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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
from this report. The cover page to the map folio includes important directions
for interpreting the maps. Appendices A and B provide additional technical
detail about the methods and results of the analyses of aquatic conditions.

SHORELINE CHARACTERIZATION REPORT 1



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 and assesses the ecological
conditions of Seattle’s shorelines. This Shoreline Characterization Report will be used by DPD to
update Seattle’s Shoreline Master Program (SMP) and is required as part of the SMP update under
WAC 173-26-201(3)(d)(i).

Shoreline ecological functions analyzed include hydrologic functions, shoreline vegetation, and
habitat. Characterization of these functions is tailored to the type of shoreline: water courses,
lakes, associated wetlands, estuaries and marine shorelines. The overall ecological condition of the
shoreline is determined by the following ecosystem processes and functions:

e Distribution, diversity and complexity of the watersheds and shoreline environments;

e Spatial and temporal connectivity within and between watersheds and shorelines;

¢ Physical framework of the aquatic system,;

* Timing, volume, and distribution of woody debris;

e Water quality;

e Sediment regime;

* Range of flow variability; and

* Species composition and structural diversity of plant communities.

The ecological condition of Seattle’s shorelines define the aquatic health and the ability of the
city’s water courses, lakes, estuaries, wetlands and marine nearshore habitats to perform critical
functions, such as filtering water, moderating floods, and capturing sediment. Based on a number
of research, monitoring, and assessment reports, this information has been collectively compiled
and organized to be readily accessible to City of Seattle staff and the public.

Interconnectedness between terrestrial and aquatic environments is among the most important
concepts for managing water courses, lakes, wetlands, estuaries and marine environments.
Physical, chemical, and biological changes in a watershed can lead to changes in nearby and
distant aquatic habitat, 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
pesticide use in residential landscaping to impervious surface management at large development
sites. For water resources, this means looking at our actions on land and understanding how those
actions affect ecological conditions in our water courses, lakes, wetlands, estuaries and Puget
Sound. Within Seattle, integrated watershed management is a delicate balance between desired
and necessary human land uses and equally desired and necessary ecological health.

In addition to documenting Seattle’s current, or baseline, ecological conditions, this report serves
as an important foundation for other City efforts and activities that will affect the health of Seattle
water bodies in the future. For example, DPD will use this report as a basis for updating Seattle’s

SMP and its associated land use codes and to measure no net loss of ecological functions as the
new SMP regulations are implemented.
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1.2

The actions of the City of Seattle, citizens, and businesses, individually and collectively, have a
significant influence on the ecological health and well-being of Seattle’s water bodies upon which so
much depends. It is intended that this report and Volumes | and Il of the State of the Waters report
(Seattle 2007a and 2007b) will enhance public awareness of the role we all play in protecting the
health of our water bodies, providing a foundation for determining effective and efficient aquatic
protection and restoration investments and for integrated management of Seattle’s urban watersheds.

Overview of Seattle Area Water Bodies
Seattle contains four types of water bodies that differ in their physical characteristics, the habitat

they provide, and the species and human uses they support:
e Watercourses and streams
e Lakes
e Estuaries
e Marine waters

Conditions in Seattle’s streams and smaller lakes were summarized and evaluated in the State of
the Waters | and State of the Waters Il reports, for Seattle watercourses and Seattle small lakes,
respectively (Seattle 2007b and 2007c¢c). Therefore, this Shoreline Characterization effort and the
assessment described herein focuses on the large lakes, estuaries, and marine waters within the
city.

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 numerous 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.
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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.

The Duwamish River Estuary, which serves as the meeting point for Puget Sound and the Green/
Duwamish River system, lies within the city of Seattle. The city also contains the estuary of the
Lake Washington watershed at the Hiram M. Chittenden Locks (the Ballard Locks), which was
created by redirecting the lake outlet in the early 1900s. The Lake Washington Estuary, created by
manmade changes, provides limited estuarine habitat.

1.2.4 Marine Waters

Marine waters are areas of saline water, typically connected to or part of the ocean. Marine systems
are shaped by tides, currents, sea floor shape, and sunlight. Plants and animals that inhabit marine
environments are adapted to high-salinity conditions, and their use of habitats can vary across water
depths. Many species are adapted to periods of inundation and exposure with fluctuating tides.

Seattle sits along approximately 30 miles of Puget Sound marine shoreline. While Puget Sound is

a saltwater body, it is sometimes referred to as an estuary because of the numerous tributary rivers
that slightly dilute salinities in the sound to lower levels than typically found in the Pacific Ocean. This
report will refer to Puget Sound as a marine ecosystem, to distinguish it from the smaller freshwater/
saltwater interfaces present in Puget Sound, such as the Duwamish River Estuary and the Ballard
Locks. However, Puget Sound’s marine ecosystem differs from the outer marine coast of Washington
in that the sound is a long narrow inlet extending inland from the Pacific Ocean. Several differences
between the sound and an outer coastal environment are that the sound has much less wind and
wave exposure than the outer coast, has different water and sediment current patterns, and supports
species assemblages characteristic to a more protected shoreline.
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1.3 Seattle Shorelines Under Shoreline Management Act Jurisdiction
The jurisdictional boundaries of the Shoreline Management Act (SMA) are defined in Revised
Code of Washington (RCW) 90.58.030(2) the Shorelines of the State and Shorelines of Statewide
Significance. Shorelines of the State are defined as:

All marine waters
Streams with greater than 20 cubic feet per second (cfs) mean annual flow
Lakes 20 acres or larger
Upland areas called shorelands that extend 200 feet landward from the edge of
these waters
The following areas when they are associated with one of the above:
* Biological wetlands and river deltas
* Some or all of the 100-year floodplain including all wetlands within the 100-year floodplain

The SMA also states that “the interests of all the people shall be paramount in the management of
shorelines of statewide significance.” These shorelines are defined in the SMA as:

Pacific Coast, Hood Canal, and certain Puget Sound shorelines

All waters of Puget Sound and the Straight of Juan de Fuca

Lakes or reservoirs with a surface acreage of 1,000 acres or more

Larger rivers (1,000 cfs or greater for rivers in Western Washington, 200 cfs and greater
east of the Cascade crest)

Wetlands associated with all the above

Through these regulations, the Seattle shorelines under SMA jurisdiction are (Map A, Map Folio):

Seattle shoreline portion of Lake Washington

Lake Union and the Ship Canal/Ballard Locks

Green Lake

Seattle shoreline portion of Puget Sound, including Shilshole Bay and Elliott Bay

Duwamish River Estuary

Associated wetlands at Magnuson Park on Lake Washington and in the Union Bay portion of
Lake Washington
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“Watershed” is the term used to describe the geographic area of land that drains water to a shared
destination. It includes the land, vegetation, waterbodies and biological resources within the geographic
area. The drainage pattern in the City of Seattle includes streams, creeks and wetlands that drain into
lakes, pipes, groundwater and Puget Sound. The drainage system (and the watershed) also includes the
geographic area surrounding the stream system that captures precipitation, filters and stores water, and
determines water release into stream systems. The stream system is the visible, above ground portion of a
larger drainage system. A watershed, therefore, is an area of land that drains water, sediment, and dissolved
materials to a common outlet.

Any activity that changes soil permeability, vegetation type or cover, water quality, quantity, or rate of flow at a
location can change the characteristics of a watershed. Land use practices such as clearing land for timber
or agriculture, developing and maintaining roads, housing developments, and water diversions may have
environmental consequences that greatly affect stream conditions even when the land use is not directly
associated with a stream. Proper planning and adequate care in implementing projects can help ensure that
one activity within a watershed does not detrimentally impact the downstream environment. Within each
watershed, there are a number of dynamic physical and chemical interactions that take place to form and
maintain the landscape. These processes include, for example, the movement of water, sediment, nutrients,
pathogens, toxins, and wood as they enter into, pass through, and eventually leave the watershed. Biological
processes also occur within the watershed. These include food webs, or the complex of animals and plants
that serve as prey for one another.

Scientific studies have shown that watershed processes interact with landscape features, climate, and each
other to produce the structure and functions of aquatic ecosystems that society is interested in protecting.
Ecosystems are defined as systems formed by the interaction of a community of organisms with their physical
environment. The City of Seattle’s shorelines contain three major aquatic ecosystems: lake, estuarine and
marine. This chapter begins with an overview of the processes that operate in watersheds and the stressors
that can impact them. Then, each aquatic ecosystem (lake, marine/estuarine) is described in terms of its
processes and functions, how those functions can be impaired by our activities, and some of the key plants,
animals, and habitats present in the system.

2.1 Shoreline and Watershed Processes
The type and functional quality of aquatic habitats result from the interaction of physical, chemical,
and biological processes that occur in both the aquatic system and adjacent watershed (Naiman
et al. 1995). In the Washington State Department of Ecology’s (Ecology’s) Guide to Watershed
Planners to Understand Watershed Processes (Stanley et al. 2005), the authors use the term
watershed processes to refer to “the dynamic physical and chemical interactions that form and
maintain the landscape at the geographic scales of watersheds to basins (hundreds to thousands
of square miles).” These processes and their natural controls and human-caused (anthropogenic)
stressors combine to create, maintain, or destroy habitat. The resulting changes in habitat
attributes also impact the functions that the habitat supports for organisms. Therefore, the
distribution and behavior of plants and animals are a response to the watershed processes that
occur and the structure of habitat that is created. This is illustrated in a simple conceptual model
as shown in Figure 2-1.
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Shoreline/ Anthropogenic Stressors Habitat Attributes Habitat Functions
Watershed

Processes
¢ Water ¢ Fill/Dredging e Shoreline Morphology ¢ Food
¢ Sediment * Boat Use e Substrate * Refuge
e LWD — ¢ Vegetation Removal — e Riparian Condition — e Migration |
¢ Phosphorus e |nwater Structures * Habitat Connectivity * Reproduction
¢ Nitrogen ¢ Overwater Structures e Habitat Complexity
e Toxins * Bank Armoring *  Water/Sediment Quality
¢ Pathogens e Stream Mouth Modification
e Light energy * Upland Modification
* Wave energy ¢ Point Source Pollution

¢ Tidal influences

Figure 2-1: Conceptual Model of Watershed Processes, Stressors, and Habitat
Source: Seattle Shoreline Master Program Technical Review Committee Meeting, May 17, 2007

There are numerous human-caused stressors that impact these watershed processes. These can
range from stressors with a site-specific effect, such as overwater structures, to those that cover
a large area, such as irrigation water withdrawals. In addition, the impacts of various stressors
depend on which stressor it is; for example, overwater structures have impacts to water and
sediment quality as well as sediment delivery and wave energy. Table 2-1 provides an overview
of human-caused stressors that may occur in lake, marine, and estuarine watersheds, and
summarizes (by watershed process) the mechanisms by which stressors act on processes.

Table 2-1: Overview of Human-caused Stressors on Lake, Marine, and Estuarine Watershed
Processes

Process
Stressor Mechanism for Stressor Impacts to Process

Water cycle, including tidal regime

Climate change Affects water amount delivered; sea level

Removal of forest vegeta- Changes water delivery timing and amount
tion in the upper water-

shed

Armoring? Increases wave energy for water at the shoreline
Blocks subsurface flow and converts to surface flow; alters outlet loca-
tion for groundwater into receiving water body

Fill and dikes Alters tidal prism and inundation patterns

Reduces water storage
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Process
Stressor Mechanism for Stressor Impacts to Process

Upland modifications, such | Changes ability of soil to infiltrate runoff

as removal of forest/native | Reduces evapotranspiration

vegetative cover and con- Re-routing or removal of water from streams flowing into lake, estuarine,
comitant changes in land and marine systems

cover (Often accompanies
increases in impervious
surface area)

Water withdrawals or im- Restricts water movement within the water body

poundments

Filling or altering depres- Reduces infiltration ability of landscape

sional wetlands Alters location and connection of water to receiving water body
Groundwater pumping Alters groundwater flow pattern near the water body

Removes water from the subsurface water supplies flowing into lake,
estuarine, and marine system

Roads Can alter surface water flow pattern nearby the water body
Stream diversions Removes water from streams flowing into lake, estuarine, and marine
systems

Water and sediment quality, including toxins, pathogens, and nutrients

Non-point source pollution | Adds nutrients and toxins to areas nearby
that may occur from mari-
nas, houseboats, ferries,
other boat use

Animal waste at public Can contribute pathogens to water body
beaches or parks

Native vegetation removal | Reduces biofiltration, increases toxin and nutrient loadings

Non-point source pollu- Delivers additional nutrients, toxins, and pathogens to the system
tion due to agriculture and
livestock (herbicides, pes-
ticides, fertilizers, manure
applications)

Point source pollution at Delivers additional nutrients, toxins, and pathogens to the system (typi-
failed septic systems cally only rural areas with septic systems)

Increases in impervious Delivers additional nutrients and toxins to the system

surface area

Point source pollution at Delivers additional nutrients, toxins, and pathogens to the system
outfalls

8 SHORELINE CHARACTERIZATION REPORT



Process
Stressor

Mechanism for Stressor Impacts to Process

Overwater structures?

Redirects/deflects water via wave energy with influence on sediment
and slopes

Draining and filling depres-
sional wetlands

Decreases temporary storage of water in streams draining to receiving
water bodies, leading to increased nutrient, toxin, or pathogen loading in
receiving water bodies

Fill and dikes

Reduces runoff biofiltration capacity by reducing and isolating wetland
areas, leading to increased nutrient, toxin, or pathogen loading in receiv-
ing water bodies

Stream channelization

Decreases temporary storage of nutrient-, toxin-, or pathogen-laden wa-
ter for streams draining to receiving water bodies

Sediment delivery, including wave energy

In-water structures such
as jetties, breakwaters,
groins, log booms, and
rafts

Alters depth and availability of substrates

Obstructs littoral drift and longshore sediment transport with resulting
bathymetry and beach formation changes

Intercepts littoral drift

Reduces sediment movement

Decreases wave energy and alters from natural wave conditions

Dredging, navigation chan-
nel straightening

Reduces sediment supply, changes sediment sizes and slope/depth
characteristics

Alters sediment movement along the shore

Removes sediment from shoreline transport processes and the local
system

Reduces sediments’ contribution to natural beach maintenance

Armoring

Restricts sediment recruitment, steepens beach profile, prevents back-
shore

Decreases sediment delivery rate

(Marine only) Interferes with seasonal storage of sediment in high inter-
tidal and supratidal areas

Fill and dikes

Decreases fine sediment delivery to estuarine habitats due to floodplain
disconnection

Native vegetation removal

Increases sediment loading if bank left unarmored
Increases delivery rate, especially if occurs on erodible soils or close to
the shoreline

Boat wakes and propeller
wash

Alters delivery and size composition of sediment to shoreline
Increases wave energy, causes focused scouring

Boat launches and rails

Increases wave energy at shoreline
Restricts sediment movement and recruitment along the shore

SHORELINE CHARACTERIZATION REPORT
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Process
Stressor

Mechanism for Stressor Impacts to Process

Draining and filling depres-
sional wetlands

Decreases temporary storage of sediment in stream systems draining to
receiving water bodies

LWD removal or loss

Decreases temporary storage of sediment in streams draining to receiv-
ing water bodies

Stream channelization

Decreases temporary storage of sediment in streams draining to receiv-
ing water bodies

Armoring

Restricts sediment movement along the shore

Results in presence of larger homogeneous substrate

Reflects wave energy back to nearby substrate, increasing turbulence
and scour in front of structure

Alters natural transfer of energy onto the shoreline

Transfers energy downstream or downcurrent from protected shore,
increasing bank erosion there

Bridges or culverts

Reduces wetland area, decreasing temporary storage of sediment

Overwater structures

Alter wave energy patterns and sediment pathways

LWD and other organic material

Native vegetation removal
(Often accompanies in-
creases in impervious
surface area)

Reduces wood recruitment

Armoring and stream
mouth modification/hard-
ening

Reduces accumulation of wood and detritus
Divides terrestrial and intertidal zones and disallows wood and organic
material exchange between these two zones.

Boat launches and rails

Reduces accumulation of wood and detritus
Inhibits LWD movement
Increases likelihood of LWD removal

Culverts

Impedes the flow of LWD to the shoreline

Overwater structures

Hinders LWD movement
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Process

Stressor Mechanism for Stressor Impacts to Process
Light regime
Overwater structures Decreases delivery of light to the substrate and water column

Interferes with plant production and aquatic animals’ behaviors

Artificial lighting Increases delivery and amount of light at unnatural times of day
Interferes with aquatic animals’ behaviors, migrations, and predator-
prey relationships

Shoreline vegetation re- Increases delivery of light, allowing for increased temperatures of water
moval or sediments

Table Notes:

1 Armoring may include structures such as bulkheads, revetments, and seawalls

2 Overwater structures may include docks, piers, buildings, houseboats, marinas, and ferries

LWD = large woody debris

2.2 Lake Ecosystems
Lake ecosystems contain various physical and biological zones and features unique to these
habitats. This section overviews lake systems and describes the physical and biological processes
at work there.

2.2.1 Lake Ecosystem Description

Aquatic scientists divide lake habitat into several zones, each with unique features: littoral, benthic,
and pelagic (also called limonitic) zones (Figure 2-2). Littoral zones are those within the shallow
area of the lake, adjacent to and associated with the lake shoreline. The littoral zone extends out
from the shoreline and encompasses the shoreline region between the highest seasonal water
level and the lowest elevation of submerged rooted or attached aquatic plants (Wetzel 1983). The
lowest extent of growth by submerged aquatic plants typically occurs at a depth where light is low
enough to dramatically reduce photosynthesis (Wetzel 1983; Schindler and Schuerell 2002), but it
is important to note that the depth at which light penetrates water is variable depending on several
factors (e.g., turbidity and phytoplankton densities).
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Figure 2-2: Lake Structure Zones

12

The pelagic zone continues offshore from the outer reaches of the littoral zone. The pelagic zone
of a lake is open water, without contact with the lake bottom or shore (Horne and Goldman 1994).
The pelagic zone has within it the photic and aphotic zones. The photic zone extends as far down
as light can penetrate; the aphotic zone extends to the bottom of the lake where light levels are

too lo