the availability of shallow habitat further
offshore, as well, because of dredging that commonly is necessary to maintain navigation
and the shoreline uses of the area. In addition, there is extensive overwater coverage
created by 323 overwater structures. These structures include large industrial docks,
multiple boat marinas, and many houseboat marinas. The surrounding watershed is densely
populated with commercial and residential development. The area has large amounts of
impervious surfaces with little vegetation. There are 17 CSOs that empty into the lake.

Gasworks Park on the north shore of Lake Union (sub-reach 10-b) has some undeveloped
area with a section of unbulkheaded shoreline. The park is at the site of a former coal
gasification plant. The park has almost no riparian vegetation except a grass lawn and
invasive plants (e.g., English ivy and Himalayan blackberries). Most of the park is lined with
bulkheads. Along the southwest facing shore, old low bulkheads and a concrete pier provide



a breakwater with protected shallow areas (Parametrix and NRC 2000). The area has a sand
and gravel substrate with limited amounts of overhanging grasses and other vegetation.

Another shoreline area offering some less impaired shoreline habitat is along the southwest
shoreline of Lake Union west of the Navy Pier. A new park includes areas of green space
and riparian vegetation.

Overall, shoreline habitat conditions in Reach 10 are among the most impaired in Seattle
(Map B, Appendix C). The highly urbanized and numerous water-dependent industrial
facilities on the shoreline have impaired habitat through extensive shoreline armoring and
overwater structures, near continuous impervious surfaces, numerous CS0Os, and a lack of
riparian vegetation. Five of the 13 sub-reaches in the reach are among the most impaired sub-
reaches in the city. The reach is almost entirely highly impaired for toxin processes except in
sub-reach 10- b (Gasworks Park) and sub-reach 10-i in south Lake Union. Similarly, the reach
is highly impaired for light processes except sub-reach 10-b, which has medium impairment.

42423 Reach 11
Reach 11 encompasses the Fremont Cut, a narrow
waterway connecting Lake Union with the Salmon
Bay Waterway at the Ballard Bridge (Map 11,
Appendix C). The reach is comprised of nine sub-
reaches (11-a through 11-i). The reach shoreline
is approximately 98 percent armored. The narrow
Fremont Cut (approximately 150 feet wide; sub-
reaches 11-a, 11-b, 11-e, and 11-f) is armored
with sloping riprap. Where the reach opens up to
a slightly wider industrial area (sub-reaches 11-c,
11-d, and 11-g through 11-i), the armoring is a mix
of bulkheads and riprap. Along its western end,
the cut widens and contains a series of industrial docks and marinas that create extensive
overwater coverage along the south shore. On the north shore, fewer overwater structures
are present. In total, the reach contains 53 overwater structures. On both shores,
commercial and industrial uses extend to the shoreline and the area contains high amounts
of impervious surfaces.

The narrow cut is lined by a single row of deciduous trees and the invasive species English
ivy. English ivy growth extends onto the trees and may limit their long-term viability. The
limited vegetation present along the wider western end is separated from the shoreline.
Two CSOs flow in from the north shore on the western portion of the narrow cut and further
west. Immediately adjacent to the east side of the Ballard Bridge, docks and commercial
businesses form a small, riprap-lined embayment. A small stretch on the south shore just
west of the narrow cut is unarmored with riparian trees. This shoreline area also contains a
couple of marina and dock structures that create overwater cover.



Overall, shoreline habitat conditions in Reach 11 are among the most impaired in Seattle
(Map B, Appendix C). The reach is highly altered by nearly continuous shoreline armoring,
high amounts of impervious surfaces, and limited riparian vegetation despite some trees
and grass along the narrow Fremont Cut. Sub-reaches 11-c, 11-d, and 11-i on the western
portion of the reach are among the most impaired in the city. All three of these sub-reaches
are highly impaired for LWD, phosphorus, and sediment processes. Sub-reaches 11-c and
11-d are highly impaired for toxins processes and sub-reaches 11-d and 11-i are highly
impaired for light processes.

42424 Reach 12
Reach 12, the Salmon Bay Waterway from
the Ballard Bridge to the Ballard Locks, is
a highly modified area (Maps 11 and 12,
Appendix C). The reach is comprised of
seven sub-reaches (12-a through 12-g).
The reach is 98 percent armored along its
shoreline. The shoreline contains a nearly
continuous series of overwater structures
(154 individual structures), including
Fisherman’s Terminal (sub-reach 12-e) and
other commercial and industrial docks and
marinas. On both shores, commercial and industrial uses extend to the shoreline and the
area contains high amounts of impervious surfaces. Vegetation is extremely limited in this
area and the few street trees present are separated from the shoreline. Four CSOs flow into
the north shore of the Salmon Bay Waterway. Due to its proximity to the Ballard Locks, the
Salmon Bay Waterway receives influxes of saltwater that create a salt wedge and expose
outmigrating salmonids to low salinity water.

Overall, shoreline habitat conditions in Reach 12 are among the most impaired in Seattle
(Map B, Appendix C). Like Reach 10 (Lake Union) and Reach 11 (the Fremont Cut), Reach

12 (Salmon Bay) is nearly entirely armored, with numerous overwater structures, a high
percentage of impervious surfaces, and little riparian vegetation. Fisherman’s Terminal in
sub-reach 12-e is the most impaired sub-reach in the Lake Union and Ship Canal area. Toxins,
light, and LWD processes are highly impaired throughout almost the entire reach due to the
extensive overwater structures, industrial land uses, lack of riparian vegetation, and high
amount of impervious surfaces along the shoreline.

4.2.5 Biological Communities

Few studies have been published that describe biological communities specific to Lake Union and the
Ship Canal, but there is expected to be a high degree of overlap in the species present in Lake Union
and the Ship Canal and in Lake Washington (see Section 4.1.5, above) with regard to production and
food webs because general biota are similar and these two lakes are connected at the Montlake Cut.

In terms of the habitats that species use in Lake Union and Lake Washington, Lake Union differs
from Lake Washington in that the basin is much smaller, has no natural freshwater inputs, and



more importantly, the freshwater of the lake is connected to saltwater at the Ballard Locks. This
presents various challenges to the biota in Salmon Bay and near the Ballard Locks. Species that
would typically occur in a natural estuary may not be able to tolerate lower salinities caused by the
Ballard Locks’ operations. Similarly, species that might inhabit most of Lake Union are effectively
stopped from using Salmon Bay and parts of the Ship Canal when the salt wedge intrudes up the
canal. The following sections describe key species groups in the area, and summarize important
attributes and organism-specific use of Lake Union and the Ship Canal habitats.

4.2.5.1 Riparian and Aquatic Vegetation
Because the Ship Canal area has been highly modified for human uses, riparian and aquatic
vegetation is extremely limited and altered in this area. Less than 5 percent of the shoreline of
Lake Union and the Ship Canal has natural vegetation, with most of the shore bulkheaded or
modified with docks and piers (Kerwin 2001). Thus, vegetation, where it exists, includes plants
typically found in urbanized areas, such as ornamental plantings, and native and non-native
grasses and weeds. The invasive species Himalayan blackberry and ivy occur along the top of
bank on the shoreline in many places. Other emergent wetland plants along the shore include
giant horsetail, yellow iris, and white willow (King County 1998).

Shallow water areas are also in short supply in Lake Union and the Ship Canal. Thus, very little
habitat remains for aquatic plants in the area. Aquatic plants present in the lake include coontail
and invasive species such as Eurasian water milfoil, which are invasive and can dominate native
aquatic plant communities. When milfoil becomes fully established, it can limit the ecological
functioning of freshwater lakes, including disturbing fish habitat (King County 1998).

4.2.5.2 Invertebrates
A limited suite of invertebrates are present in the Lake Union and Ship Canal area where salinity
is favorable for their existence. Benthic communities in the lake are dominated by the worms
and leeches, followed by insects, amphipods, isopods, and fingernail clams (Brown and Caldwell
et al. 1994). Other benthic organisms found in Lake Union include flatworms, ribbon worms,
midges, water mites, and crayfish (Brown and Caldwell et al. 1994).

Larger freshwater invertebrates found in the Ship Canal include several species of crayfish,
which occur in high densities on the bottom just upstream of the Ballard Locks. Within the
Ballard Locks themselves, several marine invertebrates have attached to the surfaces of the
large lock chamber, including barnacles and blue mussels (Kerwin 2001).

4.2.5.3 Non-Salmonid Fish

The various salinity regimes in Lake Union and the Ship Canal support freshwater as well as
marine fish species. Because of the Lake Washington connection to Lake Union, freshwater fish
in the Lake Union and Ship Canal system are similar to Lake Washington groups. These include
the native three-spine stickleback, peamouth chub, and non-native species such as yellow
perch, black crappie, sucker, smallmouth bass, brown bullhead, and northern pikeminnow
(Kerwin 2001; King County 1998; McGreevy 1973). Non-salmonid native anadromous fish
present in the area include smelt, river and Pacific lamprey, and the exotic species American
shad (King County 1998).



4.25.4 Salmonids

Salmonids occurring in the Lake Union and Ship Canal area include Chinook salmon, coho
salmon, sockeye salmon, steelhead, cutthroat trout, and occasionally chum salmon, pink
salmon (juveniles), bull trout/Dolly Varden, and the non-native Atlantic salmon. All of the
naturally produced anadromous salmonids living in the Cedar-Sammamish Basin must use
Lake Union as a migratory passageway to and from saltwater (Kerwin 2001). Adult salmon use
the Lake Union and Ship Canal system as a migration corridor to upstream spawning grounds.
Juvenile fish are thought to use the area primarily as a migratory corridor rather then a rearing
and foraging area. This is because their preferred habitat includes littoral, shallow zones along
the shoreline that are generally absent in the Lake Union and Ship Canal area (Seattle 2003).

Because of different life histories and spawn-timing for these species, the presence of juvenile
salmon in the Lake Union and Ship Canal area varies over time. Since they occur in this area en
route to Lake Washington, their timing would be expected to be very similar to that described in
Section 4.1.5.3. Juvenile Chinook generally migrate from Lake Washington to the Ballard Locks
between mid-May and July (SPU and USACE 2008).

4.2.5.5 Shorebirds and Waterfowl
The marine and lake open water areas of Lake Union and the Ship Canal attract a myriad of
water-associated birds year-round. Commonly occurring birds include Canada goose, mallard
duck, gadwall duck, and glaucous-winged gull (King County 1998). Other species use occurs
only in the fall and winter months for wintering or during migration, including ducks such as
American widgeon, bufflehead, greater and lesser scaup, and Barrow’s golden-eye, as well as
western grebe, cormorant, and hooded merganser. Gull species including glaucous-winged
gull, Bonaparte’s gull, western gull, and California gull are also common along the shoreline
(King County 1998). These water bodies are used primarily for foraging activities since nesting
materials and cover are not generally available.

4.3 Duwamish River Estuary

T

4.3.1 Area Description
The area information presented below comes from the Urban Blueprint for Habitat Protection and
Restoration (Seattle 2003) and the Factors Affecting Chinook Populations (Weitkamp et al. 2000).



The Duwamish River Estuary begins at the lowermost extent of the Green/Duwamish River system
(WRIA 9), a 93-mile-long connected river system that originates in the Cascade Mountains near
Stampede Pass and flows generally west and northwest toward Seattle. Currently, the Green/
Duwamish River basin drains 483 square miles (Weitkamp et al. 2000). Tidal influences are
observed upstream to about the mouth of the Black River in the city of Tukwila. These lowermost
11 miles of the system comprise the brackish estuarine environment known as the Duwamish River
Estuary. The Duwamish is considered vital to salmon as a transition area for adaptation of migrants
to salinity changes (Williams et al. 1975; WRIA 9 2005). The lowermost 4.6 miles of the Duwamish
River Estuary are located within the city of Seattle. For the purposes of this discussion, the term
Duwamish River Estuary is limited only to that part of the estuary occurring in the city of Seattle.
The Green/Duwamish River is so named because the Green River flows into the Duwamish River.
Several other rivers that historically contribute to the Duwamish River have been diverted out of the
system. A description of these hydrologic changes is provided in Section 4.3.2.

The Duwamish River Estuary is the largest estuary in Seattle, although it has been highly altered
and is now a small remnant of its pre-development state (Kerwin and Nelson 2000). The Duwamish
River Estuary has been developed for water dependent commerce and heavy industry. Most of

the major landscape-forming events affecting the estuary occurred in the early 1900s. During this
time, a substantial quantity of filling and dredging occurred to construct Harbor Island, the East

and West Waterways, and the Duwamish shipping channel upstream to the Turning Basin. The full
length of the Duwamish River Estuary occurring in Seattle and another approximately 0.7 miles
upriver is dredged for navigation and contains deep water habitats where none previously existed
(Warner and Fritz 1995). As a result, approximately 9.3 miles of estuarine channel habitat has
been replaced by 5.3 miles of deep channel habitat (Blomberg et al. 1988).

In the floodplain, the mainstem Duwamish River was considerably straightened, diked, and armored
in order to prevent flooding and to increase developable land. Filling to increase the developable
land base has resulted in a reduction of between 96 percent and 99 percent of the intertidal
mudflats and estuarine wetlands historically present in the Duwamish River Estuary (Williams et

al. 2001). Kellogg Island was formed by extensive fill placements, but includes remnants of two
historical channels and has a densely vegetated riparian zone and intertidal wetlands. These
represent a majority of the remaining intertidal wetlands in the Duwamish River Estuary (Simenstad
et al. 1991). Even though the historical Duwamish River Estuary was small relative to other
estuaries in the Pacific Northwest (Collins and Sheikh 2005), today, less than 1 to 2 percent of the
historical area of mudflats and intertidal areas remains in this area and most natural habitats have
been dredged and filled (Blomberg et al. 1988). Extensive fragmentation and disconnection of
remaining habitats has occurred (King County and WRIA 9 2005).

4.3.2 Hydrology

The redirection of several rivers at the start of the 20th century significantly altered the size of the
watershed and the volume of water flowing through the Duwamish River Estuary. Historically, the
White River flowed into the Green River and then to the Duwamish. Between 1906 and 1917, these
flow sources were diverted and cut off in order to reduce flooding in the Duwamish River lowlands.
The White River was diverted into the Puyallup River, the Black River's headwater flows were largely
diverted, and the Cedar River was diverted into the south end of Lake Washington, which was




lowered to allow water to outflow through Lake Union and the Ship Canal. This left only the Green
River connected to the Duwamish, and these two water bodies are now artificially distinguished in
name only at river mile 11.0 (Green River upstream, Duwamish River downstream), the confluence
of the now remnant Black River. The Green River also experienced a watershed-altering project
during this period when, in 1911, the City of Tacoma constructed a municipal water supply diversion
dam (“Tacoma Headworks”) at river mile 61 (King County 2004).

One result of these actions was that the drainage area of the Green/Duwamish watershed was
drastically reduced to 30 percent of its former size and accessible streams were reduced to 7 percent
(USACE and King County 2000). The mean annual flow for the Duwamish River was estimated at
2,500 to 9,000 cfs prior to the re-plumbing of the watershed (Fuerstenberg et al. 1996). By 1996, the
mean annual flow of the Duwamish River was estimated to be approximately 1,700 cfs (USACE 1997),
a total reduction between 32 percent and 81 percent from historical conditions.

In addition to river flow from the upper watershed, the Duwamish River Estuary receives runoff from
approximately 18 square miles of land in south Seattle. Drainage conveyance systems in the basin
consist mostly of piped networks, with more than 200 outfalls entering the river from the southern
edge of the city limits to the south end of Harbor Island. These outfalls include 40 publicly-owned
storm drains, 10 CSO outfalls, five emergency overflows from city/county sewer pump stations, and
private storm drains or unidentified outfalls (Herrera 2004). Within the East and West Waterways,
there are an additional 40 storm drain outfalls, seven pump station emergency overflows, and

six CSOs (Seattle 2007). Longfellow Creek and Puget Creek are the only creeks in the basin with
substantial portions of open channel. Land use in the basin is evenly distributed between roadways
(27 percent), residential (22 percent), and industrial (28 percent) uses, with lesser amounts of
commercial (6 percent) and open space/vacant land (14 percent) (Seattle 2004a).

4.3.3 Water and Sediment Quality

Water and sediment quality information in this section is excerpted from Herrera (2008). The
environment of the Duwamish River Estuary is driven by the interface between freshwater from the
Green River and saltwater from Elliott Bay and Puget Sound. The Duwamish River Estuary is a well-
stratified, salt-wedge type estuary that is influenced by the river’'s freshwater flow and tidal effects.
Circulation of water within the Duwamish River Estuary comprises a net upstream movement of water
within a lowermost salt-water wedge and a net downstream movement of fresher water in the layer
overriding the wedge. The saline wedge water, which has its source in Elliott Bay, oscillates upstream
and downstream with the tide. During periods of low fresh-water inflow and high tide stage, the
saltwater wedge has extended as far upstream as the Foster Bridge, 10.2 miles above the mouth of
the river. At fresh-water inflow greater than 1,000 cfs, the salt-water wedge does not extend upstream
beyond the East Marginal Way Bridge (river mile 7.8) regardless of the tide height (Stoner 1967).

Water and sediment within the Duwamish River have been significantly impacted by industry,
shipping, wastewater treatment, and urban runoff (a general description of Seattle’'s wastewater
and key impacts to water bodies can be found in Section 4.1.3). These influences have led to the
listing of the Lower Duwamish on the USEPA’'s National Priorities List. In an analysis of available
water quality and sediment data, Herrera (2008) noted the following key findings:
* Fecal coliform concentrations for monthly monitoring at three King County stations met the
freshwater secondary contact recreation criteria for all but one of 60 samples.



¢ Metal concentrations in water were below water quality criteria in 1996 and 1997.

* Water temperatures have an increasing trend of approximately 2 °C for maximum tempera-
tures from 1970 to 1998. Include the range of temperature

* Dissolved oxygen concentrations have improved since the 1970s, yet still do not meet the
marine water quality criteria (5 mg/L) in some locations.

¢ Arsenic concentrations in sediment were detected in 93 percent of the samples collected
between 1990 and 2007, and exceeded the sediment quality standard of 93 mg/kg with a
range of 1.2 to 1,100 mg/kg.

¢ PCBs were detected in 94 percent of 1,327 locations evaluated from 1990 to 2007. Total
PCBs exceeded the sediment quality standards in 37 percent of the samples and at more
locations than any other chemical.

The urban and industrial land uses, combined with altered hydrologic and geomorphic regimes
within the Duwamish Watershed, have impacted the water and sediment quality of the river
considerably. Ecology’s 2004 303(d) list identified the Duwamish River as a threatened and
impaired water body for altered pH and low levels of dissolved oxygen (Ecology 2004).

Although fecal coliform bacteria was previously included on the 1998 303(d) listing, this has been
removed from the most recent 2004 listing. Sediment quality is also a concern for the Duwamish
River. Most of the historical sources of sediment contamination have been reduced or eliminated;
however, the highly developed and industrial nature of the watershed continues to create ongoing
sediment contamination challenges.

Sediment quality is a concern in the Duwamish River, and the Duwamish River is a Superfund site
currently undergoing investigation and remedial activities. Most of the sediment contamination in
the Duwamish River Estuary is assumed to be from historical municipal and industrial activities,
including wastewater discharges. Some of these historical sources have been controlled

through regulation, improved business practices, and industrial cleanups. In addition, sanitary
sewer systems have been diverted, manufacturing wastes have been monitored, and CSOs

and stormwater discharges have been greatly reduced and monitored. The primary sources of
chemicals to the lower Duwamish Waterway are industrial or municipal discharges; spills, leaks, or
illegal dumping; atmospheric deposition; and waste disposal on land or in landfills. Although many
historical sources have been controlled, there are sources of sediment contamination that continue
to discharge into the Duwamish. These include stormwater runoff, CSOs, industrial wastewater
discharges, deposition from air emissions, illicit discharges and spills, erosion of contaminated
bank material, and upstream contributions from the Green River (Windward 2007).

4.3.4 Shoreline Habitat

As described above, the shoreline habitats of the Duwamish River Estuary and surrounding areas are
highly modified. The area is heavily urbanized and industrial. The estuary has been transformed from
a relatively shallow estuary with extensive side channels and mudflats to a deep straightened channel.
Nevertheless, the estuary is an ecologically important transition zone from freshwater to saltwater
environments. The significant changes to this area began more than 100 years ago and dramatically
changed the appearance, size, and function of shoreline habitats in the area.
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Overview of Stressors

Table 4-3 summarizes the stressors affecting shoreline habitat and conditions in the Duwamish

River Estuary.

Table 4-3: Stressors Affecting Shoreline Conditions in the Duwamish River Estuary

Stressor Stressor Conditions in the Duwamish River Estuary

Armoring Armoring covers almost the entire shoreline, except the shoreline around and near Kellogg Island and
some small restoration projects along the waterway. Armor type ranges from rock riprap to sheetpile and
concrete walls.

Overwater structures Overwater structures are abundant here and cover large portions of the shoreline. These structures

include piers, docks, and structures associated with port and marine terminals near the mouth of the river,
as well as marinas and overlook platforms further upstream. Many of the overwater structures cover not
only long portions of the shoreline, but extend far into the waterway and therefore create especially dark
areas that receive no direct sunlight.

Water and sediment quality

The industrial and urban uses in and along the Duwamish River Estuary have contributed to impaired
water and sediment quality.

Artificial lighting

Since this is a highly urbanized and industrial area, much artificial lighting is present near the shore.

Removal of riparian and upland
vegetation

Vegetation has largely been removed from the entire shoreline of the Duwamish River Estuary, except
along Kellogg Island and several restoration projects where riparian and marsh plantings have occurred.

LWD removal or loss

LWD is essentially absent in this area, except as installed with restoration projects or where it collects due
to recessed bulkheads or other shoreline pocket configurations. Generally, because of the developed
shoreline, LWD sources are lacking.

Filling or altering depressional
wetlands

Many acres of estuarine wetlands were filled in order to facilitate development (Blomberg et al. 1988).

Fill and dikes

Filling and diking has occurred along the entire shoreline of the estuary in order to increase buildable area.
In addition, filling has occurred in the river’s floodplain to contain the channel.

Increases in impervious surface
area

Because this area is within an urbanized setting, there is a large amount of impervious surface
surrounding the Duwamish River Estuary.

River channelization and
dredging

The river has been extensively dredged and channelized for navigational and flood control purposes.

Hydrologic alterations

The re-plumbing of the White, Green, Black, and Cedar Rivers has decreased the overall volume of the
Duwamish River by 32 to 81 percent from historical conditions (USACE 1997). In addition, all smaller
tributaries in this reach are entirely or partially conveyed through an underground system of pipes.

Roads

Because this is an urbanized area, roads are in close proximity to the Duwamish River and estuary, with
associated development and runoff.

Qutfalls and CSOs

There are numerous stormwater outfalls, other outfalls, and CSOs located in this area.

Public beaches or park
development

There are no public beaches or parks in this sub-area. There are however, some areas available for
public access.

Boat wakes/propeller wash

Boat wakes and propeller wash are prevalent in this area because it is a federal navigational channel.
Vessels use the area regularly for commerce and pleasure boating.

Boat launches

There are several small boat launches with ramps present.

4.3.4.2

Shoreline Habitat By Reach

The remainder of this section describes the current shoreline habitat conditions, by reach, in the
Duwamish River Estuary.




43421 Reach 13
Reach 13, Harbor Island and the East and West
Waterways, is the most industrialized part of the
Seattle waterfront (Map 13, Appendix C). The
reach is comprised of 14 sub-reaches (13-a
through 13-n).

Overall, shoreline habitat conditions in Reach 13
are among the most impaired in Seattle (Map

B, Appendix C). This area contains mainly port
terminals and commercial shipping facilities. The
shoreline is 99.5 percent armored with vertical steel sheetpile walls and large riprap. Shallow
shoreline habitat is almost entirely absent due to the extensive dredging and overwater
coverage created by 63 overwater structures. Of the 14 sub-reaches in the reach, seven

are among the most impaired in the city, three are more impaired, and four are moderately
impaired. All watershed processes are medium or highly impaired in all sub-reaches except
pathogen processes in sub-reaches 13-d and 13-k; tidal processes in sub-reaches 13-g and
13-n; and sediment processes in sub-reaches 13-b, 13-e, 13-g, and 13-n.

One small area providing shallow water habitat, despite armored shorelines, is the southern
shoreline of Terminal 27 (sub-reach 13-d) on the eastern shore of the East Waterway. Puget
Creek, located on the western shore of the Duwamish River and just south of Harbor Island in
sub-reach 13-j at Terminal 105 has been daylighted to provide some restored function. This
area now functions as a restored estuarine channel, although overall, this sub-reach remains
moderately impaired.

4.3.4.2.2 Reach 14
Reach 14 includes the stretch of the Duwamish
River upstream of Reach 13 (Harbor Island and
the East and West Waterways) starting at river
mile 0.4, to the Seattle city limit at river mile
4.6 (Maps 13 and 14, Appendix C). This reach
is comprised of 27 sub-reaches (14-a through
14-aa). This area is heavily urbanized with many
industrial activities, but also contains many
vessel slips for commercial use. The shoreline
is heavily armored with rock riprap and sheetpile
walls and generally lacks vegetation and shallow
water. Exceptions to the armoring include Kellogg Island (sub-reach 14-u) and the adjacent
shoreline (sub-reaches 14-r through 14-t) as well as a restored area at the General Service
Administration (GSA) site (sub-reach 14-c). The GSA site is a long, narrow, intertidal strip
running parallel to the east bank of the Duwamish Waterway that now exhibits riparian and
wetland plants as well as a habitat bench. Kellogg Island, the adjacent shoreline, and the
sub-reach across the river are the highest functioning sub-reaches in the Duwamish River
Estuary. The remainder of the waterway is relatively low functioning habitat except for the
small restoration sites.




Overall, the shoreline habitat conditions in Reach 14 are more impaired than other reaches
in Seattle (Map B, Appendix C). The reach is heavily urbanized to support industrial
activities, but the multiple small areas that have been restored contribute some functional
value. Kellogg Island, the adjacent shoreline, and the sub-reach across the river are the
highest functioning sub-reaches in the Duwamish River Estuary and are among the least
impaired sub-reaches in the city. Toxins, nitrogen, phosphorus, and LWD are the most
uniformly impaired processes in Reach 14.

4.3.5 Biological Communities

The Duwamish River Estuary contains a varied assemblage of aquatic and wildlife species and a food
web that includes several levels of predators and prey. The base of the food web in this area is the
benthic invertebrate community, which feeds on the detritus that accumulates on the bottom sediments.
This process is similar to that described in detail for the marine nearshore area in Section 4.4.5.

4.3.5.1 Riparian and Marsh Vegetation
As previously stated, much of the historical vegetation in the Duwamish River Estuary has been
eliminated due to development of the floodplain and shorelines. This is limited to portions
of Kellogg Island and other small intertidal areas with vegetated intertidal habitat (USFWS
2000; Windward 2003b). Where riparian vegetation still remains or has been restored, it
includes conifers such as Sitka spruce and deciduous trees including willow, red alder, and
black cottonwood; shrubs include roses and Douglas spirea (Collins and Sheikh 2005). Marsh
vegetation is very limited, and is primarily only present at restoration sites or as remnant marsh
plants where they exist. These sites include such emergent rushes and sedges at elevations
typically ranging from approximately +5 to +12 feet MLLW (Cordell et al. 2001). Vegetation
found higher in the marsh includes plantains, saltgrass, saltbush, silverweed, and gumweed
(Cordell et al. 1999).

4.3.5.2 Invertebrates
Invertebrates present in the Duwamish River Estuary include species that can survive fresh- as
well as saltwater influence. The areas of greater salinity can support a variety of crabs, shrimp,
sea stars, anemones, and mussels (Windward 2005; Anchor and King County 2007). Smaller
animals and those found in both saltier and fresher water include the worms, amphipods,
clams, and other small crustaceans that live on the bottom or in the sediments and filter feed
or feed on bottom detritus and vegetation (Cordell et al. 1999, 2001; Windward 2004). They
would be expected to be found in areas with shallow water and mudflats at low tide. Many of
these animals provide prey for juvenile salmonids and other small fish as they grow and rear in
these areas. In addition, terrestrial insects such as flies and aphids are present on the water’s
surface where marine and marsh vegetation is adjacent to the water (Cordell et al. 1999, 2001).
These are available when low tides bring marsh water back into the shallow water zone.

4.3.5.3 Resident Fish

Common pelagic fish in the Duwamish River Estuary include shiner surfperch, pile perch, snake
prickleback, juvenile Pacific tomcod, tubesnout, and three-spine stickleback (Anchor and King
County 2007; Windward 2005). In areas with small substrates, flatfish such as starry flounder,



English sole, and rock sole would be found. Forage fish in the area include Pacific sandlance,
Pacific herring, surf smelt, and longfin smelt. These fish would primarily be swimming through
the area in search of food, as their spawning typically occurs along sandy marine shorelines
such as those in Puget Sound. Small fish such as Pacific staghorn sculpin would be found on or
near the bottom associated with rocky or armored substrates where cover is abundant.

4.3.5.4 Salmonids
Eight species of anadromous salmonids have been noted in the Duwamish River Estuary (Seattle
2003). Chinook, coho, chum, and steelhead are common; pink, sockeye, sea-run cutthroat trout,
and bull trout are rare (WDFW 2000; Grette and Salo 1986). These fish use the estuary for rearing
and as a migration corridor for adults and juveniles. Sea-run cutthroat trout exist in the Duwamish
River Estuary, but very little is known about this population or its use of the system (Warner and
Fritz 1995).

Chinook occur in the system as juveniles year-round as they rear; they then outmigrate in

two groups in February/March and May/June. Adult Chinook typically migrate and spawn

in mid-August through November. Coho juveniles are present year-round for rearing and

then outmigrate in late April through June. Coho adults spawn in late September through

early January. Chum occur as juveniles during rearing in late February through July before
outmigrating to Puget Sound. Adult chum spawn in November to mid-January. Steelhead in the
Green-Duwamish are both winter and summer run, and rear year-round in the system. Juveniles
typically outmigrate in early April through June. Summer-run adults spawn in mid-January
through the end of March, and winter-run fish spawn February through June.

Of these salmonids, Chinook salmon have been studied the most extensively in the Green-
Duwamish system. Puget Sound Chinook salmon were listed as threatened under the federal
Endangered Species Act on March 24, 1999. Chinook salmon returning to the Duwamish
River and the Green River have been a mixture of natural and hatchery Chinook salmon since
approximately 1904, when the Green River Hatchery on Soos Creek was opened. The naturally
spawning component of the Green River Chinook run contains a mixture of wild and hatchery
Chinook salmon.

4.3.5.5 Aquatic Mammals
Aquatic mammals of the Duwamish River Estuary include harbor seals and California sea
lions that have moved upstream from Puget Sound to feed in the river (Windward 2007). A
key component of their diet is the adult or juvenile salmon present in the area (Osborne et al.
1988). River otters are also present in the river, and would be associated with shoreline areas
(Tanner 1991).

4.3.5.6 Shorebirds and Waterfowl
Ten species of shorebirds and wading birds have been documented in the Duwamish River
Estuary: great blue heron, green heron, three species of sandpipers, dowitcher, dunlin, killdeer,
sanderling, and lesser yellowlegs (Cordell et al. 1999). These birds either fly over the water,
paddle, or wade into it in search of fish prey in the shallow aquatic zone.



About 17 species of waterfowl, including 13 species of ducks, three species of geese, and
the American coot, also use the Duwamish River Estuary and lower river (Cordell et al. 1999).
In general, these migratory birds overwinter in the Puget Sound area (and further south)

and migrate north in the summer. A resident population of mallards lives year-round in the
lower Duwamish River area, and migratory mallards have been reported to move through the
waterway (Windward 2007). Ducks such as canvasback, greater scaup, gadwall, bufflehead,
and both common and Barrow’s goldeneye use the area.

4.4 Marine Nearshore of Puget Sound, including Elliott Bay and Shilshole Bay

441 Area Description

The marine nearshore area of Puget Sound extends between Seattle’s northern and southern limits
along Puget Sound: approximately 30 miles of shoreline. The marine nearshore zone is generally
defined as the area between the upland-aquatic interface to the lower limit of the light penetration
zone in the marine aquatic environment (roughly to a depth of 100 feet) (Seattle 2004a). The
nearshore environment extends landward to include coastal landforms such as coastal bluffs, the
backshore, sand spits, and coastal wetlands, as well as marine riparian zones on or adjacent to any
of these areas.

The portion of the Seattle area draining to the marine nearshore encompasses an area of about
15 square miles along the western edge of Seattle. This includes drainages from Piper’s, Schmitz,
and Fauntleroy Creek Watersheds, the three largest creek watersheds in Seattle that flow directly
into Puget Sound. Two large river systems that support large numbers of salmon, the Green/
Duwamish River and the Cedar River/Lake Washington/Lake Sammamish systems, flow through
Seattle before draining into Puget Sound. The Duwamish River Estuary is described in Section

4.3 and flows into the Elliott Bay portion of Puget Sound. The Cedar River/Lake Washington/Lake
Sammamish systems drain into Lake Union and the Ballard Locks, described in Section 3, before
entering the Shilshole Bay portion of Puget Sound. Land use in the basin consists of residential (50
percent), roadways (22 percent), open space/vacant land (17 percent), commercisl (6 percent), and
industrial (4 percent) areas (Seattle 2004a).

In 2003, the City of Seattle prepared an “Urban Blueprint for Habitat Protection and Restoration”
(Seattle 2003), which described characteristics of the marine nearshore within the city’s
boundaries. The following description is largely taken from that document. Human alteration to the



nearshore environment has been occurring in Seattle since at least the late 1800s. Alterations to
the aquatic environments of the marine nearshore of Seattle include extensive filling within Elliott
Bay and other areas to increase the city’s land base, re-routing the watercourse of major rivers,
bank hardening of the intertidal zone along a significant portion of the shoreline areas for a railroad
right-of- way and for property protection, dredging for navigation, and construction of commercial
piers and marinas. The marine nearshore area also receives inputs from 75 stormwater outfalls, 37
CSO outfalls, and three treatment facilities (Seattle 2004a; Herrera 2005a). In the upland portions
of the marine nearshore, the alterations include removal of native vegetation, filling of wetlands,
construction of impervious surfaces, and introduction of chemical contaminants. The combination
of these historical habitat losses and the cumulative impacts of urban development have resulted
in major changes to the shoreline environment and the marine nearshore ecosystem.

4.4.2 Hydrology

Hydrology in Puget Sound and associated bays is driven by the interaction between tides, wind/
waves, and freshwater entering the sound, with tides as the dominant force in this process. Tides in
Puget Sound are called mixed semi-diurnal, wherein there are two high and two low tides each day
with different heights. These tides have an average range of 12 to 14 feet. These tides flow into
Puget Sound daily, primarily through the connection to the Pacific Ocean at Admiralty Inlet, to the
north of Seattle. Along Seattle’s shorelines, the tidal circulation pattern mainly consists of relatively
freshwater outflow toward Admiralty Inlet occurring in the surface layer, and inflow from the inlet
occurring at depth (Ebbesmeyer and Cannon 2001). Seaward water flow near Seattle is influenced
by discharge from the Puyallup and Duwamish Rivers flowing from the south, which accounts for
about 20 percent of the total riverine outflow into Puget Sound (Burns 1990; Downing 1983).
However, the diversion of the White and Cedar Rivers that historically flowed into the Duwamish
River have significantly reduced the volume of flow funneling through the Duwamish River and into
Elliott Bay (see Duwamish River Estuary section of this document). In Elliott Bay, water generally
circulates counter-clockwise. Freshwater enters from the Duwamish River, moves north along the
central downtown waterfront, and then flows out to Puget Sound (Ecology 1995; WSDOT 2004).
Water currents along the central downtown waterfront area are generally low and oriented parallel
to the downtown waterfront pier faces (WSDOT 2004). Very short-term current accelerations result
from ship wakes from ferries, Port of Seattle harbor traffic, and vessels traveling in the Puget Sound
shipping lanes.

In contrast to the Duwamish River flow volumes, the volume of freshwater flow entering at Shilshole
Bay is much larger than what occurred historically. With the rerouting of the Cedar River and
construction of the Ship Canal and Ballard Locks, the estuary transformed from one draining only a
small creek from Lake Union to the estuary of a large freshwater system including Lake Washington,
Lake Sammamish, and the Cedar River.

As with the major river hydrologic alterations, smaller tributary streams and stormwater run-off have
also been significantly altered in Seattle. In natural settings, these water sources can influence
small shoreline areas (microhabitats) by creating pocket estuaries and intertidal seeps . In Seattle,
the smaller tributaries have been piped or culverted, which, in combination with other shoreline
alterations such as bank armoring and fill, reduce the formation of pocket estuaries. Stormwater

in some areas of Seattle, particularly Elliott Bay, is piped and routed to West Point and/or CSOs



depending on flow volumes. These stormwater alterations reduce the surface and groundwater
transport into Puget Sound. The stormwater alterations, in combination with other shoreline
alterations such as bank armoring and fill, reduce the occurrence of freshwater seeps that can be
productive areas for aquatic plants and animals (e.g., forage fish).

4.4.3 Water and Sediment Quality

Salinity along the Puget Sound shoreline is generally between 20 and 30 parts per thousand. In
Shilshole Bay, the salinity pattern is modified at the point where freshwater leaves the Ballard
Locks at Shilshole Bay and enters Puget Sound due to the operation of the locks. Freshwater now
enters in a series of pulses, which causes unusual circulation patterns in Shilshole Bay. Salinity
immediately below the Ballard Locks remains generally high (approximately 10 to 29 parts per
thousand), although a shallow freshwater lens (approximately 3 to 6 feet deep) is often present
(Simenstad et al. 1999b). In the summer, when flows are low, saline water dominates and no
freshwater lens is formed at all (Kerwin 2001).

Water and sediment quality information in this section is excerpted from the State of the Waters
report (Herrera 2008). The overall water quality in Puget Sound is generally good, yet concerns
exist. Sediment quality is of concern in the nearshore where industry and urban runoff have
resulted in the contamination of valuable habitat. Key water quality findings for Puget Sound are
summarized below:
* Ammonia concentrations are low and met state water quality standards at all King County
stations in 2004.
* Concentrations of metals in the waters are generally low and meet the acute and chronic
toxicity state standard.
* Concentrations of organic compounds in the waters are also generally low.
» Water temperatures have increased over the last century by 2.60F. include range in all sec-
tions
e Fecal coliform bacteria concentrations at beach locations frequently exceed the marine
water quality criteria.
* Dissolved oxygen concentrations have decreased in recent years but continue to meet state
standards.
* Concentrations of metals, PAHs, PCBs and other organic compounds were elevated in sedi-
ment collected from 1995 to 2004 in multiple areas within Puget Sound, especially Elliott
Bay. A history of sediment cleanup for contaminated sediments exists in the Elliott Bay and
Seattle waterfront areas.
e Mercury concentrations exceeded the sediment quality standard in Elliott Bay and the Se-
attle waterfront in samples collected from 1995 to 2004.

In a separate water quality analysis throughout Puget Sound, the Puget Sound Action Team (PSAT)
developed a water quality concern index for marine monitoring stations (PSAT 2007). Using data
collected between 2001 and 2005, areas were rated based on the following five parameters of
concern: very low DO, strong temperature stratification, low dissolved inorganic nitrogen (DIN),
high ammonium (NH4), and high fecal coliform bacteria levels. Based on this index, the “highest
concern” areas across the Sound include Hood Canal, Budd Inlet, Penn Cover, Saratoga Passage,



and Possession Sound. Stations along Seattle’s shoreline range from “lowest” to “high” concern.
Elliott Bay is of high concern as is the area near West Point (PSAT 2007).

Puget Sound water and sediment have been affected for over 150 years by chemical contaminants
present in stormwater runoff, industrial activities, wastewater discharges, and other nonpoint
sources. In the Seattle area in particular, the marine nearshore area receives inputs from 75 storm
drain outfalls and 28 CSO outfalls (Herrera 2005a) (a general description of Seattle’s outfalls and
key impacts to water bodies can be found in Section 4.1.3). There are two wastewater treatment
plants within the Seattle boundaries of Puget Sound: the West Point Wastewater Treatment Plant
(southwest of the mouth of the Lake Washington Ship Canal), and the South Wastewater Treatment
Plant (located on the Green River). The outfalls of both these facilities discharge to the deep
waters of Puget Sound off of West Point (WPWWTP) and Duwamish Head (SWWTP). Four large CSO
treatment facilities also influence water quality: Alki CSO treatment plant, Carkeek CSO treatment
plant, Elliott west CSO facility, and Henderson/Martin Luther King CSO facility.

The constant rate of exchange of water in Puget Sound is an essential factor in maintaining good
water quality in the offshore areas. The nearshore is more affected by human activities from
developed land uses, associated stormwater runoff, and shoreline erosion (Seattle 2007).

Boastal bluffs are the primary source of beach sediment along the Puget Sound shore
(Johannessen and MacLennan 2007). Like many urban areas along Puget Sound, the Seattle
marine nearshore exhibits sediment contamination problems caused by historical waterfront
activities, as well as CSOs and storm drain outfalls. Sediment quality in the Elliott Bay portion of the
central basin of Puget Sound is listed as impaired due to the presence of elevated concentrations
of heavy metals, PAHs, PCBs, and other organic compounds (Seattle 2005; Seattle 2004a). The
3-acre area around the Denny Way CSO in Elliott Bay was dredged and capped in 1990 because
the sediment was contaminated with mercury, silver, PAHs, and BEHP. The Seattle waterfront was
also capped in 1992 due to elevated concentrations of cadmium, mercury, silver, and organic
compounds. Additional sites continue to be monitored for future cleanup (Seattle 2007a).

4.4.4 Shoreline Habitat

The shoreline of Puget Sound in Seattle is lined by the BNSF railroad along the north, dense
commercial and residential development in Shilshole Bay, heavy urban and industrial development
in Elliott Bay, and more residential development in Alki and south Seattle. These shoreline
developments impact the physical habitat and ecological functions of the Puget Sound nearshore.
Puget Sound nearshore habitats are important areas for the overall function of the Puget Sound
ecosystem. These shoreline areas provide necessary habitat structure and functions relied upon by
numerous plant and animal species.

4441 Overview of Stressors
Table 4-4 summarizes the stressors affecting shoreline habitat and conditions in the marine
nearshore of Puget Sound.



Table 4-4: Stressors Affecting Shoreline Conditions in the Marine Nearshore of Puget Sound

Stressor Stressor Conditions in the Marine Nearshore of Puget Sound

Armoring Armoring covers almost the entire marine nearshore in this area, except the Discovery Park and Magnolia
Park shorelines. Armor type ranges from rock riprap to sheetpile and concrete walls. The central Seattle
waterfront in Elliott Bay is bordered by a vertical seawall more than 1 mile long. The shoreline containing the
BNSF railroad north of Shilshole is heavily armored by large riprap.

Overwater structures The type and location of overwater structures in this area vary depending on the level of development. Piers

and docks are abundant in the downtown, marina, and marine terminal areas. Overwater structures are not
as abundant in the residential areas north and south of the city.

Marinas, houseboats,
ferries

There are two marinas in this area, Elliott Bay Marina and Shilshole Marina. Also, Washington State Ferries
operates a ferry terminal in downtown Seattle at Pier 52.

Water and sediment quality

The industrial and urban uses in Elliott Bay have contributed to impaired water and sediment quality.

Avrtificial lighting

Since this is a highly urbanized and industrial area, much artificial lighting is present near the shore, especially
near downtown. Areas not as heavily lighted include Discovery Park and residential areas north of Shilshole
Marina and south of Discovery Park, as well as south of Alki Point.

Removal of riparian and
upland vegetation

Vegetation in this area varies depending on the level of development. In the area north of Discovery Park, in

Magnolia, and along the BNSF railroad corridor, vegetation is close to the shore (although separated from the
shoreline by the railroad). In residential areas north and south of the city, vegetation is variable depending on
the landowner. In the downtown, marina, and marine terminal areas, vegetation is absent.

LWD removal or loss

LWD occurs mostly in the undeveloped portions of the shoreline, such as Discovery Park and other small
unarmored pockets that allow LWD to collect. Because of the highly developed shoreline in many areas, LWD
sources are sparse.

Filling or altering
depressional wetlands

Many acres of estuarine wetlands in and near the Duwamish River were filled in order to facilitate development
(Blomberg et al. 1988).

Fill Filling has occurred along the shoreline in much of the downtown corridor, near the mouth of the Duwamish
River, in the former Smith Cove area (Terminals 90 and 91) of north Elliott Bay, and in West Seattle in order to
increase buildable area. Substantial fill occurs along the entire BNSF railroad in north Seattle to provide land
for the railroad along the Puget Sound shoreline.

Dredging The shorelines of downtown Seattle and the mouth of the Duwamish River were dredged extensively for

navigational purposes.

Increases in impervious
surface area

Because this area is within a highly urbanized setting, impervious surface area is abundant near the
shoreline. Impervious surfaces are most prevalent in the downtown and Duwamish River Estuary area where
development is densest.

Roads

Because this is an urbanized area, roads are in close proximity to the shoreline, with associated development
and runoff.

Bridges or culverts

Bridges and culverts are not a factor in sediment transport in marine areas in the way they are in river systems.
However, bridges and culverts do restrict sediment transport downstream in the urban creeks that discharge to
Puget Sound.

Outfalls

There are numerous stormwater, industrial, and CSO outfalls in this area.

Public beaches or park
development

Discovery Park and Magnolia Park both maintain public beaches. There is a public park just north of
downtown extending from Pier 91 to downtown, including Port of Seattle property, Seattle Parks’ Myrtle
Edwards Park, and the Seattle Art Museum’s Olympic Sculpture Park.

Boat wakes/propeller wash

Boat wakes and propeller wash are prevalent in the shoreline areas nearest the marinas and downtown.
Vessels use the area regularly for commerce and pleasure boating.

Boat launches and rails

There are many boat launches with ramps and many sets of marine rails in this area. Marine rails are
abundant south of Alki Point in South Seattle and in the south shoreline of Shilshole Bay.

Jetties, breakwaters, groins

There are breakwaters at both the Elliott Bay and Shilshole marinas.




