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CHAPTER 1 INTRODUCTION

1.1 Background and Purpose

Pierce County is updating its shoreline master program (SMP). According to Substitute Senate
Bill (SSB) 6012, passed by the 2003 Washington State Legislature, cities and counties are
required to amend their local SMPs consistent with the Shoreline Management Act (SMA),
Revised Code of Washington (RCW) 90.58, and its implementing guidelines, Washington
Administrative Code (WAC) 173-26.

The County is conducting its comprehensive SMP update in two phases over the next few years.
The first phase is the development of an inventory and characterization of the Pierce County
shorelines. This report provides the inventory and characterization study. In the second phase,
the County will update its shoreline management policies and regulations.

This inventory and characterization documents current shoreline conditions and provides a basis
for updating the County’s SMP goals, policies, and regulations. This characterization will help
Pierce County identify existing conditions, evaluate existing functions and values of its shoreline
resources, and explore opportunities for conservation and restoration of ecological functions.

This study characterizes ecosystem-wide processes and how these processes relate to shoreline
functions. Processes and functions are evaluated at two different scales: (1) a watershed or
landscape scale, and (2) a shoreline reach scale. The purpose of the watershed or landscape scale
characterization is to identify ecosystem processes that shape shoreline conditions and to
determine which processes have been altered or impaired. The intent of the shoreline reach scale
inventory and characterization is to: (1) identify how existing conditions in or near the shoreline
have responded to process alterations; and (2) determine the effects of the alteration on shoreline
ecological functions. These findings will help provide a framework for future updates to the
County’s shoreline management policies and regulations.

Pierce County Planning and Land Services (PALS) is the lead on the County’s SMP update.
This study and analysis was prepared by ESA Adolfson in collaboration with PALS and with
technical assistance from Parametrix, Coastal Geologic Services and Shannon & Wilson.
Parametrix assisted with the biological characterization of the marine shorelines. Coastal
Geologic Services analyzed coastal processes, bluffs and restoration opportunities. Shannon &
Wilson provided information on landslide hazard, seismic, and geologic issues.

Pierce County and the cities within Pierce County are required to complete the SMP amendment
process by the end of 2011. Funding for the Pierce County SMP update has been provided by
the Washington State Department of Ecology (Ecology) through an SMA grant (Agreement No.
G0700001). The state funds are provided by Budget Bill ESSB 6090 to implement local
shoreline management and federal Coastal Zone Management funds. As per the requirements of
the grant, the Draft Pierce County SMP is scheduled to be completed by June 30, 2009.
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1.2 Report Organization

The information in this report is divided into nine (9) main sections. Chapter 1 — the
Introduction - discusses the purpose of this report and describes the regulatory context for
shoreline planning. Chapter 2 describes the methods, approach, and primary data sources used
for this inventory and characterization. Chapter 3 provides a profile of the ecosystems within the
County. This ecosystem profile discusses regional overview, process controls (e.g., climate,
geology), and key ecosystem-wide processes and landscape analysis.

Chapters 4 through 7 provide the shoreline inventory for the four Water Resource Inventory
Areas (WRIAs) within the County and the shoreline planning areas within each watershed.
These are WRIA 10 - the Puyallup-White Rivers, WRIA 11- the Nisqually River watershed,
WRIA 12 - the Chambers-Clover Creek watershed, and WRIA 15 - the Kitsap Peninsula.

WRIA 26 — Cowlitz River extends into the southeastern corner of the County; however, this
portion of the WRIA lies entirely s within Mount Rainier National Park and therefore is in
federal, not County, jurisdiction. The inventory provides information regarding land use patterns
and the physical and biological characterization of conditions in the vicinity of the shoreline
regulatory zone (referred to as the shoreline planning area). These chapters also provide an
assessment of shoreline functions, and identify potential opportunity areas for protection,
enhancement, and restoration. Identified data gaps are listed at the end of each WRIA discussion.

Chapter 8 discusses shoreline use conflicts and opportunities for the County. This chapter
analyzes shoreline uses, including public access, based upon future demand for water dependent
uses and public access. Chapter 9 provides a summary and conclusion for this inventory and
analysis. References are contained in the last section of the report.

Appendix A is a map folio that illustrates the County’s shoreline planning area and documents
various biological, land uses, and physical elements at the landscape analysis scale. Appendix B
identifies the GIS data sources used in development of the map folio. Appendix C includes the
reach-scale analysis matrices. Appendix D is the glossary of terms used in this report. Appendix
E includes the summarized shoreline functions by waterbody.

1.3 Requlatory Overview

1.3.1 Shoreline Management Act and Shoreline Guidelines

Washington’s Shoreline Management Act (SMA) was passed by the State Legislature in 1971
and adopted by the public in a referendum. The SMA was created in response to a growing
concern among residents of the state that serious and permanent damage was being done to
shorelines of the state by unplanned and uncoordinated development. The goal of the SMA was
“to prevent the inherent harm in an uncoordinated and piecemeal development of the state’s
shorelines.” While protecting shoreline resources by regulating development, the SMA is also
intended to provide for appropriate shoreline use. The SMA encourages public access and use of
the shoreline and provision of water-dependent uses, as well as land uses that enhance and
conserve shoreline functions and values.

The primary responsibility for administering the SMA is assigned to local governments through
the mechanism of local shoreline master programs, adopted under guidelines established by
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Ecology. The guidelines (WAC 173-26) establish goals and policies that provide a framework
for development standards and use regulations in the shoreline. The SMP is based on state
guidelines but tailored to the specific conditions and needs of individual communities. The SMP
is also meant to be a comprehensive vision of how the County’s shoreline area will be managed
over time.

1.3.2 Shoreline Jurisdiction

Under the SMA, the shoreline jurisdiction includes areas that are 200 feet landward of the
ordinary high water mark (OHWM) of waters that have been designated as “shorelines of
statewide significance” or “shorelines of the state.” These designations were established in 1972
and are described in WAC 173-18. Generally, “shorelines of statewide significance” include
portions of Puget Sound and other marine waterbodies, rivers west of the Cascade Range that
have a mean annual flow of 1,000 cubic feet per second (cfs) or greater, rivers east of the
Cascade Range that have a mean annual flow of 200 cfs or greater, and freshwater lakes with a
surface area of 1,000 acres or more (RCW 90.58.030). “Shorelines of the state” are generally
described as all marine shorelines and shorelines of all streams or rivers having a mean annual
flow of 20 cfs or greater and lakes with a surface area 20 acres or greater (RCW 90.58.030).

The shoreline area to be regulated under Pierce County’s SMP must include all shorelines of
statewide significance, shorelines of the state, and their adjacent shorelands, defined as the
upland area within 200 feet of the OHWM, as well as any “associated wetlands” (RCW
90.58.030). “Associated wetlands” means those wetlands that are in proximity to and either
influence or are influenced by tidal waters or a lake or stream subject to the SMA (WAC 173-22-
030 (1)). These are typically identified as wetlands that physically extend into the shoreline
jurisdiction, or wetlands that are functionally related to the shoreline jurisdiction through surface
water connection and/or other factors. The specific language from the RCW describes the limits
of shoreline jurisdiction as follows:

Those lands extending landward for two hundred feet in all directions as
measured on a horizontal plane from the ordinary high water mark; floodways
and contiguous floodplain areas landward two hundred feet from such floodways;
and all associated wetlands and river deltas (RCW 90.58.030(2)(¥)).

Local jurisdictions can choose to regulate development under their SMPs for all areas within the
100-year floodplain or a smaller area as defined above (RCW 90.58.030(2)(f)(i)).

Waterbodies in Pierce County regulated under the SMA and the County’s SMP include marine
shorelines of Puget Sound, rivers and streams, and numerous lakes. Shorelines of statewide
significance include marine waterbodies below the extreme low tidal mark; portions of the
Nisqually River, Puyallup River, and White River; and Alder Lake, American Lake, and Lake
Tapps (Map 1).

1.3.3 History of Shoreline Master Program in Pierce County

The original Pierce County SMP was adopted in two phases. Phase I, adopted by the Board of
Pierce County Commissioners on March 4, 1974, contains the goals and policies of the program,
describes the shorelines in County jurisdiction, describes the environment designations and
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summarizes the public involvement process used by the County. It includes shoreline
environment designation maps and several appendices with supporting information.

Phase Il includes the Shoreline Use Regulations for Pierce County, adopted by the Board of
Pierce County Commissioners on April 4, 1975. The Phase 1l document, which has undergone
several minor updates since initial adoption, is currently found in Title 20 of the Pierce County
Code. Title 20 establishes shoreline environment designations, use regulations, and permitting
procedures to govern development and other activities in the County’s shorelines. Title 20 was
last updated in 1992.

Local SMPs establish a system to classify shoreline areas into specific “environment
designations.” The purpose of shoreline environment designations is to provide a uniform basis
for applying policies and use regulations within distinctly different shoreline areas. Generally,
environment designations should be based on biological and physical capabilities and limitations
of the shoreline, existing and planned development patterns, and a community’s vision or
objectives for its future development. The County’s 1974 SMP establishes five environment
designations: Natural, Conservancy, Rural, Rural-Residential and Urban. These shoreline
environment designations were assigned to the County’s shorelines based upon the results of a
comprehensive inventory, which determined the quantity and quality of the County’s shoreline
resources at the time.

1.3.4 Recent Amendments

The County introduced amendments to the SMP in 2006 to address aquaculture activities and the
construction of new docks and piers. The amendments to regulations for aquaculture address
intertidal geoduck harvest on marine shorelines and include standards for rights to harvest,
access, hours of operation, visual impacts, impacts on public use of the shoreline, litter control,
and harvest methods. The amendments to the regulations for docks and piers address impacts to
navigation, limit visual impacts, define float lifts, prohibit the location of piers, docks and
floats/float lifts in marine Conservancy shoreline environments, and prohibit covered docks,
piers, and floats/float lifts in all shoreline environments.

The County Council adopted the amendments to the SMP for geoduck and aquaculture in
October 2007. Required review by the Department of Ecology is pending. The proposed
standards for piers and docks were tabled to be considered as part of the comprehensive SMP
update process.

1.3.5 Other Pierce County Plans and Policies

A variety of other regulatory programs, plans, and policies work in concert with the County’s
SMP to manage shoreline resources and regulate development near the shoreline. The County’s
development standards and use regulations for environmentally critical areas (Title 18.E,
Development Regulations — Critical Areas) are particularly relevant to the County’s SMP.
Designated environmentally critical areas are found throughout the County’s shoreline
jurisdiction, including streams, wetlands, fish and wildlife conservation areas, flood hazard areas,
and geologic hazard areas.

Page 1-4 June 2009



Pierce County Shoreline Inventory and Characterization Report

Pierce County is actively engaged in developing community plans for specific regions of the
County. These community plans are designed to express the interests of the local citizens in how
the goals and policies of the Comprehensive Plan are carried out in specific communities.
Community plans have been adopted for the following communities which contain shorelines in
Pierce County: Upper Nisqually Valley, Parkland-Spanaway-Midland, Gig Harbor Peninsula,
Frederickson, Mid-County, and Graham. Community plans are currently being developed for
the following communities containing shorelines of the state: Key Peninsula, Alderton-
McMillin, Browns Point — Dash Point, and Anderson & Ketron Islands.

1.3.6 Coordination with Local Jurisdictions

Other local cities within or adjacent to Pierce County are updating their shoreline master
programs and are also conducting shoreline inventories. This report has included information
from other shoreline inventories and characterizations, where appropriate, or provided citations
to these other reports. Jurisdictions with shoreline inventory information used in Pierce County’s
inventory and analysis include: Cities of Tacoma, Puyallup, Sumner, Auburn, and Federal Way.
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CHAPTER 2 METHODS

2.1 Data Sources

The Department of Ecology 2003 shoreline master program guidelines state that shoreline
inventory and characterizations to support local SMP amendments should be based on scientific
and technical information. Inventories should use existing sources of information that are both
relevant and reasonably available (WAC 173-26-201(3)(c)). Aside from reconnaissance-level
field visits, no new field-based data collection efforts were performed to develop the summaries
and characterization included in this document.

This report incorporates and builds on past work the County has undertaken relevant to its SMP.
Most notably, the County completed a marine shoreline inventory in 2003 (Pentec
Environmental, 2003). Other key sources of information include County planning documents
and technical studies (including comprehensive plans and basin plans), and watershed planning
documents for Water Resource Inventory Areas (WRIAS) 10 (Puyallup), 12 (Chambers-Clover),
and 15 (Kitsap Peninsula). Mapping information and other studies from state agencies
(including Washington Department of Fish and Wildlife, Department of Ecology, and
Department of Natural Resources) and the Puyallup Tribe were also used. To analyze spatial
patterns and visually display data, numerous cartographic resources were consulted and used in
ArcGIS (ArcView 9.2).

A complete list of technical and scientific references is included in the last chapter (Chapter 10)
of this report. The GIS map folio prepared for this SMP update is provided in Appendix A. In
addition, a complete list of GIS/mapping data sources is included in Appendix B.

2.2 Establishing a Planning Area Boundary

This characterization is focused on those shorelines of the state in unincorporated portions of
Pierce County, Washington. This includes approximately 180 miles of marine shoreline and 550
miles of freshwater shoreline (based on lake perimeter data and on centerline distance for rivers
and streams, not counting each river bank separately). Freshwater shorelines of the state include
88 rivers and streams, and 36 lakes. Except as it pertains to characterizing ecosystem-wide
processes, this inventory and characterization does not directly address designated shorelines of
the state located in incorporated cities, in Mount Rainier National Park, and in federal military
reservation lands (Fort Lewis and associated lands) (Maps 1 and 2). Further, lands within tribal
reservations are not specifically addressed (Map 3).

2.2.1 Potential Shorelines Not Desighated by WAC 173-18 or 173-20

Following the passage of the Act in the early 1970s, Ecology developed a list of all known
streams and lakes meeting the criteria for shorelines of the state’. The lists, which were codified
in WAC 173-18 and 173-20, had not been updated since their initial development. Recently,

! The original U.S. Geological Survey stream flow report used by Ecology in the 1970s did not include streams above the first
federal land boundary.
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Ecology revised the list of shoreline streams using data from several regional flow studies
conducted by the U.S. Geological Survey (Kresch 1998)2. The results of the USGS study showed
that numerous streams that are not currently designated as shorelines of the state may actually
meet the 20 cubic feet per second (cfs) mean annual flow criterion and should be regulated as
state shorelines. In other cases, the USGS study relocated the upstream boundary of the 20 cfs
point further upstream or downstream from its WAC-designated location. In many cases the new
stream flow data show the 20 cfs points in headwaters areas on federal lands, which may or may
not be subject to County SMP jurisdiction. The streams and rivers included in this inventory and
characterization include all those identified by the USGS study, downstream of Mount Rainier
National Park and outside of other federal lands (including the Fort Lewis Military Reservation
and the Nisqually National Wildlife Refuge).

Bahls et al. (2006) initiated a similar effort to assess potential errors in state shoreline
designation for lakes in Washington. The study attempted to estimate the error rate in current
lake designation and develop a reliable and cost-effective method for local governments to use in
identifying lakes that meet the 20-acre size threshold. The investigators used a three-phased
approach to identify lakes equal to or greater than 20 acres throughout the state. The first phase
involved GIS analysis, the second phase involved aerial photo interpretation, and the final phase
included field assessment of a small subset of the lakes analyzed. The study identified several
currently undesignated lakes in Pierce County that appear to meet the criteria for shorelines of
the state. Those lakes identified as potential shorelines have been included in this inventory and
characterization. However, not all lakes within the County were assessed by this study. The
authors recommend that more detailed mapping and field verification should be conducted to
verify the results.

2.2.2 Lineal Extent of Shoreline Jurisdiction

Once the County shorelines of the state were identified as described above, the linear extent of
each shoreline was measured and quantified for marine shorelines, rivers and streams, and
lakeshores. The miles of shoreline that are included in the Pierce County shoreline inventory
were calculated using the Pierce County hydro centerlines shapefile (hydro_centerlines.shp) or
lake perimeter data in the County GIS database. For rivers and streams, the centerline shapefile
is the base for calculating the linear length for each freshwater reach. This centerline file was
then overlaid with the shoreline planning areas (reaches) shapefile created by ESA Adolfson to
determine the length of a given river or stream shoreline reach.

For rivers or streams that flowed though an incorporated City jurisdiction, we tabulated the linear
length in a separate table (Table 2.1). This table shows the miles of shoreline rivers which lie
outside of Pierce County’s shoreline jurisdiction and are therefore not specifically included in
this inventory report.

% The revised list has not been codified, but Ecology is currently in the process of revising state jurisdiction regulations to allow
for incorporation of new data during the local SMP amendment process.
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Table 2-1. Shoreline Rivers within Incorporated City Limits in Pierce County, Washington

City Jurisdictions

(O]
2 . 2 @
kS = . ~ c
2 |S | | & c > |5 |8 ) g a Io
x > = = 2 2 S = o = ) 2 3
3) ) S S i = = > | c S Q ) =
@ |5 |8 |G s 12 |7 |7 |2 |3
Name a 3 = Total
=)
Carbon River 0.59 0.59
Clarks Creek 1.65 1.65
Fennel Creek 0.12 0.12
Hylebos Creek 0.38 [0.39 0.32 1.09
Lynch Creek 0.55 0.55
Mashel River 1.13 1.13
Ohop Creek 0.63 0.63
Puyallup River 2.82 1.24 |1.82 0.17 1|0.61 6.67
South Prairie Creek 0.77 0.77
White River 2.66 0.28 4.67 7.61
Wilkeson Creek 0.85 |0.85
Grand Total 2.66 [0.12 |2.31 |0.28 (3.20 |0.39 [1.84 (3.48 |0.77 [4.85 |0.93 |0.00 [0.85 |[21.66

For the lakes, the ordinary high water mark (OHWM) line based on the Pierce County hydro

surface boundaries shapefile (hydro_surface_boundaries.shp) was used as the base for
calculating the perimeter (in miles) for each waterbody feature. To determine shorelines within

the County’s jurisdiction, any shoreline outside of jurisdiction was then clipped from the line

file. This perimeter (OHWM) was overlaid with the shoreline planning areas (reaches) shapefile

created by ESA Adolfson to determine the shoreline length for a given lake or reservoir.

Rivermiles and lake perimeter miles are approximate as based upon the County GIS data.

2.2.3 Lateral Extent of Shoreline Jurisdiction / Planning Area

The approximate extent of shoreline jurisdiction within Pierce County is shown on Map 1, and
referred to throughout this report as the “shoreline planning area.” In general, it includes:

e The regulated waterbody;

e 200 feet of adjacent upland extending from the mapped edge of the approximate
OHWM;

e anarea having 1 percent chance of flooding in any given year (also referred to as the
100-year floodplain);
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e mapped channel migration floodways; and

« any bordering, neighboring, or contiguous mapped wetlands® (Figure 2-1).

Figure 2-1. Delineating the Shoreline Planning Area

This approximate extent of shoreline jurisdiction should be considered useful for planning
purposes only since its resolution is based on relatively coarse mapping. Site-specific
delineation of wetlands, floodplains and/or OHWM could result in modifications to the extent of
regulated shoreline areas. It is likely that wetlands are present in some portions of the shoreline
planning area but have not yet been mapped. As described in Chapter 1 (Section 1.3.2, Shoreline
Jurisdiction) local government can choose to regulate the entire floodplain under its SMP, or a

% As used in this report, “wetlands” does not include wetland buffers (i.e., adjacent upland areas) that may be required by local
critical areas ordinances.
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smaller area. For this study, the entire mapped floodplain was included as it represents the
maximum potential shoreline jurisdiction.

2.3 Approach to Characterizing Ecosystem-Wide Processes and Shoreline
Functions

For purposes of this report, ecosystem-wide processes (or landscape processes) are assessed at
the watershed scale according to Water Resource Inventory Area (WRIA) boundaries. In this
document, the term ecosystem-wide processes refers 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 include the movement of water,
sediment, nutrients, pathogens, toxins, and wood as they enter into, pass through, and eventually
leave the watershed. The assessment approach for nearshore and freshwater processes varies
slightly as outlined below.

2.3.1 Nearshore Marine

The marine nearshore is defined as the zone of interface between the subtidal marine habitats of
Puget Sound, the freshwater habitats of rivers and streams and the adjacent uplands along the
shore (Williams et al. 2001, Redman et al. 2005) (Map 4). The nearshore extends generally
from the lower limit of light penetration in offshore waters (i.e., the photic zone, about 65 to 100
feet below MLLW) to the MHHW line along the shoreline and/or the upper limit of tidal
influence in rivers and streams. Nearshore habitats also include upland and backshore areas that
directly influence the adjacent aquatic habitats (e.g., marine riparian vegetation and bluffs).
Nearshore habitats and the species that occupy and depend on them (including juvenile salmonid
species and many species of commercially/recreationally harvestable shellfish) require that these
landscape processes function properly across various spatial scales (Williams and Thom 2001;
Ruckleshaus and McClure, 2007).

Several investigators have shown that the health and sustainability of nearshore environments are
linked to physical processes at the watershed scale (Williams et al. 2004, Difenderfer et al.,
2006). Physical processes create habitat structure, which affects habitat-related processes, which
in turn influence ecological functions. Chemical and biological processes also influence
nearshore environments. As an example, decomposition of beach wrack is important for food
chain support functions.

This characterization examines physical, chemical, and biological factors influencing marine
environments at the landscape scale including local/regional geology, fluvial systems, waves,
wind and energy/exposure, and land use/human development. These factors operate via different
mechanisms and exert varying degrees of influence depending upon landscape position. In
general, external factors (e.g., geology, bathymetry, tides, etc.) are considered part of the Process
Controls discussed in Section 3.2.

To discuss nearshore ecosystem-wide processes that result from the Process Controls identified
above, three overall process groups were identified: 1) physical processes, 2) water quality
processes, and 3) habitat processes. There is considerable interdependency between these
processes. The distribution of nearshore habitats is often a function of physical processes that
result in landforms with varying surface sediment sizes, land slopes, and at different water
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depths. The resulting habitats are key components of the marine nearshore, and are discussed
separately. Significant alterations are discussed to generally assess the scale of alteration to
nearshore ecosystem functioning.

2.3.2 Freshwater Shorelines

Freshwater shorelines include freshwater rivers, streams and lakes meeting the definition of a
shoreline of the state (see Map 5). The ecosystem characterization approach used for non-marine
(freshwater) shorelines is based in part on the approach reported in Protecting Aquatic
Ecosystems: A Guide for Puget Sound Planners to Understand Watershed Processes (Stanley et
al., 2005). This approach examines specific watershed processes, including the movement of
water, sediment, nutrients, pathogens, toxicants, organic matter, and energy or heat, that form
and maintain aquatic resources, including shorelines, over a large geographic scale. These
processes interact with landscape features to create the structure and function of aquatic
resources.

The analysis uses a coarse approach for integrating watershed processes into shoreline
management, restoration planning, and related land use planning efforts. Results of the
characterization will help to identify areas that are important for maintaining watershed
processes and whether or how much these “process-intensive” areas have been altered. This
approach considers the relative degree of importance and extent of alteration so that priorities for
protection and restoration can be identified. A central assumption of this approach is that the
health of aquatic resources is dependent upon intact upgradient watershed processes.

While the target is to discuss and assess ecosystem-wide processes, most spatial analyses were
performed at the subbasin scale (e.g., one step more refined than the WRIA scale). Several of
the WRIAs within Pierce County are so large that results at the WRIA scale are too general to be
useful. Using the subbasin scale allows for more even spatial analyses, and also provides an
opportunity to identify broad trends within the County.

The purposes of the freshwater watershed-scale analysis are to highlight the relationship between
key processes and aquatic resource functions, and to describe the effects of land use on those key
processes. This approach is not intended to quantify landscape processes and functions. Rather,
the goals are to: identify and map areas on the landscape important to processes that sustain
shoreline resources; and determine their degree of alteration.

The approach to characterizing watershed-scale processes acting on freshwater systems consisted
of several steps, which are described below (see also Stanley et al., 2005 for a complete
description of the background and methods for this approach).

2.3.2.1 Step 1 - Ildentify Aquatic Resources and their Contributing Areas

Project analysts identified and mapped aquatic resources including rivers, lakes, and wetlands
using available GIS hydrography data from various sources. Mapped areas include aquatic
resources that are subject to shoreline jurisdiction (e.g., large rivers and lakes) and resources
outside of shoreline jurisdiction (e.g., small streams, depressional wetlands outside floodplains,
etc.). Contributing areas are defined as the surface water drainage boundaries in each WRIA.
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Each WRIA is also divided into smaller units or basins that are referenced when discussing
conditions at a more refined scale.

2.3.2.2 Step 2 - ldentify Key Processes

Processes occurring at the watershed scale maintain aquatic resources to varying degrees. This
analysis focuses on key processes that are fundamental to the integrity of the ecosystem and can
be managed within the context of the available land use plans and regulations. In accordance
with Stanley et al. (2005), analysts identified the following key processes as critical to sustaining
the aquatic resources and likely to be altered by human activity:

« Hydrology

« Sediment

« Water Quality
« Organic Inputs

2.3.2.3 Step 3 — Ildentify and Map Important Areas

For this step, analysts used available GIS data to identify and map areas within the County that
support ecosystem processes (Table 2-2). These so-called “important areas” are those areas
which, when maintained in an unaltered condition, have the greatest relative influence on the
dynamics of a specific process and consequently on aquatic resources®. In some cases, the
important areas are areas where inputs to the processes occur (e.g., the feeder bluffs that generate
sediment supply as a result of erosion). For other processes, inputs occur so broadly across the
landscape that specific important input areas are difficult to identify. In those cases, the process-
intensive areas are areas that facilitate movement or storage of materials such as water, sediment,
or pathogens. Identifying an area such as a feeder bluff as an “important” area is not meant to
suggest that the associated transport zones or depositional areas are not important; it simply
focuses this coarse-scale analysis on the main trigger or generator of the net shore-drift processes
(i.e., without the feeder bluff generating the sediment there is no sediment transport or
deposition).

Commonly, multiple processes are present in a single area, and there are feedback loops between
many of the processes. Storage areas such as depressional wetlands are a good example because
they store surface water, which traps sediment and facilitates phosphorus removal and
contaminant adsorption, uptake and storage. Mapping of these areas allows us to identify where
each process occurs as well as areas that support multiple processes and therefore may provide
valuable protection and/or restoration opportunities.

* The use of the term “process-intensive areas” is used as a means of distinguishing, on a relative scale, areas that play a key role
in how ecosystem processes operate within a watershed. This does not imply that other areas are not important for ecological
functioning, land use management or other purposes.
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2.3.2.4 Step 4 — Ildentify and Map Process Alterations

This step determines where land uses and/or actions associated with land use have altered
naturally occurring processes. Knowing where and how processes have been altered provides
information necessary to develop appropriate environment designations and standards for the
type and intensity of development that shoreline segments can support while accommodating
appropriate uses and achieving no net loss of shoreline functions and values. Altered areas may
provide opportunities for restoration, while unaltered areas may have potential for conservation
or similar protection.

Table 2-2. Examples of Process-intensive Areas, Mechanisms by which they
Operate, and Alterations for Key Ecosystem Processes

Key Process

Mechanism

Process-intensive
areas

Alterations

Hydrology Infiltration/recharge Permeable deposits, Impervious area, loss of forest
depressional wetlands, cover
Critical Aquifer Recharge
Areas
Surface water Depressional wetlands Lost wetlands, streams
storage Lakes disconnected from floodplains
Floodplains
Surface runoff and Rain-on-snow zones and Loss of hydrologically mature
peak flows snow-dominated zones forest cover, road density
Groundwater flow Surficial aquifers Ditched/drained areas with
(baseflow) Surface expression areas | shallow groundwater,
(lakes, wetlands, streams) | groundwater consumption
Sediment Surface erosion Erodible soils on steep Road crossings, road density,

slopes

agriculture, developing lands

Mass wasting

Landslide hazard areas

Roads in landslide hazard areas,
vegetation removal

Sediment storage

Depressional wetlands

Loss of wetlands, floodplain

Floodplains disconnection, stream
channelization
Water Quality | Contaminant storage | Wetlands that denitrify Onsite septic systems,
(including Nutrient storage/ groundwater agricultural and residential
heat/light denitrification Wetlands that filter surface | fertilizer, riparian disturbance,
inputs) water loss of wetlands, loss of

Riparian canopy
cover

Riparian/Hyporheic zones
particularly in headwater
streams

Low-order streams

vegetation, presence of 303(d)
Category 5 listed streams

Organic Inputs

Large woody debris
recruitment

Riparian zones

Historic channel migration
zones

Landslide hazard areas

Loss of mature forest, bank
armoring, stream channelization
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Once the spatial scale of the alteration is mapped, simple summary statistics are used to
determine relative degree of alterations within subbasins. Example summary statistics include
percent forest cover, percent impervious surface, and other land cover/use classifications thought
to be indicative of alteration. These analyses are highly dependent on the 2001 National Oceanic
and Atmospheric Administration (NOAA) Coastal Change Analysis Program (CCAP) analysis
that identified land cover classifications throughout much of the Puget Sound lowlands. These
data cover all of Pierce County and therefore provide a consistent data set for the analysis.

2.4 Approach to Inventory and Characterization of Reqgulated Shorelines

The inventory of shorelines of the state in Pierce County at the shoreline reach scale is intended
to characterize conditions in and adjacent to the regulated waterbody. The shoreline planning
area roughly approximates the regulatory limits of the County’s SMP as described above. GIS
data were used to inventory and characterize conditions at the reach scale. In addition, aerial
photography and review of existing reports were used to qualitatively describe conditions in the
shoreline planning area.

2.4.1 GIS Analysis and Mapping

In addition to ecosystem-wide process analysis and mapping described above, GIS analysis and
mapping were used to characterize conditions at the reach scale. An interactive web-based
mapping application was developed for use by the report authors, County staff, and the Technical
Advisory Group. Data were used to visually display over 80 mapping themes (e.g., piers and
docks, eelgrass distribution, flood hazards, fish distribution) related to individual shoreline
reaches. In addition, GIS overlay analysis was used to quantify certain conditions (e.g., spatial
extent of wetlands, land use designations) in the shoreline planning area.

Mapping the shoreline to visually discern the regulatory limits under the SMP (i.e., ~200 feet
from OHWM) is referred to as “reach-scale mapping.” Given the enormity and diversity of the
County’s several hundred miles of shorelines, and the many relevant mapping themes or layers,
reach-scale mapping is a significant effort. A hard copy map atlas to cover the County would
likely require several hundred 11x17 or 8.5x11 size map sheets. The County has determined that
reach scale maps in a traditional atlas format may not be the best option to display and convey
inventory mapping to the public and technical reviewers. Therefore the project team has
developed an interactive desktop mapping application that provides “reach-scale” mapping and
analysis tools. The mapping tool is available upon request in DVD format.

2.4.2 Determining Reach Breaks

For purposes of the inventory and characterization, shoreline planning areas were divided into
reaches based on shoreline type (i.e., marine, river, or lake). The overall goal of this approach is
to select reach breaks that capture both natural and political changes in the landscape that will
impact shoreline form and function. The reach breaks also form a basis for the scale of
inventory, and provide a mechanism for developing and applying environment designations in
later phases. Reach break locations were not determined on an arbitrary basis. However,
conscious effort was employed so that the scale and number of reach breaks were applied
consistently between freshwater and marine shorelines. As a result, the average length of
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shoreline per reach break is approximately 3 to 4 miles. The number of reaches by shoreline type
in Pierce County is summarized below in Table 2-3.

Table 2-3. Shoreline Summary by Type, Pierce County, Washington

Waterbody Type v\’/\laligqrggrd(i);s Néj;?ﬁre;)f Total Miles
Marine Shorelines 1 46 180
Rivers and Streams 70 137 375
Lakes 39 47 145
TOTAL 110 230 700

2.4.2.1 Marine Reach Breaks

For purposes of inventorying marine shorelines, the shoreline planning area was delineated for
unincorporated portions of Pierce County using GIS. The area included marine waters extending
1,000 feet offshore; 200 feet of adjacent upland; and any bordering, neighboring, or contiguous
mapped wetlands. The source data depicting the marine “shoreline” were developed by Pierce
County, based on LIDAR topographic mapping, and intended to represent the most detailed
depiction of the shoreline. It represents the 10-foot (south of Tacoma Narrows) and 12-foot
(north of Tacoma Narrows) topographic contours, which approximate the marine ordinary high
water mark.

Reach breaks along the marine shoreline were developed, considering changes in geomorphic
shoreform type (e.g., bluffs, bays, inlets, spits); changes in predominant drift direction; wave and
tidal current exposure; and changes in predominant upland or nearshore development patterns.

In addition, discussion of marine shorelines is organized around larger management units,
representing different areas of South Puget Sound. Most of the marine shorelines in Pierce
County are in WRIA 15 (Kitsap). The marine shorelines were organized into nine distinct
management units, each unit having between 1 and 13 individual reaches (Figure 2-2). For
example, the Carr Inlet management unit contains 13 individual reaches. There are 45 unique
marine reaches totaling approximately 180 miles of marine shoreline in Pierce County.
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Figure 2-2. Marine Reaches

2.4.22 Freshwater Reach Breaks

For purposes of inventorying freshwater shorelines, GIS was used to map the lateral extent of
potential shoreline jurisdiction according to the methods described above. Reach breaks for
rivers, streams, and lakes were determined based on the following criteria:

Breaks occur at the confluence of two jurisdictional shoreline channels. The
USGS/Ecology 20 cfs study was used as the basis for the upper extent of shoreline
jurisdiction;

o Breaks occur at city boundaries;

o Breaks occur at the Mount Rainier National Park boundary. Shoreline jurisdictional
streams that extend into the park are not included, but shorelines in the National

Forest are included (to accommodate potential in-holdings subject to County
regulations);

o Breaks occur at Fort Lewis. Shoreline jurisdictional streams that extend into federal
military reservation land are not included; and
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e Breaks occur at changes in Urban Growth Area (UGA) designations (e.g., from
urban to rural, where the main channel of the river and all of one bank or both banks
is within a distinct UGA designation).

This method resulted in a total of 183 unique freshwater reaches. This includes 46 lake reaches
(covering 39 lakes inventoried) and 137 river or stream reaches (covering 70 rivers and streams
inventoried). Figure 2-3 below illustrates an example near the confluence of South Prairie Creek
and the Carbon River. The results were qualitatively reviewed by comparing delineated reach
breaks to the working maps (e.g., geology, land use, etc.). In general, the reach breaks appear to
capture the significant landscape shifts within the basin:

e Mountainous/glaciated areas in the park;
« Forest management area in the foothills;
o The foothill to alluvial valley transition; and

e The alluvial valley.

Figure 2-3. Freshwater Reach Break Example
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Other considerations in the freshwater reach break results include:

o The confluence break method results in significantly more reach breaks in the upper
watershed where junctions of lower-order streams are more common.

e Most of the breaks in the lower portions of the watershed are based on city
boundaries or transitions from rural to urban growth management designations.

o The alluvial valley to foothill transition is not explicitly used as a reach break, but a
city typically exists at that location (e.g., Orting).

o If only a short section of tributary was under SMA jurisdiction (e.g., Huckleberry
Creek at the Park border), then it was lumped into the larger tributary.

o National Forest was not used as a break; most stream sections in the forest were short
compared to the downstream reach section.

e There were several longer reach sections in the lower foothills (e.g., Voight Creek,
South Puyallup, Carbon River above and below Carbonado).

2.4.3 Comparison to Other Methods

The method described above appears to achieve a middle ground between the very general
subbasins identified in the Upper and Lower Puyallup Watershed Action Plans (2002 and 1995,
respectively), and the very specific reaches identified and used for the Pierce County Watershed
Analysis (Mobrand Biometrics, 2001).

The Watershed Action Plans identify significant subbasins (e.g., Upper Carbon, Lower Carbon,
South Prairie Creek, Upper White, etc.) and provide some description of the variation within
those areas. These subbasins appear to be one level more detailed than a WRIA basin
designation.

The Watershed Analysis (2001) used the Ecosystem Diagnosis and Treatment (EDT) procedure
to provide a comparative analysis of ecosystem functioning throughout the watershed. Under
this method, reach breaks were based on, “...similarity of habitat features, drainage connectivity,
and land use patterns.” For Puyallup-White watershed, 261 reaches were identified, for
Chambers-Clover 31 reaches, and for Hylebos 25 reaches (Mobrand Biometrics, 2001).
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CHAPTER 3 ECOSYSTEM PROFILE
3.1 Introduction

This ecosystem profile has been prepared to provide a basis for understanding how the County’s
shorelines function within the context of their watersheds. This chapter provides an overview of
the watershed conditions across the landscape and describes how ecosystem-wide processes
affect the function of the County’s shorelines as required under shoreline guidelines outlined in
WAC 173-26-201. This watershed-scale overview is intended to provide context for the reach-
scale discussion provided in Chapters 4 through 7. For freshwater areas, the landscape analysis
approach to understanding and analyzing watershed processes developed by Stanley et al. (2005)
was used and adapted to complete this section of the report. Terms used in this section are
defined in the document entitled Protecting Aquatic Ecosystems: A Guide for Puget Sound
Planners to Understand Watershed Processes (Stanley et al., 2005). For marine nearshore
systems, the landscape analysis approach of Stanley et al. (2005) was adapted to marine
environments using conceptual models developed for the Puget Sound nearshore by Simenstad et
al. (2006), Ruckelshaus and McClure (2007), Williams et al. (2004), and Williams et al. (2001).

Maps referred to in Chapter 3 (Maps 4 to 17) are provided in Appendix A, the Map folio. In
addition, GIS base and data layers that support the following discussion are available from Pierce
County Planning and Land Services.

3.2 Overview

Pierce County is located generally in the southeastern corner of the Puget Sound Basin, in
Western Washington. The County is approximately 609 square miles, with elevations ranging
from 14,410 feet above mean sea level (MSL) at the top of Mount Rainier to sea level along the
coastline of Puget Sound. Most of the land in the County is below 2,500 feet MSL.

The County includes portions of five Water Resource Inventory Areas (WRIAS) - the
White/Puyallup, Chambers/Clover, Nisqually, Cowlitz, and Kitsap Peninsula. These WRIAs
encompass 30 sub-basins, as shown on Map 6.

3.2.1 WRIA 10 - Puyallup-White Rivers

WRIA 10 includes both the Puyallup River and its major tributary, the White River, which drain
into Commencement Bay within the City of Tacoma. WRIA 10 encompasses approximately
673,100 acres of area in both Pierce and King Counties, Washington (Department of Ecology,
2006). Approximately 87 percent of the WRIA 10 watershed lies within Pierce County. Major
population centers include the Cities of Tacoma, Sumner, Puyallup, and Orting. The eastern
portion of WRIA 10 is sparsely populated, with the exception of limited development along
Highway 410 around the town of Greenwater.

Surface water runoff from the western, northern, and northeastern slopes of Mount Rainier
shapes a number of significant sub-basins in the WRIA’s eastern reaches, including the Upper
Puyallup River, the Upper and Lower Carbon rivers, South Prairie Creek, and the Upper White
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River. Generally, these are medium gradient river systems in “U”-shaped, glacially carved
valleys. Lakes in this area include Kaposwin and Mud Mountain lakes.

Rivers and tributaries within the mountainous reaches of WRIA 10 drain primarily to the White,
Carbon, and Puyallup rivers. The Carbon and White rivers both drain into the Puyallup River —
northwest of Orting and at Sumner, respectively — and the Puyallup River flows into Puget
Sound at Commencement Bay. Sub-basins within the western (lowland) portion of WRIA 10
include Browns/Dash Point, Tacoma, Hylebos Creek, Clear/Clark’s Creek, Mid Puyallup River,
Mud Mountain, and Lower White River. Floodplains and terraces characterize much of this
area, with meandering rivers and oxbow scars. Lake Tapps is the only major lake within the
western reach of WRIA 10.

The WRIA 10 nearshore extends from Brown’s/Dash Point to the north, along Commencement
Bay, to near the Thea Foss waterway. Most of the WRIA 10 nearshore in Pierce County is
comprised of the greater Tacoma metropolitan area and has been highly altered by shoreline
development, urbanization, and filling of the Puyallup estuary and Commencement Bay. Some
areas with unarmored bluff shorelines and riparian vegetation occur along Dash Point and Point
Defiance, but otherwise the shoreline is highly altered by armoring, fill below mean higher high
water (MHHW), presence of contaminated sediments, impervious surfaces, and high rates of
stormwater runoff. Loss of estuarine wetlands within the Commencement Bay/Puyallup estuary
has been almost complete.

Despite the high level of alteration at the mouth of the Puyallup River, the nearshore waters still
provide habitat and biotic support. Juvenile salmonids move through and use areas of
Commencement Bay for physiological transition and feeding, and a variety of shellfish, marine
mammals and waterfowl are found in Commencement Bay (Simenstad 2003). Surf smelt
spawning occurs at a few locations along Dash Point. Pocket estuaries along the shoreline south
of Point Defiance provide feeding, physiological transition, migration, and predator refuges for
juvenile salmon (Redman et al. 2005).

3.2.2 WRIA 11 — Nisqually River

WRIA 11 encompasses approximately 491,300 acres within Pierce, Thurston and Lewis
Counties, Washington (Department of Ecology, 2006). Approximately 58 percent of the
watershed lies within Pierce County. The basin’s headwaters originate at Mt. Rainier’s
Nisqually Glacier, and eventually empty into Puget Sound at the Nisqually National Wildlife
Refuge. Medium gradient rivers in the upper watershed give way to very low-gradient systems
in the lowlands. Elevations range from over 14,000 feet above sea level at the summit of Mount
Rainier to sea level at the Nisqually River’s mouth. Population is relatively sparse in WRIA 11,
with the highest densities occurring around the Cities of Eatonville, and Roy. The predominant
land use within WRIA 11 — Nisqually River is forest resource and timber harvest.

The upper portion of WRIA 11 includes the Upper Nisqually River, Mashel River, and Ohop
Creek sub-basins. As in WRIA 10, these are medium gradient river systems in “U”-shaped,
glacier-carved valleys. Alder Lake is the only major lake within the upper watershed.
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Sub-basins within the lowland portion of WRIA 11 include the Mid and Lower Nisqually rivers
and Muck Creek. Major tributaries to the Nisqually River include: Muck Creek, Ohop Creek,
and Tanwax Creek. SMA-regulated lakes in WRIA 11 include: Harts, Tule, Kreger, Silver,
RapJohn, Ohop, Clear and Tanwax lakes.

Only a small portion of the WRIA 11 nearshore exists within Pierce County. This section is
located within the Nisqually Delta, and includes a portion of the Nisqually Wildlife Refuge.
Alterations to the nearshore include the presence of a rail line along the shore and partial
constrictions from roads, bridges, and fill in tidal wetlands (Redman et al. 2005).

3.2.3 WRIA 12 — Chambers-Clover Creek

WRIA 12 encompasses approximately 115,000 acres within the Puget Lowland ecoregion of
Pierce County, Washington (Ecology, 2006). Elevations throughout the basin are at or just above
sea level. Streams in WRIA 12 are low gradient, with underlying topography consisting of
rolling glacial outwash and till plains. Sub-basins within WRIA 12 include Clover
Creek/Steilacoom, American Lake, Chambers Bay, Tacoma West, and portions of Tacoma.
Spanaway and American Lakes are the major lakes within the basin.

The nearshore portion of WRIA 12 extends from approximately the Thea Foss waterway, around
Point Defiance, south to the edge of the Nisqually Delta. This region is characterized by high
energy currents through the relatively deep and narrow passes and is somewhat distinct from the
rest of the Pierce County nearshore as this area is part of the Central Puget Sound Basin.

Although the shoreline reach from the Nisqually Delta to Point Defiance is highly urbanized and
constrained by the presence of the rail line along the shore, this area does contain several small
pocket estuaries. These estuaries provide some juvenile salmonid support and water quality
functions. Partial constrictions from roads, bridges, and fill in tidal wetlands all affect these
pocket estuaries to some extent (Redman et al. 2005).

3.2.4 WRIA 15 — Kitsap Peninsula and Islands

WRIA 15 includes Key Peninsula, the southern tip of the Gig Harbor Peninsula, Fox Island,
McNeil Island, Anderson Island, Ketron and other smaller islands in the Pierce and Kitsap
County portions of southern Puget Sound. WRIA 15 encompasses approximately 631,100 acres,
although only 22 percent of the watershed lies within Pierce County (Ecology 2006). A large
majority of the watershed is located in Kitsap County, Washington. Elevations throughout the
basin are at or just above sea level.

The nearshore portion of WRIA 15 includes the eastern portion of Case Inlet, Carr Inlet, both
sides of the Key Peninsula, and Fox, McNeil and Anderson Islands. Although the degree of
shoreline development is high in some areas, the upland watersheds have relatively low
impervious surface areas, and predominantly forest or mixed forest/pasture land cover. This area
lacks the large urban/industrial developments that have altered the Puyallup estuary and
Commencement Bay.

Water quality impairments exist in Gig Harbor, Carr Inlet, Henderson Bay, Wollochet Bay, and
in the area between the Nisqually Delta and Anderson Island and in isolated spots off Anderson
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and McNeil Islands. Water quality impairments are associated with areas of greater impervious
surfaces, overwater structures, urban areas, agricultural land uses, wastewater treatment plants,
and lack of riparian vegetation. Several prohibited or restricted shellfish growing areas occur in
Wollochet Bay, Oro Bay, Burley Lagoon, and at scattered locations on the Key Peninsula (e.g.,
Filucy Bay). Sources of water quality impairments are exacerbated in this area by the long,
narrow and shallow inlets, the lack of flushing, and the long residence times (Albertson et al.
2002). All of these factors increase this area’s susceptibility to water quality impairments. Excess
inputs of nutrients, pathogens, or toxins in this region of Pierce County are more likely to result
in algal blooms and low dissolved oxygen (DO) levels, buildup of pathogens in the water,
sediments, and ultimately in shellfish, and accumulation of toxins in sediments.

Two open water disposal sites are located within Pierce County: one in Commencement Bay and
another between Anderson and Ketron Islands. Open water disposal of dredged material is
managed by the Puget Sound Dredge Disposal Program (PSDD), a multiagency program
including EPA, Ecology, WDNR, and the Corps. WDNR is responsible for the management and
monitoring of the Puget Sound in-water dredged materials disposal sites. Monitoring focuses on
determining whether materials are disposed of within the disposal site boundaries, sediment
sampling, chemical and biological testing from the dredged material, and effects on aquatic life
in the vicinity of the disposal sites.

Shoreline conditions in general are relatively unarmored for most of the area. However,
significant shoreline modification through armoring and overwater structures and lack of riparian
vegetation occurs locally in Hale Passage, Wollochet Bay, portions of Henderson Bay, and a
small area in Case Inlet around Vaughn Bay. Forage fish spawning, eelgrass, marine
invertebrates and shellfish beds are relatively abundant, especially around Wollochet Bay, and in
Carr Inlet/Henderson Bay and Case Inlets. Numerous marine mammal haulouts, primarily for
harbor seal, occur scattered around the islands. Waterfowl concentration areas are associated
with most small bays which contain mud or sand flats.

The large stretch of shoreline south of Gig Harbor along the Tacoma Narrows has relatively
intact riparian vegetation, provides a source of large woody debris (LWD), and contains
documented surf smelt and sand lance spawning, and potential forage fish habitat. This area also
has almost no shoreline armoring or overwater structures.

3.2.5 WRIA 26 — Cowlitz River

WRIA 26 encompasses approximately 1,594,790 acres, most of which are in adjacent Lewis and
Cowlitz counties (Ecology, 2006). Only a small area of the upper watershed of WRIA 26 lies
within Pierce County, to the southeast of Mount Rainier. This portion of the basin includes the
headwaters of the Cowlitz River and associated tributaries. In Pierce County, WRIA 26 is part
of the Cascade ecoregion and contains high to medium gradient streams in glacier-carved
valleys. Elevations are well above sea level and include the 14,000+ foot summit of Mount
Rainier. Population density is very light in Pierce County’s WRIA 26, with no major towns.
The portion of WRIA 26 in Pierce County lies entirely within Mount Rainier National Park.The
Cowlitz is the only sub-basin within WRIA 26 in Pierce County, and no major lakes are found in
this sub-basin. The Cowlitz and its basin within the County are entirely within National Park
lands.
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3.2.6 Climate, Geology and Landform
3.2.6.1 Climate

Pierce County’s climate is influenced by maritime patterns that define the overall climate of
Western Washington. In general, climate in Western Washington is characterized by mild, wet
fall to spring months, and cool dry summer months. Precipitation typically occurs as low-
intensity, long-duration storms. The County spans at least two of Washington’s climatic regions
identified by the National Climatic Data Center branch of NOAA, the Puget Sound Lowlands,
and the western Cascades.

Annual precipitation in the Puget Sound Lowlands typically ranges from 32 to 37 inches,
generally increasing with distance south. The vast majority of precipitation is distributed
between October and May. Rain and snowfall quantifies generally increase with distance south
of the Canadian border, and with distance away from marine waters. January temperatures
typically range from lows around 30° F to highs around 43° F. July temperatures typically range
from lows around 50° F to highs around 75° F (National Climatic Data Center Summary for
Washington State).

The transition between the Puget Sound Lowlands and the Western Cascades occurs around
1,000 feet in elevation. Precipitation levels are higher, and temperatures are lower in the
Western Cascades, as orographic lifting of marine off-shore currents occurs in the foothills and
mountains. Annual precipitation ranges from 60 to more than 100 inches, with maximum
precipitation exceeding 140 inches once in 10 years.

Snowfall depths also correspond to elevation in the Western Cascades. Lower elevations receive
50 to 75 inches a year on average, while elevations from 4,000 to 5,500 feet receive 400 to 600
inches on average. Snowcaps and glaciers exist on higher peaks, and snow levels typically are
around 1,500 to 2,000 feet during the winter. The snow pack above 5,000 feet typically persists
until July.

Hydrologic systems in the Pacific Northwest are especially sensitive to warm rain-on-snow
events, when significant volumes of surface water can be released into the system at one time.
The White, Carbon, Puyallup, Nisqually, and Cowlitz rivers are all snow-fed systems, and
respond to the late spring snowmelt period.

Climate Change

Fluctuations in climate occur at all temporal scales ranging from thousands of years (ice ages), to
decades (EI Nino), to diurnal. These fluctuations in climate have, in large part, shaped the
glacially and fluvially dominated landscape, especially in the low-lying portions of the County
below 2,500 feet.

The Intergovernmental Panel on Climate Change (IPCC) has published several reports that
indicate that there is an overall warming climate trend (for example, see IPCC, 2007). The exact
implications of this trend for specific regions, such as the Puget Sound, are unclear. The climate
impacts Group at the University of Washington (cses.washington.edu) has used climate models
to identify some possible climate impacts in the Puget Sound:
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o Continued warming on the order of 0.2 - 1.0°F through 2050. The rate of change after the
2050s depends increasingly on the choice of greenhouse gas emissions scenarios.

o Possible decrease in summer precipitation and increase in winter precipitation with little
change in the annual mean (Climate Impacts Group, 2008).

o Decrease in April 1 snowpack of 30 % by the 2020s to 65 % in the 2080s (Climate
Impacts Group, 2009).

Taken together, these factors have the potential to influence the functioning of Puget Sound
ecosystems. Warmer temperatures will influence the nature and geographic extent of the
snowpack that feeds the higher elevation streams. Warmer temperatures could also result in
higher summer water temperatures, having the potential to negatively impact several water
quality parameters. Additional precipitation, and a broadened rain-on-snow area, has the
potential to influence flow regimes.

One of the anticipated effects of climate change in the Pacific Northwest is sea-level rise. Sea-
level rise will likely change coastal processes and habitats, if water elevations increase as
predicted. A recent study has been published by the National Wildlife Federation (NWF) on sea-
level rise and coastal habitats in the Pacific Northwest (National Wildlife Federation, July 2007).
This study evaluated the Puget Sound, southwestern Washington, and northwestern Oregon
coasts specifically, and identified 11 different sites within the Puget Sound for sea-level
modeling. The model used a range of sea-level rise scenarios as predicted by the IPCC from
0.08 meter (3.0 inch) increase in global sea levels by 2025 to a 0.69 meter (27.3 inches) increase
to 2100. Sea-level rise within this range is anticipated to affect coastal habitats and fish and
wildlife dependent upon the coastal areas of the Puget Sound. Predicted habitat changes in the
Puget Sound, including coastal areas of Pierce County, are loss of estuarine beach and tidal flat
areas, reduction in tidal marshes, saltwater intrusion into freshwater wetlands and brackish
marshes, and increased shoreline erosion (NWF, 2007).

Mote et al. (2008) recently calculated sea-level rise projections specific to the Puget Sound
region. Three estimates were reported based on greenhouse gas emissions scenarios. These new
scenarios report rise in sea level ranging from 3 to 22 inches by 2050, and from 6 to 50 inches by
2100.

3.2.6.2 Geology

Geologic characteristics of Pierce County are shown on Map 7 (Geology) and Map 8 (Soils).
The geology of the eastern half of the County is dominantly underlain by volcanic rock with
some sedimentary rock and deposits of alpine glaciers in the lower elevation foothills. The
topography and near surface geology of the western half of the County is largely the product of
the last glaciation to occupy the Puget Lowland. The Vashon glaciation left a layer of till and
recessional sand and gravel deposits that mantle the upland plateaus. The surfaces of the drift
plains were shaped by moving ice, resulting in elongate, north- to northwest-trending hills, or
drumlins. These drumlins are underlain by till and are commonly partially buried by recessional
sand and gravel deposits. The till and recessional deposits overlie Vashon advance outwash sand
and gravel, and older glacial and nonglacial deposits.
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The Vashon and older deposits comprise several aquifers and aquitards within the subsurface,
which control subsurface water movement from the upland to the lowland as well as to the
locations of streams and creeks that occupy former glacial outwash channels (Jones et al. 1999).

Lodgment till from the VVashon glaciation mantles much of the upland area but is generally
absent from the steeper slopes at the edge of the upland and in the lowland. Lodgment till is an
unsorted mixture of sand, gravel, silt, and clay deposited at the base of a glacier and has been
compacted to a very dense state by the great weight of the overriding ice. This till has very low
permeability and typically acts as an aquitard, restricting the downward flow of groundwater and
reducing recharge of deeper aquifers. Till occurs at or very near the ground surface in the
western portion of the County where strong north-south ridges and swales left by the passage of
glacial ice cross the upland surface south of the Puyallup and White rivers. Surface runoff in the
till-capped upland is likely to be rapid with very little infiltration of precipitation.

The till is commonly covered by a relatively thin layer of sediments that were deposited during
retreat of the VVashon ice sheet. These recessional materials were deposited away from the ice by
meltwater streams that flowed from the retreating glacier or deposited in place as the stagnant ice
melted. These deposits allow infiltration and control subsurface flow and wetland formation by
localizing the ponding of water on the upland surface.

Ice contact deposits were deposited during stagnation and melting of the ice sheet. These consist
of variable deposits of sand and gravel and often contain lenses of very silty material, till, and
lacustrine silt and clay, which impede infiltration and groundwater flow. Such ground has an
irregular surface and may be marked by closed depressions. Water infiltration and subsurface
flow within these deposits are variable, and water is commonly ponded in closed depressions.

The Vashon ice sheet blocked drainage of rivers and streams from the Cascades, diverting water
along the ice front and forming large bodies of water between the glacier and the mountain front.
As the ice sheet retreated northward, these large lakes found spillway outlets resulting in
dramatic releases of large volumes of water, which eroded the uplands and deposited a layer of
openwork sand, gravel, and cobbles (Steilacoom gravel) across much of the upland. Till is only
present at the ground surface in these areas where localized topographic highs protrude above the
flood gravel deposit. Steilacoom gravel is commonly about 20 feet thick but locally much
thicker. These highly permeable deposits at or near the ground surface are significant recharge
areas and are highly susceptible to contamination.

The portion of the upland plateau covered by the recessional flood deposits exhibits numerous
south- and west-trending channels scoured by the meltwater streams. Present-day streams now
occupy these relict or former meltwater channels. Because till is commonly present at shallow
depths, groundwater is relatively shallow. These channels extend to depths that approach the
groundwater surface. Because of near-surface groundwater in these channels, wetlands are
commonly present along the channel bottoms and flooding may occur from a rise in groundwater
during periods of heavy precipitation.

Closed depressions in the ground surface created by remnant blocks of ice following retreat of
the Vashon glacier became lakes and ponds that slowly filled with fine-grained (silt and clay)
soil. Organic material and peat also accumulated as these lakes turned into bogs and marshes.
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These organic deposits are commonly associated with existing wetlands or a previous marsh
environment.

The Tacoma Narrows was similarly formed by the glacial processes that created the larger Puget
Sound fjord. Local topography and post-glacial faulting (e.g., along the Tacoma fault zone) have
resulted in the relatively shallow sill that occurs within the Narrows. This sill influences tide-
forced currents within the Sound, and forms the divide between the Main and Southern basins
(Ecology, 2002).

Following the retreat of the VVashon ice sheet, marine water inundated the mouths (troughs) of
the Nisqually, Puyallup, and Lower White river valleys to form arms of Puget Sound. A layer of
silt and clay tens of feet thick that accumulated in the estuaries now lies at depths of up to
approximately 180 feet below the ground surface (Luzier, 1969). Deltas consisting of sand and
gravel developed on top of these deposits at the upstream end of these embayments. Over time,
alluvial and deltaic sediment from the Nisqually, Puyallup, and White rivers gradually filled
these embayments, from upstream to downstream, to form deltas at their present locations.

Filling of the marine embayments of the Puyallup, White, and Nisqually rivers is largely
attributable to lahars from Mount Rainier and to fluvial deposition (Dragovich et al., 1994;
Zehfuss, 2005). About 5,600 years ago, the Osceola Mudflow from Mount Rainier flowed down
the White River, over a broad area of the upland plateau south of the Green River valley, and
into the Green/Puyallup River embayment near Sumner (Mullineaux, 1970; Dragovich et al.,
1994; Vallance and Scott, 1997). These deposits are generally poorly sorted and consist of
gravel, sand, silt and clay (Dragovich et al., 1994). Because of the relatively young age and
composition of lahar material, areas underlain by these deposits are relatively poorly drained.

In addition to lahar deposition, surface rupture associated with valley-parallel faulting may have
altered the Puyallup River channel. Recent geologic investigations suggest that the lower
Puyallup River valley may coincide with what has been called the Tacoma fault zone (Brocher et
al. 2004). Uplift and ground surface rupture of the valley floor may have caused sudden
avulsions (abrupt shifts in channel alignment) of the Puyallup River.

3.2.6.3 Topography

Elevations in Pierce County range from sea level along the Puget Sound coastline to the summit
of Mount Rainier at approximately 14,411 feet above sea level. The County encompasses all, or
part, of four major watersheds, the entire Puyallup River and Chambers/Clover Creek watersheds
and portions of the White and Nisqually River watersheds (Map 9). Three principal
physiographic provinces exist within the County: mountains and foothills along the eastern half
of the County, glacial upland plateaus dissected by major river valleys, and broad lowland
valleys of major rivers (Upper Puyallup Watershed Committee, 2002).

The upland plateau is a broad area with relatively low relief lying largely between elevations of
400 to 500 feet above sea level. The upland plateau is bounded by moderately steep to very
steep slopes that descend to the river floodplains and the marine shoreline below. The upland
surface comprises numerous north-trending ridges and swales, which in turn control orientations
of many of the upland stream channels. The upland surface also exhibits several large
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topographic channels and numerous closed depressions; some occupied by small lakes and
poorly drained areas.

3.2.7 Marine Shorelines and Oceanography

The marine shores of Pierce County encompass 179 linear miles, including the inner shores of
bays and marinas (DNR 2001a). They include a wide variety of shoreforms and habitat types,
including feeder bluffs, gravel/cobble beaches, sand and mud flats, large and small estuaries,
lagoons, and large and small bays. Marine shores encompass the shoreline between the northern
end of Case Inlet on the west, the Tacoma Narrows and Dalco and Colvos Passages to the east,
and the Nisqually Delta to the south. This marine landscape includes two large peninsulas (Key
and Gig Harbor) and three large islands including Fox, McNeil and Anderson Islands. Several
smaller islands include: Raft, Herron, Cutts, Eagle, Gertrude, Tanglewood and Ketron Islands.

Oceanographic processes within the tidal waters of Pierce County are characteristic of the
normal mean circulation pattern in a fjordal estuary, with seaward flow at the surface and
landward flow at depth. Freshwater from local rivers typically flows seaward at the surface, since
these water masses are of lower salinity and warmer than incoming ocean water. Colder, more
saline water originating from the Pacific Ocean flows landward along the bottom (Nightengale
2000). The combined forces of lunar influence, winds and bathymetry determine the extent to
which these layers are mixed. During neap tides (the moon is in the first and last quarters) when
the tidal range is least, seawater intrusions and the influx of saltier water to Puget Sound are
greatest. However during spring tides (that occur with the new and full moon), higher velocity
tidal currents result in increased mixing of fresh and salt water (Nightengale 2000). A
temperature, salinity and density difference between freshwater runoff and nutrient upwelling
from ocean water determines the extent of mixing. This is influenced strongly by the force
exerted on the water surface by wind (Nightengale 2000).

3.2.7.1 Bathymetry

Glaciers and subglacial melt water scoured a complex system of channels and troughs in the
marine waters offshore of Pierce County (Booth 1994). These interconnected, north-south
trending basins dominate much of the marine environment of Puget Sound today. There are four
major divisions in the Puget Sound between these interconnected channels, which are marked by
the presence of sills or submarine ridges that constrict water flow from one basin to the next.

The northern shores of Pierce County fall within the central Main Basin of Puget Sound. The
Main Basin originates at Admiralty Inlet and extends 46.6 miles, reaching its terminus at the
Tacoma Narrows. The Main Basin is the largest in the region and measures 747.5 km?. Over
535.3 km of shoreline make up the Central Basin, which has a mean depth of 98.5 meters. Some
of the deepest waters in the study area are found within the Main Basin, such as within Colvos
Pass, north of Gig Harbor. Deep water is also found just offshore of Dash Point, near the
northern entrance to Commencement Bay.

The majority of Pierce County shores are encompassed within the Southern Basin. A sill
measuring 45 meters separates Main and Southern Basins at the Tacoma Narrows (Cannon
1983). The Southern Basin encompasses 618.4 km? and 620 km of shoreline. It holds over 28
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km? of water, and has a mean depth of 45.1 meters. Shallower waters are typically found at the
heads of the many large embayments found within the County, while deeper waters are more
common from Carr Inlet to the east of McNeil and Anderson Islands.

3.2.7.2 Tides and Circulation

Pacific Ocean water enters Puget Sound through the Strait of Juan de Fuca then diverges north to
the Northwest Straits and south to the inland waters of central and southern Puget Sound. Tides
throughout the region are semi-diurnal, exhibiting two unequal high tides and two unequal low
tides per day. Mean tidal range in the Straits and Sound increases with increasing distance from
the Pacific Ocean. Pierce County has a tidal range of 7.9 to 10.5 feet and is classified within the
meso-tidal (two to four meters) range (DNR 2001).

The Puget Sound tidal range is a secondary factor for site-scale shoreline morphology. Rosen
(1977) demonstrated that the coastal erosion rate increases with decreasing tidal range. This is
due to the focusing of wave energy at a narrow vertical band with small tidal range in
comparison to the dissipation of wave energy over a large vertical band with a greater tidal
range. This means that erosion will be primarily focused within the 7.9 to 10.5 feet of the beach
profile exposed to tidal waters (excluding storm conditions). Therefore erosion along shores
with a smaller tidal range is focused on a narrower (vertical) band of the beach profile than those
with a greater tidal range.

The majority of coastal erosion in the region occurs when high wind events coincide with high
tides and act directly on the backshore and bluffs (Downing 1983). The majority of coastal
landsliding occurs during and following prolonged high precipitation periods in the winter
(Tubbs 1974, Gerstel et al. 1997, Shipman 2001).

Tidal currents are moderate throughout the larger straits (Carr, Case and Henderson Bay), but
become increasingly strong when water funnels through constrictions such as at Pitt Passage and
the Tacoma Narrows. The strongest tidal currents observed in the study area are found at the
Tacoma Narrows (up to 5.5 knots).

3.2.8 Fish and Wildlife Habitats

The physiographic regions in Pierce County provide many terrestrial and aquatic habitats. These
habitats occur in both the marine and freshwater portions of the County. This section describes
some of the key Pierce County habitats and the ecological functions they provide.

3281 Marine Beaches

Marine beaches are generally defined as areas with unconsolidated sediments that are moved,
sorted, and reworked by waves and currents. The beach area can extend landward into the zone
influenced by storm waves and generally includes the upper intertidal, beach face, low-tide
terraces, and offshore zone to the limit of wave action. Beaches are typically steeper than tidal
flats. Beaches occur throughout Pierce County marine shorelines, especially along Colvos
Passage and the Narrows, around Anderson Island, the southern portion of the Key Peninsula,
the northern portion of Case Inlet near Vaughn Bay, the northern portion of Henderson Bay,
Wollochet Bay, and the northern shores of Fox Island.
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Ecological functions of beaches include (Williams and Thom 2001; Williams et al. 2004,
WDFW 2004):

e Forage fish spawning substrate;

« Habitat and refuge for intertidal fish and wildlife,
« Habitat/substrate for intertidal vegetation;

e Nutrient cycling;

e Primary production; and

« Shellfish habitat.

3.2.82 Tidal Sand and Mud Flats/Subtidal Shoals

Tidal flats are gently sloping, intertidal or shallow subtidal areas with unconsolidated sandy or
muddy substrates. Mud flats are predominantly silts and clays and are high in organic content,
often experiencing anaerobic conditions below the surface (Simenstad et al. 1991). Sandflats are
comprised of larger particles ranging from fine sands to gravels. Sand and mud flats are not
necessarily featureless — they frequently contain a number of channels formed by hydrologic
processes that transport and distribute water, sediments and organic material, and provide some
refuge for fish and invertebrates, especially during low tides. Tidal flats occur waterward of
beaches. In these cases, the upper extent of the tidal profile may be composed of sand and
cobble, while the lower elevation portions of the beach profile, commonly referred to as the “low
tide terrace,” may be a tidal flat.

Sand and mud flats typically occur at mouths of rivers and streams where relatively large
supplies of sediment are deposited as currents slow, and in embayments and depositional areas
where wave and current energies are low. Because these are depositional areas where sediments
are retained or build up over time, toxins (e.g., heavy metals) and/or pathogens associated with
sediments also are retained and can build up over time.

The shallow flats and inlets of the Pierce County nearshore, especially in the South Sound sub-
basin, are highly productive habitats, supporting high primary productivity and a diverse
assemblage of benthic invertebrates and fish (SPSSRG 2004). Algal production on the surface of
tide flats is an important source of food for prey items of salmonids and other fish. Light levels
increase earlier in shallow tidal flats than in some deeper water habitats, such as eelgrass, and
algal production on tide flats is important in the production of prey items used by juvenile
salmon entering the nearshore in early spring (Redman et al. 2005). The shallow flats in the
Pierce County nearshore become productive earlier in the season than flats further north, due to
higher light levels and warmer temperatures.

Nutrient cycling on tidal flats and particularly the exchange of inorganic nutrients between
benthic sediments and benthic fauna can be an important source of nutrients for algal growth and
algal based food webs (Simenstad et al. 1991). Channels in tidal flats provide habitat and refuge
for fish and invertebrates, including chironomids, amphipods (both important prey for juvenile
salmon), polychaetes, clams, shorecrabs, tanaids, and mysids (Dethier 1990). Tidal flats also
provide habitat and foraging areas for a number of fish, including juvenile Chinook and chum
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salmon, as well as English sole, starry flounder, sand sole, speckled sanddab, and staghorn
sculpin (Simenstad et al. 1991).

In Pierce County, sand and mud flat habitats occur in lower energy environments at the head of
the major bays such as Case Inlet and Carr Inlet-Henderson Bay. Sand and mud flats also occur
in smaller bays and embayments scattered throughout Pierce County, including Rocky Bay,
Vaughn Bay, Horsehead Bay, Filucy Bay, Wollochet Bay, Gig Harbor, and the southeastern side
of Anderson Island.

3.2.8.3 Eelgrass and Kelp Beds

Eelgrass (Zostera marina) is a native marine seagrass that forms extensive meadows or beds on
gravel, fine sands or mud substrates in the lower intertidal and shallow subtidal zones of
protected or semi-protected shorelines (Bulthuis 1994; Thom et al. 1998). Typical locations for
eelgrass have medium to fine sands, adequate light, relatively high levels of organic matter and
nutrients (Simenstad 2000). Typical eelgrass locations are shallow tideflats, along channels in
tideflats or estuaries, and in the shallow subtidal fringe. The eelgrass zone in Puget Sound is
typically confined to areas between tidal elevations of +1 meter to -2 meters relative to mean
lower low water (MLLW) (Thom et al. 2001, Simenstad 2000).

In undisturbed areas with optimal conditions, eelgrass can grow to a height of 2 meters, forming
a tall, dense canopy. Eelgrass beds can be dense and continuous along a stretch of shoreline, or
occur in small, discontinuous patches. On the shallow flats typical of the southern Puget Sound,
eelgrass beds can form wide expanses. Eelgrass beds form narrow corridors along the shoreline
in areas with steeper beaches, or where light penetration is limited by turbidity (Simenstad 2000).

Eelgrass ecosystems are highly productive, providing a source of organic matter to intertidal and
shallow subtidal food webs. Eelgrass plants produce large amounts of organic carbon that is
consumed directly by grazers, as well as forming the basis for complex detrital food webs
(Williams and Thom 2001). Organic carbon produced by eelgrass is broken down by microbial
decomposition. Particulate organic matter is also processed and consumed by a number of
invertebrates, including harpaticoid copepods, gammarid amphipods and isopods, which in turn,
are important prey items for juvenile salmon and other fish (Simenstad et al. 1991). Juvenile
salmon, as well as a number of other animals, depend on eelgrass habitat structure for refuge
from predators. Eelgrass leaves provide physical attachment sites for epiphytic algae and other
organisms, and physical structure which absorbs and dampens the energy of waves and currents,
providing some buffering for adjacent habitats. Pacific herring use eelgrass for spawning
substrate and for protection while eggs and juveniles mature (Williams and Thom 2001).

Eelgrass occurs in several configurations in Puget Sound, defined by location and patch
characteristics. Larger, solid and continuous beds are most frequently found on extensive
tideflats and are sometimes referred to as “flats.” More fragmented and patchy beds are
frequently found on the edges of continuous beds or along more narrow intertidal areas. Patchy
eelgrass beds along shorelines with narrow intertidal areas are sometimes referred to as
“fringing” eelgrass beds, as they form narrow patches of eelgrass fringing the shoreline (Bell et
al. 2006; Berry et al. 2003; Dowty et al. 2005).
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In Pierce County, fringing eelgrass beds are found in numerous locations, with the most
extensive beds being found near the mouth of Wollochet Bay; around Horsehead Bay and Cutts
Island to Allen Point; along the western shore of Carr Inlet from the mouth of Burley Lagoon to
south of Glen Cove; and along the southwest shore of Fox Island. Additional eelgrass beds,
which tend to be more scattered and sparse, include the western shore of Colvos Passage,
particularly, north of Point Richmond; the north shore of Hale Passage; Henderson Bay and at
the mouth of Burley Lagoon; around Van Gledern and Mayo Coves, and south of South Head; at
the mouth of Vaughn Bay and at the mouth of Rocky Bay; the east shore of Anderson Island,
around Otso Point, and scattered near the mouth of Oro Bay and East Oro Bay; the western half
of McNeil Island along Pitt and Balch Passages; and adjacent to the Nisqually Delta.

Kelp and other macrophytic brown algae can form dense, highly productive undersea forests that
support many species of fish and marine mammals. Juvenile salmon and forage fish may
preferentially use kelp stands in nearshore habitats (Shaffer 2003). Dense kelp forests also
dissipate wave energy and provide sheltered habitat for resting/rafting seabirds and other animals
within the kelp forest or adjacent surface waters. Kelp forests are comprised primarily of bull
kelp (Nereocystis luetkeana) and other large brown algae, including the introduced Sargassum
(Sargassum muticum). These plants are attached to the marine bottom with holdfasts and require
rocky or coarse substrates. Distribution is limited to areas with appropriate substrates, light
penetration to the bottom and moderate wave/current energy.

In Pierce County kelp beds have a very limited distribution, due to the generally shallow, fine-
substrate habitats typical of the southern Puget Sound marine nearshore. Canopy forming kelp
(primarily bull kelp) occurs with a patchy distribution in the northern part of the Pierce County
marine nearshore in the Colvos Passage and Tacoma Narrows region. In the shallower inlets
further south, floating kelp is either very rare or not present, while understory kelp (primarily
Laminaria spp.) occurs sporadically (DNR, 2001).

3.2.8.4 Estuaries

Estuaries are embayments (bays) or semi-enclosed inland waters with freshwater inputs that
serve as transition zones between marine and freshwater environments. Estuaries include the
zone at the mouth of a river or stream dominated by the discharge of freshwater, and generally
extend from the head of tidal influence seaward to the point where fluvial influences no longer
dominate. Within the larger Puget Sound estuary, there are many river estuaries (e.g., Skagit,
Stillaguamish, Nisqually, Puyallup), numerous smaller estuaries associated with streams or bays
(e.g., Chambers Bay, Rocky Bay), and localized small embayments that sometimes have
freshwater discharge from either surface or groundwater sources (Beamer 2003). These smallest
estuaries are sometimes referred to as ‘pocket estuaries’. Pocket estuaries usually contain
emergent marsh, sand or mudflats, a channel structure, uplands and open water in close
proximity. They may or may not contain surface freshwater inputs.

Estuaries are characterized by a gradient of salinities in tidally influenced wetlands, ranging from
salt marshes at the marine edge to brackish wetlands where there is a greater freshwater
influence, to tidally influenced but entirely freshwater emergent, shrub, and/or forested wetlands.
Diking and draining of tidally influenced wetlands can result in the complete loss of brackish
wetlands. Restricting tidal exchange converts areas that experienced intermediate and fluctuating
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salinities into areas dominated by freshwater. The presence of brackish wetlands, with salinities
intermediate between freshwater and saltwater, and connected by channels to salt marshes and
the nearshore, is critical to providing areas for physiological adjustment for outmigrating
juvenile salmonids.

Estuarine areas, and tidal channels in estuaries, can be particularly important for physiological
adjustment for juvenile salmon transitioning from freshwater to saltwater (Pess et al. in
Montgomery et al. 2003). Estuaries and large areas of habitat open to tidal exchange contain a
wide variety of salinity levels and salinity gradients, which allow juvenile salmon to gradually
adjust to saltwater. Complex tidal channel networks also provide a range of depths and
velocities, which provide habitats suitable for a wide range of juvenile salmon sizes and life
history types (Redman et al. 2005). Small, shallower tidal channels provide habitat suitable for
fry which spend little time in freshwater and enter the estuary at small sizes, while deeper, larger
channels provide habitat suitable for larger juveniles entering the estuary after some time rearing
in freshwater or larger juveniles transitioning to pelagic habitats. Estuaries also provide large
amounts of organic matter to support macro-detritus based food webs, which are particularly
important for salmon prey items (Bottom et al. 1991). Estuaries in natal rivers, such as the
Nisqually and Puyallup, are critical habitats for juveniles originating in those rivers and can
support large numbers of juvenile salmon. However, small estuaries, or pocket estuaries, in
streams without salmon runs may also be critical to supporting juvenile salmon, especially when
pocket estuaries occur in close proximity to larger estuaries (Beamer et al. 2003).

The primary ecological functions and biological resources of estuarine shorelines include:

« Flood attenuation;

o Tidal exchange/organic matter exchange;

o Stream base-flow and groundwater support;

o Water quality improvement (nutrient retention, nutrient cycling);

« Erosion/shoreline protection;

e Food web support;

« Habitat structure;

o Habitat connectivity;

o Salinity gradients; and

o Refugia — from predators (i.e., turbid waters of tidal channels).
The Nisqually Delta is one of the few large river estuaries in Puget Sound that has not been
heavily urbanized or industrialized. Direct loss of estuarine habitat is much lower in the
Nisqually Delta than in other large river deltas in Puget Sound, where overall, about 70% of
estuarine and other tidal wetlands have been lost (Bortleson et al. 1980). Historical
reconstruction of the type and extent of estuarine wetland habitats in the Nisqually at the time of
European settlement indicates that about 26% of tidal wetlands have been lost (Bortleson et al.

1980, Collins and Sheikh 2005). However, processes such as tidal exchange, water and sediment
movement, LWD inputs, and connectivity have been significantly altered by land use changes.
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These process alterations have greatly simplified the natural tidal channel network, reduced
habitat diversity, and changed the natural communities that dominate the estuary. Major
alterations include large areas of fill associated with the construction of Interstate 5 (I-5),
extensive draining and diking of the estuary to permit agricultural uses, a lack of diverse native
vegetation types, and construction of a rail line along the shore from the eastern edge of the delta
north towards Tacoma.

The Nisqually River estuary is the natal estuary of the Nisqually independent Chinook
population, the largest independent population in the South Sound (Redman et al. 2005). Other
Puget Sound Chinook populations use the Nisqually estuary nearshore environments for feeding,
growth, refuge, physiological transition, and migration. In particular, populations from the
Central Sound (Puyallup, Green/Duwamish), where most estuarine functions have been lost, may
depend on the Nisqually estuary and nearby pocket estuaries for critical feeding and growth,
refuge, physiological transition, and migration functions (Redman et al. 2005).

In recent years, a number of restoration projects have removed dikes and restored significant
areas of estuarine habitat in the Nisqually. The ongoing and planned estuarine restoration
projects in the Nisqually Delta represent one of the few opportunities in Puget Sound to restore
natural processes to a large, functioning river estuary.

Historically, the Puyallup Delta was one of the largest estuaries in Puget Sound. The estuary
contained extensive freshwater and brackish tidal wetlands and off-channel sloughs along the
meandering channel of the Puyallup River, numerous distributary channels, a dendritic tidal
channel network supporting extensive salt marsh vegetation, and a broad expanse of intertidal
sand and mud flats (Bortleson et al. 1980, Collins in Montgomery et al. 2003, Simenstad 2003).
Land use changes in the Puyallup-White watershed (WRIA 10), as well as the development and
filling of Commencement Bay, have almost completely altered the hydrological regime,
sediment dynamics, nutrient/organic matter inputs, and biotic communities of the estuary
(Simenstad 2003, Redman et al. 2005). Development of Commencement Bay has resulted in an
estimated 98% loss of intertidal wetlands compared to historic conditions (Bortleson et al. 1980,
Collins and Sheikh 2005). Sediments in Commencement Bay are some of the most contaminated
in Puget Sound (PSWQAT 2002).

The Puyallup River estuary supports the White and Puyallup independent Chinook salmon
populations and is a core management area for Puget Sound bull trout (Redman et al. 2005).
Despite the extent of development and habitat alteration, Commencement Bay still contains
some small areas of freshwater and intertidal wetlands, and provides some habitat for juvenile
salmon for feeding, refuge, and migration (Simenstad 2003). Anadromous bull trout are thought
to use Commencement Bay and nearshore areas in Pierce County, and development in the
nearshore is likely impacting bull trout. However, use of nearshore habitats by bull trout is still
poorly understood (USFWS 2004).

Non-natal Estuaries and Pocket Estuaries

In addition to the natal estuaries described above, there are tidally influenced systems that are not
directly associated with larger rivers or Chinook salmon natal watersheds, but that also provide
support to juvenile salmonids (Beamer 2003, Redman et al. 2005). Numerous smaller estuaries
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and embayments (‘pocket estuaries’) occur within the Pierce County marine nearshore
environment. In these areas small streams or seeps provide the freshwater inputs. Linkages or
connectivity between natal estuaries, pocket estuaries, and other shallow/nearshore habitats are
critical for providing an array of suitable habitats easily accessible by migrating juvenile
salmonids (SPSSRG 2004).

Pocket estuaries associated with bays and smaller streams which occur in Case and Carr Inlets,
and in the reach from the Nisqually Delta to the Tacoma Narrows, provide critical habitat for
juvenile salmonids from the Nisqually River, as well as from other natal estuaries in the Central
and South Sound (Redman et al. 2005). Key bays with estuarine and other intertidal wetland
habitats include Gig Harbor, Chambers, Taylor, Oro, Amsterdam, Henderson Bay, Filucy,
Wollochet, Horse head Bay, Henderson Inlet, Rocky Bay, and Vaughn Bay. More than 50 pocket
estuaries have been identified in Pierce County portions of the Central, Carr-Nisqually, and
South Sound sub-basins (Redman et al. 2005). Smaller pocket estuaries are also concentrated
around Anderson, McNeil, and Fox Islands, the shorelines of Carr and Case Inlets, and the Gig
Harbor Peninsula, with few of these smaller pocket estuaries occurring between the Nisqually
Delta and Point Defiance (Redman et al. 2005).

3285 Salt Marshes

Salt marshes and brackish marshes are habitats that occur in areas with tidal inundation. Salt
marshes typically occur at elevations at and above MHHW in areas where sediment supply and
accumulation are relatively high. Therefore, salt marshes can occur in bays, along sand spits
sheltered from waves and currents and most commonly on river and stream deltas. Salt marsh
vegetation, especially the root mats and dense stems, trap and stabilize sediments. Marshes tend
to grow outwards over time as sediments entering the delta from rivers are captured and retained
by salt marsh vegetation. Marshes provide complex, branching networks of tidal channels where
juvenile salmonids feed and take refuge from predators, as well as providing habitat connections
to riverine and marine environments (Hood 2005).

Ecological processes that are important for creating and maintaining salt marsh habitat include
sediment transport and deposition and tidal exchange. Sediment transport and deposition forms
the coastal landforms subject to periodic tidal inundation and exposure, which support salt marsh
vegetation. Tidal exchange provides the sediment required for building marsh surfaces that are
substrate for saltmarsh vegetation, and in addition, provides twice daily flushing of organic
matter, nutrients, and pollutants. Organic matter from salt marsh vegetation supports macro-
detritus based food webs that provide food items for forage fish and salmonids in nearshore
habitats adjacent to salt marshes. Maintenance of salt marsh habitats depends in part on the
balance between marsh aggradation due to the buildup of organic matter and sediment trapped in
the marsh and sea level rise (Bottom et al. 2005).

The ecological functions and biological resources of salt marshes include:

o Detrital based food webs;

e In-situ production of invertebrate prey items of importance to nearshore fish and birds
(e.g., salmonid prey);
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« Tidal channels that provide refugia and foraging areas for fish and invertebrates; and
e Primary production— salt marshes are highly productive.

Salt marshes historically were extensive in both the Puyallup and Nisqually estuaries. Salt marsh
vegetation has virtually disappeared from Commencement Bay, being present only in small,
fragmented areas, such as the mouths of Puget and Hylebos Creeks and at some habitat
restoration sites. Diking and draining of the Nisqually Delta has also reduced native salt marsh
habitat.

In addition to major estuaries, salt marsh habitat in Pierce County is generally coincident with
the key bays and pocket estuaries. Linkages between the major estuarine deltas and other shallow
nearshore habitats such as pocket estuaries are critical for rearing and migrating juvenile
salmonids (SPSSRG 2004).

3.2.8.6 Marine Riparian Vegetation

Marine riparian zones occur at the interface between upland and marine aquatic systems
(Culverwell and Brennan 2003; Brennan and Culverwell 2004). Marine riparian zones occur
above the area subject to tidal inundation, but may be in the area influenced by salt spray or
storm waves. The type of marine riparian vegetation that occurs along the shoreline is influenced
by a number of factors. The underlying geology that influences the type of shoreform, whether
feeder bluff, rocky shore, or beach backshore, will influence the type of riparian vegetation
present. In addition to underlying shoreform, the types of soils, steepness and height of the
shoreline or bluff, annual precipitation, adjacent land uses, and surface and hillslope runoff
processes, can all affect what type of vegetation is present. For example, adjacent land uses may
result in presence of invasive species, or the replacement of forested riparian vegetation with
ornamental landscaping, lawns, or impervious surfaces. Shorelines comprised of very steep or
unstable slopes may not support vegetation except at the very top of the slope. In contrast, small
bluffs or shorelines may support dense riparian vegetation that overhangs into the upper beach
zone.

Healthy marine riparian areas provide a range of essential functions, including water quality
protection, sediment stabilization and control, wildlife habitat, nutrient retention, microclimate
regulation, insect food sources for juvenile fish, shade/cover, and woody debris to provide
complex habitat structure and stabilize beaches (Brennan and Culverwell 2004). Areas with
intact riparian vegetation can also help protect slopes and bluffs from erosion hazards, mitigate
storm damage, and stabilize slopes. Plant root masses provide stability by holding the soil in
place. In addition, evapotranspiration removes moisture from the soil and can prevent high soil
moisture or saturated soil conditions, which can lead to landslides or erosion hazards (Brennan
and Culverwell 2004). The extent to which riparian zones perform these functions is dependent
on vegetation composition, vegetation density, and the area continuously covered with
vegetation (e.g., width of buffer and length of shoreline with buffer) (Knutson and Naef 1997).
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Brennan and Culverwell (2004) note the following characteristics of healthy nearshore riparian
systems:

e Long linear shapes;
o High edge-to-area ratios;
e Microclimates distinct from those of adjacent uplands;

« Standing or flowing water present all or much of the year, or a capacity to convey or
retain water;

« Periodic flooding, which results in greater natural diversity;

o Composition of native vegetation differing from upland (inland) systems (e.g., different
species composition, abundance, diversity, and structure), and

e Support systems for terrestrial and aquatic biota.

Many areas of marine shoreline in Pierce County have relatively intact marine riparian
vegetation, with the potential to provide water quality, shoreline stabilization, and LWD
functions to the nearshore. Areas with riparian vegetation along most of the shoreline include the
western side of Colvos Passage (mostly south of Gig Harbor) and the Narrows, Wollochet Bay,
the south shore of Fox Island, McNeil and Anderson Islands, the southern portion of the Key
Peninsula, the eastern shore of Case Inlet south of Vaughn Bay, and the northwestern portion of
Henderson Bay. Areas with little or no riparian vegetation include the north shore of Vaughn
Bay, the north shore of Fox Island, most of the eastern shore of Henderson Bay and the northern
side of Hale Passage, and the Gig Harbor area.

3.2.8.7 Freshwater Wetlands

The state of Washington (WAC 173-22-030) defines wetlands as “those areas that are inundated
or saturated by surface or ground water at a frequency and duration sufficient to support, and that
under normal circumstances do support, a prevalence of vegetation typically adapted for life in
saturated soil conditions.” Wetlands generally include swamps, marshes, bogs, and similar
areas. Wetlands are known to play a vital role in the landscape by performing:

« Biogeochemical functions related to trapping and transforming chemicals and improving
water quality in the watershed;

e Hydrologic functions related to maintaining the water regime in a watershed and reducing
flooding; and

o Food web and habitat functions (Granger et al., 2005).
3.2.8.8 Freshwater Riparian Areas

Freshwater riparian areas function in many of the same ways as nearshore riparian areas.
Riparian zones contribute to healthy streams by dissipating energy and inhibiting sediment input,
suppressing the erosional processes that move sediment, and by mechanically filtering and/or
storing upland sediments before they can enter stream channels (Knutson and Naef, 1997).
Riparian areas also perform water quality functions related to pollutant removal. This occurs
primarily through denitrification and trapping/storing phosphates and heavy metals that are
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adsorbed to fine sediments. Riparian vegetation provides shading and nutrient input to adjacent
water bodies.

One of the most crucial roles that riparian areas play in the ecosystem is creating habitat.
Riparian zones are a major source of LWD input to streams. Approximately 70 % of the
structural complexity within streams is derived from root wads, trees, and limbs that fall into the
stream as a result of bank undercutting, mass slope movement, normal tree mortality, or
windthrow. LWD creates complex hydraulic patterns that allow pools and side channels to form.
It also creates waterfalls, enhances channel sinuosity, and instigates other physical and
biochemical channel changes. The in-channel structural diversity created by LWD is essential to
aquatic species in deep, low velocity areas for hiding, overwintering habitat, and juvenile
rearing, in all sizes of streams and rivers (Knutson and Naef, 1997).

3.2.8.9 Terrestrial Habitats

Other habitat resources within Pierce County include terrestrial forests (including old growth),
river-cut canyons, glacially eroded canyons, active glaciers, riparian areas, coastal dunes,
sphagnum bogs, and grasslands. A majority of the County falls within the Cascades ecoregion,
dominated by coniferous forests. Lowland forests are dominated by western hemlock, Douglas-
fir, and western redcedar. Forests in the mountains are dominated by Pacific silver fir, and
mountain or western hemlock. These habitats provide breeding, feeding, and migration areas for
vertebrate and invertebrate grazers and seed eaters, omnivores, carnivores, and scavengers
(Kruckeberg, 1991). Notable species include: black-tailed deer, elk, black bear, cougars,
beavers, raccoons, and many rodents. Many of these terrestrial species relay on shoreline
habitats (lakes, rivers and marine shores) for some of their life stage requirements.

3.2.9 Fish and Wildlife Species

The terrestrial and aquatic habitats in Pierce County support numerous fish and wildlife species,
included species listed as threatened or endangered under the state and/or federal Endangered
Species Act (Table 3-1).

3291 Marine Mammals

A number of marine mammals occur in the nearshore and marine waters of Pierce County,
including harbor seals (Phoca vitulina), California sea lions (Zalophus californianus), and
Southern Resident killer whales, or Orcas (Orcinus orca). Steller sea lions (Eumatopias jubatus)
may also occur occasionally in the South Sound. Orcas are not as common in the South Sound as
in the northern portions of Puget Sound, in part because they tend to occur in deeper marine
areas and much of the South Sound is comprised of nearshore habitats less than 20 feet deep.
Marine mammal haulouts have been mapped by the Washington Department of Fish and
Wildlife (WDFW) around the shores of McNeil Island and near Raft Island.
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Table 3-1. Federal and State Listed Species in Pierce County

Common name | Scientific name | Federal Status | State Status |Critical Habitat
Bald eagle Haliaeetus De-listed Threatened No
leucocephalus

Peregrine falcon  |Falco peregrinus |Species of State Sensitive No
Concern

Purple martin Dryocopus pileatus |None Candidate No

Puget Sound/ Oncorhynchus Species of None No

Strait of Georgia  |kisutch Concern

coho salmon

Puget Sound Oncorhynchus Threatened Candidate Yes

Chinook salmon  |tshawytscha

Puget Sound Oncorhynchus Threatened None No

steelhead mykiss

Coastal/Puget Salvelinus Threatened Candidate Yes

Sound bull trout confluentus

Coastal cutthroat |Oncorhynchus Species of None No

trout clarkii clarkia Concern

Westslope Oncorhynchus Species of None No

cutthroat trout clarki lewisi Concern

Southern Resident |Orcinus orca Endangered Endangered Proposed

Population killer

whale

Steller sea lion Eumotopias Threatened Threatened No

jubatus
Western pond Clemmys Species of Endangered No
turtle marmorata Concern

3.2.9.2 Seabirds and Waterfow/

Both resident and migratory seabirds and waterfowl are associated with Pierce County
shorelines. Commonly occurring seabirds or waterfowl include loons (Gavia spp.), cormorants
(Phalacrocorax spp.), mergansers (Mergus spp.), grebes (Aechmophorus spp.), herons and egrets
(Ardeidae), geese (Branta), brants (Branta bernicla), gulls (Larinae), sandpipers (Scolopacidae),
and ducks (dabbling and diving) (Buchanan 2006). In addition, a number of bird species
identified as state priority wildlife species are associated with and forage along shorelines of
Pierce County, including bald eagles (Haliaeetus leucocephalus), osprey (Pandion haliaetus),
and great blue heron (Ardea herodias) (WDFW 2007).

Waterfowl concentrations in Pierce County are associated with bays and estuarine areas. Major
areas include Commencement Bay, the Nisqually Delta area, protected coves around McNeil
Island, and VVaughn Bay, and small bays and inlets associated with Raft Island in Henderson Bay.
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3.2.9.3 Forage Fish

In Puget Sound, forage fish species constitute a significant part of the marine food web, being
particularly important as prey for fish species, including salmonids, and for marine mammals and
seabirds (Fresh et al. 1981; Pentilla 1995; Bargmann 1998). Three species comprise the main
forage fish species: surf smelt (Hypomesius pretiosus), Pacific herring (Clupea harengus
pallasi), and Pacific sand lance (Ammodytes hexapterus). Forage fish species use a range of
nearshore and estuarine habitats for feeding, rearing, and spawning.

Surf smelt and Pacific sand lance both spawn within a limited range of tidal elevations in the
upper intertidal zones of beaches, and have specific habitat requirements including substrate size
and type (Pentilla 1978, 1995). Surf smelt spawn on coarse sand or pea gravel; gravels ranging in
size from 1 to 7 millimeters. Surf smelt spawning occurs during high tides, most typically during
afternoons or early evening (WDFW 2004). Pacific sand lance spawn over a wider range of
substrate sizes than surf smelt, ranging from fine sand beaches to beaches with gravel up to 30
millimeters in size (Pentilla 1995; Lemberg et al. 1997). Pacific herring spawn in intertidal and
shallow subtidal areas, depositing eggs on marine vegetation at elevations between 0 and -10 feet
MLLW (WDFW 2000). Eelgrass beds are important spawning substrate for Pacific herring;
adhesive eggs are deposited on leaf blades of eelgrass and to a lesser extent on a variety of
marine algae (Lemberg et al. 1997; Pentilla 1995). Due to the spawning requirements of these
species, suitable spawning habitat for forage fish is limited, and these species are particularly
vulnerable to changes in beach morphology (relative depth, exposure), beach sediment
characteristics (substrate size - sediment sources, transport, or deposition), and nearshore riparian
vegetation cover (WDFW 2000, 2004).

Documented forage fish spawning beaches in general are not as common in the South Sound as
in more northern portions of Puget Sound, and spawning areas in the South Sound tend to be
smaller and more scattered than further north (WDFW 2000, 2004). However, potential forage
fish spawning habitat is quite widespread in marine nearshore areas of Pierce County. The
WDFW and Pentec/Pierce County have mapped and identified Pacific sand lance spawning
beaches along Point Defiance, the western shore of Colvos Passage, northern shore of Fox
Island, in Wollochet Bay, Horsehead Bay, scattered locations around the shores of Anderson and
McNeil Islands, on the western shore of Henderson Bay near Glen Cove, along Drayton Passage
and along the shore at Devil’s Head.

Surf smelt spawning areas have been identified along Colvos Passage north of Gig Harbor, in
Wollochet, Horsehead and Henderson Bays, along the west shore of Carr Inlet around Glen
Cove, McNeil Island/Pitt Island, at beaches along VVan Geldern and Mayo Coves, along Devil’s
Head, near Vaughn Bay and Rocky Bay in Case Inlet, and south of the Chambers Creek mouth
in the Nisqually Reach.

Pacific herring spawning areas are limited in Pierce County nearshore waters. The only
documented Pierce County occurrence is for the stock that spawns at Wollochet Bay (Stick
2005). Pre-spawn holding areas for the Wollochet Bay and the Squaxin Pass stocks occur in Hale
Passage, and west of Anderson Island, respectively (Stick 2005).
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3.2.94 Shellfish

Cobble to fine sand beaches and sand and mud flats are important habitat for many shellfish
species. Intertidal and subtidal areas that support the native Dungeness crab (Cancer magister)
occur more abundantly in the northern portions of Puget Sound, but also occur in the South
Sound, often associated with estuaries and eelgrass beds (Stevens and Armstrong 1984).
Geoducks (Panopea abrupta) occur offshore in fine substrates of mud or soft sand, and typically
burrow up to 2-3 feet deep into the substrate. A number of hardshell clams, including butter
clams (Saxidomus gigantean), native littleneck (Protothaca staminea), manila clams (Venerupis
philippinarum), and horse clams (Tresus capax and T. nutallii) also inhabit the intertidal
shorelines. Olympia oyster (Ostreola conchaphila) and non-native Pacific oysters (Crassostrea
gigas) are common in the South Sound. Other nearshore shellfish include a number of filter
feeders that remove plankton from the water column, such as cockles (Clinocardium nutallii) and
softshell clams (Mya arenaria). Some nearshore shellfish such as the macoma clams (Macoma
spp.) are detritivores that feed on organic detritus on the surface of sediments. Shellfish resources
in Pierce County are important as the basis for commercial, recreational, and tribal harvesting,
particularly for hardshell clams, oysters, and geoducks.

In Pierce County, shellfish beds and commercial and recreational harvest beaches are found
along the shorelines of Anderson Island, Burley Lagoon, Drayton Passage, Filucy Bay, Fox
Island, Henderson Bay, Oro Bay, Penrose Point, Rocky Bay, Vaughn Bay, West Key Peninsula,
and Wykoff Shoal (WDFW 2007, DOH 2007).

The Pacific geoduck occurs in Puget Sound as both wild and cultured populations. Geoducks
occur in soft substrates of low intertidal to subtidal regions. Subtidal populations are found in all
parts of Puget Sound and are regularly surveyed by WDFW and Treaty Tribes (Hoffman et al.
2000); much less information is available on intertidal populations. Subtidal geoducks are
subject to commercial harvest by divers, with a limit to the legal harvest set at 2.7 percent of the
estimated harvestable biomass in each of six regions in the Sound (Hoffman et al. 2000).

Intertidal geoduck populations are subject to recreational harvest, and more recently, geoduck
aquaculture has developed in Puget Sound. Currently, geoduck aquaculture occurs on privately
owned tidelands; however, the state is initiating a program to allow geoduck aquaculture on
leased state-owned tidelands (Ecology 2009). Shellfish aquaculture may provide a number of
benefits, including removing nutrients and particulates from the water column, reducing the
likelihood of harmful algal blooms, and increasing water clarity and light penetration. Geoduck
aquaculture also has the potential to negatively affect the marine environment. Potential effects
include introduction of non-native species and diseases, physical disturbance of benthic infauna
and submerged aquatic vegetation, damage to birds and other animals from predator exclusion
netting, increased sedimentation during harvest and effects on eelgrass, and potential genetic
effects on wild populations from cultured geoducks (Strauss et al. 2008). Geoduck aquaculture
may also result in conflicts among differing uses of the shoreline and nearshore areas, for
example between commercial shellfish harvest and recreational use, or aesthetic enjoyment of
the shoreline.

Shellfish beds perform a number of important ecological functions including nutrient cycling,
stabilizing substrate, enhancing water quality (filtering and retention), creating and maintaining
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habitat structure (e.g., oyster reefs), and providing food for a wide variety of marine
invertebrates, birds, fish and mammals. As filter feeders, shellfish consume large quantities of
plankton and particulate organic matter, cleaning the water column of organic matter (and any
pathogens or pollutants that are present). Shellfish species occupy a range of substrate types from
mud to gravels, with each species having a preferred or optimal substrate size for larval settling
and adult growth (Dethier 2006). Siltation can negatively impact larval shellfish by smothering,
and adult shellfish through interfering with filter feeding. Shellfish are therefore sensitive to
changes in sediment dynamics, especially increased erosion and inputs of fine sediments or
changes in substrate type or size (Dethier 2006). Because shellfish filter the water column, they
retain and concentrate pathogens and pollutants in the water — although this helps improve water
quality, contaminated shellfish can negatively impact people and other animals that eat shellfish.

3.2.10 Land Use and Land Cover

Land use and land cover in Pierce County follow the patterns of geology and topography
discussed above. Forest land dominates the majority of the eastern portion of the County that
lies within the Cascades and foothills. Much of the forest land is in active harvest rotation, but
there are significant protected areas, including within Mount Rainier National Park. The eastern
portion of the County also includes active glaciers and snowfields on Mount Rainier.

Land use and land cover vary more widely in the western portion of the County, which includes
broad upland till plains, alluvial valleys, and marine shorelines. Historically, the area was likely
dominated by forest and prairies (Collins and Sheikh, 2005, Collins et al., 2002).

The presence of a deepwater embayment (Commencement Bay) and vast forest resources within
the upper portion of the County resulted in the early establishment of a major port (at what is
now Tacoma) and other significant changes in land use and land cover over the past 150 years.
These changes focus on the conversion of forest and prairie to either agricultural or urban lands.
This shift in land use and cover includes the development of a transportation infrastructure that
extends throughout the County.

To provide an overall summary of land cover in Pierce County, data from the National Oceanic
and Atmospheric Administration (NOAA) Coastal Change Analysis Program (CCAP) project
(2001) are shown on Map 10 (Land Cover) and summarized in Table 3-2. Data are collected
into similar categories for the summary tables (e.g., high, medium, and low intensity are grouped
into ‘Developed’).

The density of urban development generally decreases with distance away from the Sound, and
cities and towns (Puyallup, Orting, etc.) are scattered along the main river valleys. Using WRIA
10 (Puyallup/White) as an example, the sub-basins in the upper watershed range between 1
(Upper White River) and 12 % (South Prairie Creek) developed, while the sub-basins in the
western portion range between 39% (Mid Puyallup River) and 93% (Tacoma) developed.
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Table 3-2. Sub-basin-scale summary of land cover data

. Forest,
Sub-basin Name WRIA Devciloped Agrliulture Grassland, Bare | Wetland (%) OpenOWater S”O"‘gor =
(%) (%) Land (%) (%) (%)
Browns Dash Point 10 67 0 28 2 3 0
Clear/Clark's Creek 10 70 7 21 2 0 0
Hylebos Creek 10 72 8 15 4 0 0
Lower Carbon River 10 4 3 91 3 0 0
Lower White River 10 39 14 29 4 14 0
Mid Puyallup River 10 40 13 42 4 1 0
Mud Mountain 10 12 18 59 11 1 0
South Prairie Creek 10 5 2 90 2 0 0
Tacoma 10 93 0 4 1 2 0
Upper Carbon River 10 1 0 91 1 1 6
Upper Puyallup River 10 2 0 89 2 1 6
Upper White River 10 1 0 94 1 1 4
Lower Nisqually 11 11 0 81 7 0 0
Mashel River 11 2 1 97 1 0 0
Mid Nisqually River 11 5 13 74 7 2 0
Muck Creek 11 15 19 60 6 0 0
Ohop Creek 11 4 6 88 2 1 0
Upper Nisqually River 11 1 0 83 3 3 9
American Lake 12 37 2 50 5 6 0
Chambers Bay 12 84 0 13 2 0 0
Clover Creek/Ste 12 60 4 32 3 1 0
Tacoma West 12 76 0 20 3 1 0
Burley Lagoon 15 28 1 67 4 0 0
Dumas Bay 15 93 0 7 0 0 0
Gig Harbour 15 30 1 65 4 1 0
Islands 15 9 8 71 8 4 0
Key Peninsula 15 6 2 86 6 1 0
Minter Bay 15 18 2 74 6 0 0
Water — Coastal 15 0 0 1 7 92 0
Wauna 15 27 0 69 3 1 0
Cowlitz 26 0 0 88 0 0 11
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3.3 Ecosystem Processes

The following section describes the landscape-scale processes that shape and influence the
marine and freshwater shoreline environments of Pierce County. Alterations to processes that
have occurred as a result of human activity and development are also discussed. These provide a
basis for understanding County-wide management issues and priorities.

3.3.1 Nearshore Marine Processes

The marine nearshore is defined as the zone of interface between the subtidal marine habitats of
Puget Sound, the freshwater habitats of rivers and streams and the adjacent uplands along the
shore (Williams et al. 2001, Redman et al. 2005). The nearshore extends generally from the
lower limit of light penetration in offshore waters (i.e., the photic zone, about 65 to 100 feet
below MLLW) to the MHHW line along the shoreline and/or the upper limit of tidal influence in
rivers and streams. Nearshore habitats also include upland and backshore areas that directly
influence the adjacent aquatic habitats (e.g., marine riparian vegetation and bluffs).

Process controls for Pierce County’s marine landscape include climate, geology, topography and
bathymetry, oceanography, and tidal circulation. These process controls drive ecosystem
processes that can be described within the broad categories of: physical morphology, and water
quality.

3.3.1.1 Physical Nearshore Marine Processes

The nearshore marine portion of Pierce County’s shoreline occurs over a dynamic physical
structure that spans the transition from the surrounding uplands into and through the intertidal
zone. Water, sediment, and vegetation combine within the nearshore to form areas that vary in
terms of slope, water depths, water quality parameters (e.g., salinity), sediment size, and seasonal
variability. These structures include bluffs, beaches, mud and sand flats, and marshes.

Beaches in the Puget Sound often have two distinct foreshore components: a high-tide beach and
a low-tide terrace (Downing 1983). The high-tide beach consists of a relatively steep beachface
with coarse sediment and an abrupt break in slope at its waterward extent. Sand in a mixed sand
and gravel beach is typically winnowed from the high-tide beach by waves (Chu 1985) and
deposited on the low-tide terrace. Extending seaward from the break in slope, the low-tide
terrace typically consists of a gently sloping accumulation of poorly sorted fine-grained sediment
(Komar 1976, Keuler 1979). Lag deposits derived from bluff recession are also found in the low
tide terrace. These deposits are typically comprised of larger rocks, ranging from cobbles to
boulders.

Wind-generated wave action gradually erodes beaches and the toe of coastal bluffs, leading to
landslides. These coastal bluffs are the primary source of sediment for most Puget Sound
beaches, including the Pierce County study area (Keuler 1988, Downing 1983). Bluff
composition and wave energy influence the composition of beach sediment. Waves sort coarse
and fine sediment and large waves can transport cobbles that small waves cannot. Additionally
beaches supplied by the erosion of coarse gravel bluffs will differ in composition from those fed
by the erosion of sandy material. The exposed strata of the eroding bluffs in the study area are
largely composed of sand, gravel, and silt (DNR 2001a, Ecology 1979). These same materials
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dominate sediment found on the beaches, with the exception of silt (and clay), that is winnowed
from the beachface and deposited in deeper water.

Wind Energy and Exposure

Within Puget Sound and the Northern Straits, fetch exhibits considerable spatial variability. The
DNR Shorezone database measured and classified the exposure of all beaches in Washington
State based on a combination of several open water distance measurements (DNR 2001a). Wave
energy is generally limited throughout the Pierce County study area. The maximum measured
fetch throughout the study area was just below 12 miles. Shores were classified as predominantly
“protected” (60%). Semi-protected shores were considered the most exposed within the study
area and accounted for about 21% of the study area. The remaining beaches were qualified as
very protected (19%) and likely represent the sheltered embayments that are frequently observed
across the study area.

Net Shore-drift

Wind-generated waves typically approach the shore at an angle, creating beach drift and
longshore currents and transporting sediment by a process called littoral drift. Net shore-drift
refers to the long-term, net result of littoral drift. Net shore-drift cells represent a sediment
transport sector from source to deposition along a portion of the coast. Each drift cell acts as a
system consisting of three components: a sediment source (erosive feature) and origin of a drift
cell; a transport zone where materials are moved alongshore by wave action with minimal
sediment input; and an area of deposition that acts as the drift cell terminus. Deposition of
sediment occurs where wave energy is no longer sufficient to transport the sediment in the drift
cell. Drift cells in the Puget Sound-Georgia Strait region range in length from 5 or more miles to
just a few hundred feet.

Net shore-drift was originally mapped in Pierce County by Harp in 1983 (Volume 3: Central
Puget Sound - Kitsap, Pierce, and King Counties). The mapping was compiled with other Puget
Sound net shore-drift mapping and published by the Washington State Department of Ecology
Shorelands Division in Schwartz et al., 1991 (Ecology Report #00-06-32). One other drift cell
mapping effort was completed in the late 1970s as part of the Coastal Zone Atlas of Washington
(Ecology 1974). The methods used in that study differed greatly from those applied by Schwartz
et al. (1991) in that the Atlas relied exclusively on (limited) historic wind records. This method is
known as wave hind-casting, where inland wind data records are used for the determination of
net shore-drift, without consideration of local variations in winds or coastal morphology. Drift
directions indicated in the Atlas have repeatedly been proven inaccurate.

Recently the Washington Department of Ecology digitized the compiled drift cell mapping (cited
as Schwartz et al. 1991); however, the mapping was not technically reviewed and numerous
errors and misinterpretations exist in the dataset. Upon initial review of the Pierce County net
shore-drift digital mapping, it appears that over 21 miles of shore were mapped as “Unknown”.
This is likely due to errors in interpreting the hard copy maps into digital format and could easily
be resolved by hiring a geologist with experience mapping net shore-drift. Additionally it is
likely that Harp performed the original mapping effort when McNeil Island was a federal prison,
as it was not included in his mapping. To date, no one else has explored the net shore-drift
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around McNeil Island, which represents a considerable gap in the net shore-drift data set. These
two deficiencies in the Pierce County data cumulatively represent over 33 miles of Pierce County
shoreline, or roughly 18% of the study area.

Pierce County contains all or part of 129 net shore-drift cells and 11 regions of negligible net
shore-drift. Drift cells range in length from 161 feet to over 7 miles. The average cell extends
just under one mile (0.9 mile). The wide range of drift cell lengths can largely be attributed to
frequent changes in shoreline orientation, dividing longshore drift into numerous shorter cells
(Schwartz et al. 1991).

The general pattern of littoral transport in the region largely reflects the shore orientation relative
to the predominant (strongest) wind and wave conditions. Shores that are exposed to the south
typically have northward net shore-drift due to predominant southerly winds. Shores exposed
only to the north are within the wind and wave shadow of strong southerly wind conditions, but
are exposed to lighter northerly winds, resulting in southward transport. Shores oriented east and
west are similarly influenced by their shore orientation relative to direction from which the
greatest fetch is derived. No appreciable net shore-drift occurs along rocky shores or with in
enclosed shorelines such as the inner shores of lagoons and sub-estuaries.

Coastal Bluff Landslides

Coastal landslides typically occur during periods of high precipitation on bluffs with a
combination of characteristics making the bluff more vulnerable to slope failure. These
characteristics include the underlying geology of a bluff or bank, its level of exposure (fetch),
and the local hydrology (groundwater and surface water). As a result, the exposed high-gradient
bluffs and banks of Pierce County are more susceptible to coastal landslides relative to lower
elevation and less exposed shores of the County.

Landslides are more likely to occur in areas where there is a history of landslides, or where the
lower part of the bluff is composed of an unconsolidated, permeable layer (sand) and a more
consolidated impermeable layer (such as dense silt or clay) (Gerstel et al. 1997). As water seeps
through the permeable layer and collects above the impermeable layer, a zone of weakness or
“slip-plane” is created. This pattern is a typical initiator of mass movement throughout Puget
Sound and in Pierce County.

Bluffs that are exposed to greater fetch are subject to higher wave energy during storms,
resulting in greater toe erosion and bluff undercutting, and thus more frequent landslides
(Shipman 2004). Keuler (1988) reported that undercutting the toe of the bluff (caused by wave
erosion) is the long-term driver of bluff recession in Puget Sound. Windstorms that create
significant wave attack of the bluff toe often trigger bluff failures. Bulkheads reduce wave attack
to bluff toes but can accelerate erosion of the beach. Storms that coincide with elevated water
levels, such as a storm surge or extraordinary high-high tide, commonly initiate landslides
throughout the Puget Sound region (Johannessen and Chase 2003).

The wave attack caused by a storm that occurs in conjunction with heightened water level can
produce dramatic toe erosion, which then undermines and destabilizes a larger portion of the
bluff that may not fail (slide) until subsequent wet weather months. Periods of high rainfall
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intensity and duration (especially during saturated soil conditions) are the most common trigger
of coastal landslides (Tubbs 1974, Thorsen 1987), such as those observed at New Year 1996-97
(Gerstel et al. 1997, Shipman 2001).

Seepage can sometimes be observed in the bluffs of Puget Sound and Pierce County. The highest
volumes of groundwater observed seeping from the bluff face typically occur following
prolonged periods of heavy precipitation. Surface water volumes often increase and become
more concentrated as a result of development of housing and roads. Concentrated surface water
can locally erode bluff crests while also saturating soils, which exacerbates natural slope stability
problems along coastal bluffs and can trigger landslides (Shipman 2004). Runoff flowing down a
driveway and rapidly across a lawn (which can absorb little water when wet) as sheet flow to the
bluff face is an example of this process. A broken drainage pipe on a bluff face is another form
of development triggering landslides. Failed drainage pipes and subsequent erosion are common
in Pierce County and often contribute to and initiate coastal landslides.

Bluffs with significant modifications to both the natural drainage regime and vegetation are
particularly susceptible to landsliding. Removal or lack of bluff vegetation can result in low root
strength (for example, scattered ornamental plants and grass). Lower root strength can increase
the likelihood of future landslides (Schmidt et al. 2001, Zeimer and Swanson 1977, Bishop and
Stevens 1964). Reestablishment and maintenance of native vegetation cover, or installation of a
fibrous-rooted vegetation cover along with some type of drainage control, can reduce the
likelihood of bank failures (Gray and Sotir 1996, Menashe 2001, Roering et al. 2003).

The slope stability mapping in the Coastal Zone Atlas was recently digitized by the Washington
State Department of Ecology (1979). The mapping was originally performed in the 1970s using
aerial photograph analyses and field reconnaissance. Thirty-six historic landslides were mapped
throughout the County’s marine shores, with the most falling within WRIA 15. Seventy-three
“recent landslides” were mapped in the County. Distribution of these slides was largely even
across Pierce County’s nearshore, with slightly more landslides occurring in WRIAs 10 and 12.

Fluvial Influences

Fluvial influences play key roles in the nearshore environment in driving estuarine circulation
patterns, influencing stratification, forming and maintaining physical habitat structure in
estuaries through the movement of water and sediment, influencing salinity gradients and
associated water quality characteristics in estuaries, serving as migratory corridors for the
movement of animals, and providing a source of sediment, nutrients and toxins, and large woody
debris to nearshore systems. Major rivers, such as the Nisqually and Puyallup, have a
predominant influence in the South Sound in terms of inputs of freshwater, sediment, and
nutrients/pollutants (Embrey and Inkpen 1998, Ecology 2005). Freshwater inputs from smaller
streams are also important in the formation and maintenance of pocket estuaries.

In Pierce County nearshore environments, the major fluvial influences are the Puyallup River
and Nisqually River, with the Puyallup River contributing about 43% of the annual inflow of
freshwater to the South Sound (Albertson et al. 2002). Smaller streams, such as Burley,
Chambers, Rocky, and Wollochet Creeks, also contribute freshwater and sediment and influence
local habitat structure and salinity gradients. Fluvial influences may also include the contribution
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of freshwater flows from surface seeps and/or groundwater along marine shorelines. These areas,
although contributing small amounts of freshwater in localized areas, can have a significant
impact on the salinity gradients in pocket estuaries and can affect temperatures and moisture
levels in the upper beach areas where forage fish spawn.

Changes in river flows, removal or constriction of tidal exchange, filling of floodplain or
estuarine wetlands, and shoreline armoring can alter and/or remove fluvial influences from the
nearshore. These changes can reduce habitat quality and quantity for nearshore plants and
animals. For example, construction of tide gates or levees across estuaries that block river flows
and tidal exchange not only decrease the area of tidally influenced estuarine wetland landward of
the barrier, but can also greatly reduce habitat complexity and extent of tidal channel networks
seaward of the barriers (Hood 2005).

3.3.1.2 Nearshore Marine Water Quality Processes

The nearshore and marine waters of Pierce County receive inputs of nutrients and organic matter
from deeper ocean waters via estuarine circulation and mixing, from nearshore bottom
sediments, and from adjacent uplands, streams, rivers, and groundwater seeps. In general, inputs
from natural sources of nitrogen and phosphorus are several orders of magnitude greater than
anthropogenic sources in Puget Sound (Harrison et al. 1994). However, a number of the South
Sound’s characteristics lead to a greater contribution from terrestrial and anthropogenic sources
of nutrients compared to oceanic influences (Albertson et al. 2002). The South Sound is thus
relatively sensitive to eutrophication and low dissolved oxygen (DO) related to anthropogenic
sources of nutrients (Newton and Reynolds 2002, in Albertson et al. 2002). Inputs of excess
nutrients, toxins, and pathogens are affected by the volumes of river discharges to the Sound,
land cover in the contributing watersheds of rivers discharging to the Sound, presence of
agricultural land uses which concentrate manure or fertilizers, failing septic systems, fertilizers
and pesticides from residential areas, contaminated sediments from industrial or commercial
operations, and stormwater runoff from impervious surfaces (Embrey and Inkpen 1998).

The South Sound is characterized by protected bays and narrow inlets, relatively shallow depths,
stratification of the water column, slow flushing times, and a high shoreline to water surface area
ratio (Albertson et al. 2001). Under these conditions, nutrients entering the nearshore from
adjacent uplands, rivers, and streams are not diluted by mixing or flushing. The shallow nature of
the bays and inlets results in high productivity — given abundant nutrients and light, plankton and
other algae have high growth rates (Nakata and Newton 2001). The South Sound likely
experienced greater periods of low DO historically due to its physical characteristics, but these
also make the region more vulnerable to increased low DO levels and eutrophication associated
with rural and urban development in the adjacent uplands. The South Puget Sound area
experiences a greater frequency of periods with DO levels low enough to kill marine organisms
more frequently than other areas of Puget Sound (Newton et al. 1998). Areas with the highest
sensitivity to elevated nutrient inputs and vulnerability to low DO include Case and Carr Inlets
(Albertson et al. 2002).

Excess nutrients entering these areas can lead to water quality problems associated with
eutrophication — algal blooms and low levels of dissolved oxygen (hypoxia), which can be
detrimental to marine organisms. Greater phytoplankton growth or algal blooms stimulated by
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excess nutrients reduces light levels reaching the bottom, and reduces the growth and vigor of
other plants, such as eelgrass and macroalgae (Williams and Thom 2001). Eutrophication can
also lead to contamination of shellfish beds from the harmful bacteria associated with some
nutrient sources (i.e., fecal coliforms), and from harmful algal blooms, which are thought to
contribute to Paralytic Shellfish Poisoning (PSP) and Amnesiac Shellfish Poisoning (ASP)
(DOH 2005). In addition, excess nutrients can affect phytoplankton community composition and
therefore, indirectly affect marine food webs that rely on phytoplankton.

Light Energy

Light entering the marine nearshore environment is a key factor controlling biological processes
such as primary production from the growth of plants, reproductive cycles of marine animals,
migratory movements, and predator-prey interactions (Nightingale and Simenstad 2001). For
example, the growth of eelgrass is highly dependent on adequate light levels, and the foraging
success of juvenile fish (or their predators) depends on adequate light levels for locating and
capturing prey. Juvenile salmonid movements are affected by areas of deep shade and this in turn
may affect vulnerability to predators and timing of migration from the nearshore to deeper waters
(Simenstad et al. 1999, Thom and Albright 1990). Light levels also affect water temperatures in
ways that directly affect the growth and productivity of marine plants. For example, light levels
influence the rate at which water temperatures warm during the spring and the timing of plankton
blooms. Finally, light levels affect temperatures and therefore the degree of desiccation and heat
stress in upper beach areas which are important habitats for forage fish spawning.

Three types of light alteration are particularly important in the nearshore system — a decrease in
daytime light levels due to artificial shading; an increase in daytime light levels (and
heat/desiccation stress) due to vegetation removal and riparian vegetation/shoreline armoring;
and an increase in nighttime light levels due to artificial lighting from buildings, docks, marinas,
or roadways.

3.3.2 Nearshore Marine Alterations

A substantial portion of the Pierce County shoreline has been modified from its original state.
Shoreline modifications observed within the County include: shoreline armoring, over-water
structures, fill, aquaculture structures, and dredging for marinas and deep-water moorage.
Approximately 41% of the linear shoreline has undergone such modifications, excluding filling
which is not easily observed or formerly inventoried. Modified shoreline segments vary in the
degree that they are modified. Shorelines that are more than 80 percent modified represent 30
percent of the County shoreline (approximately 54 miles). Approximately 1.7 percent of the
marine shoreline has modifications that infringe considerably on intertidal habitats, extending
approximately down to mean sea level (Pentec 2003).

3.3.2.1 Shoreline Armoring

Shoreline armoring refers broadly to structures placed in the nearshore to prevent bank erosion,
control the movement of sediment, and intercept wave energy. Shoreline armoring includes
breakwaters, jetties, groins, bulkheads, seawalls, and revetments (ACOE 1981). Armoring below
the MHHW line has relatively greater impacts on nearshore processes and habitats than armoring
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that is placed higher on the shore (Williams and Thom 2001). Shoreline armoring affects a
number of physical (MacDonald et al. 1994) and biological (Thom and Shreffler 1994) processes
in the nearshore, including:

o Loss of beach area, lowering of beach elevations, and steepening of beach profiles;

e Modification of groundwater movement; barriers to groundwater movement into upper
beach areas;

e Intensification and deflection of wave energy, increased erosion adjacent to armoring,
coarsening of beach substrates, and loss of accumulation areas for organic material due to
higher wave energy;

o Loss of riparian vegetation, which provides shade, a source of leaf litter and insects to
nearshore food webs, stabilizes shorelines, provides water quality benefits, and wildlife
habitat. Shoreline armoring is often associated with the removal of existing riparian
vegetation and shoreline reaches with armoring rarely have riparian vegetation present;

o Impoundment of sediment behind structures, loss of sediment sources, and changes in
sediment transport patterns;

o Altering the movement of juvenile fish, moving them further offshore in the area of
shoreline structures;

o Removal of shade from the upper beach area and increases in heat and moisture stress in
beach sediments;

« Change in composition of beach communities from those adapted to sands/gravels (small
crustaceans, eelgrass, bivalves) to those typical of hardpan, rock or coarse cobbles
(barnacles, seaweeds);

e Change in or loss of freshwater inputs from surface and groundwater, and resulting
change in nutrient and organic matter inputs; and

« Elimination or reduction of spawning habitat for forage fish.

Shoreline armoring is concentrated in Hale Passage, Henderson Bay (especially near Glen
Harbor), Gig Harbor, Wollochet Bay, Filucy Bay, Colvos Passage, and portions of Case Inlet
near Vaughn and Rocky Bays (Pentec 2003). These areas have between 50 to 100 percent of the
shoreline below MHHW armored with bulkheads. Scattered areas on Anderson and McNeil
Islands are localized areas with shoreline armoring. The railroad embankment adjacent to shore
between the Nisqually Delta and Tacoma Narrows Bridge contributes to shoreline armoring and
removal of riparian vegetation.

Shore hardening or modifications that include covering the beach and/or backshore with riprap,
rockeries, revetments or bulkheads, directly impact the nearshore. The effects of shore armoring
on physical and biological processes have been the subject of much concern in the Puget Sound
region (for example, PSAT 2003). Macdonald, et al. (1994) completed an extensive series of
studies documenting the impacts to the beach and nearshore system caused by shore armoring at
a number of site-specific areas. Additional studies on impacts from shoreline armoring showed
that in front of a bulkhead, the suspended sediment volume and littoral drift rate all increased
substantially compared to an adjacent unarmored shore (Miles et al. 2001).
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A bulkhead constructed near the ordinary high water mark (OHWM) in a moderate energy
environment increases the reflectivity of the upper beach to waves substantially, causing
backwash (outgoing water after a wave strikes shore) to be more pronounced. Increased
backwash velocity removes beach sediment from the intertidal beach, thereby lowering the beach
profile (Macdonald et al. 1994). A bulkhead constructed lower on the beach causes more impact.
Construction of a bulkhead at or below OHWM results in coarsening of beach sediment in front
of the bulkhead (Macdonald et al. 1994, Kraus 1988). Relatively fine-grain size sediment is
mobilized by increased turbulence caused by the bulkhead (Miles et al. 2001), and is
preferentially transported away, leaving only the coarse material on the beach. This process also
leads to the removal of LWD from the upper beachface. Both of these impacts lead to changes in
habitat along the armored portion of shore.

A number of local hydraulic impacts often occur in response to a bulkhead. These include the
formation of a scour trough (a linear depression) directly in front of the wall probably as a result
of increased reflectivity of the wave energy from the wall to the upper beach. Another hydraulic
response is the formation of end scour erosion (end effects). This occurs at unprotected shores
adjacent to the end of a bulkhead and is caused by wave refraction at the end of the bulkhead
(Tait and Griggs 1991). Impacts during storms, where seabed fluidization and scour occur at
enhanced levels, may be pronounced in front of a bulkhead, but this process is not well
understood.

The groundwater regime is often modified by the construction of a seawall along the base of a
bluff (Macdonald et al. 1994). An impermeable bulkhead that extends vertically above OHWM
raises the groundwater table. This can cause increased pore pressure in beach sediment, leading
to mobilization of beach sediment under lower energy waves, relative to natural unarmored
conditions. This effect is most pronounced at locations with fine-grained beach sediment.

Of all the impacts of shore armoring in the Puget Sound area, sediment impoundment is probably
the most significant negative impact (PSAT 2003, Pilkey 1988). Structures such as bulkheads, if
functioning correctly, lock up bluff material that would otherwise be supplied to the shore drift
system. This decreases the quantity of drift sediment available for maintenance of down-drift
beaches. The negative impact of sediment impoundment is most pronounced when armoring
occurs along a feeder bluff with a high sediment yield such as the southern shore of Fox Island or
many of the other high elevation bluffs found throughout the study area (Johannessen et al. 2005,
Macdonald et al. 1994). Additionally, cumulative impacts from several long runs of bulkheads
pose significant challenges for shoreline management.

As the bluffs in the County continue to gradually recede, there will likely be an increasing desire
for homeowners to build bulkheads. Added bulkheads would lead to further sediment
impoundment and further reductions in the natural sediment supplied to drift cells and nearshore
habitats, and would therefore constitute a significant negative impact. Without this sediment, the
beaches would become starved, resulting in a reduction of the beach width (Macdonald et al.
1994). Beaches would also become more coarse-grained (Macdonald et al. 1994) as sand was
winnowed out, leaving a higher percentage of gravel. This would likely negatively impact forage
fish spawning and other habitat values of County beaches. This could also lead to an increase in
coastal flooding and wave-induced erosion of existing low shore armoring structures and homes.
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3.3.2.2 Overwater Structures

Overwater structures including docks, piers, moorings, and marinas are scattered throughout the
Pierce County nearshore and primarily affect nearshore processes, species, and habitats by
changing light conditions, wave energy, substrate size and type, and water quality (Nightingale
and Simenstad 2001). Overwater structures affect the following processes and functions:

e Reduced light levels can affect photosynthesis and therefore growth and reproduction of
phytoplankton and benthic vegetation such as eelgrass;

« Changes in plant species composition and abundance affect aquatic food webs, for
example, loss of eelgrass also results in a loss of detritus-based food webs and a number
of important salmonid prey species;

e Reduced light levels, and particularly sharp boundaries between light and shade, affect
fish feeding, predator avoidance, schooling, and migration behaviors;

o Overwater structures can alter wave energy and sediment transport dynamics (e.g., scour
areas), changing substrate size and stability, which in turn can affect communities of
benthic animals and forage fish spawning;

e The close placement of pilings diminishes wave energy, causing finer sediments to fall
out of suspension where they normally would remain in transport. Reduced wave energy
associated with pilings can also prevent transport of larger sediments that require higher
wave energy for transport;

o Construction of structures can disturb the substrate and increase turbidity;

e Some construction materials (e.g., creosote piles) leach contaminants into the sediments
and water column, and marinas may contribute to water quality problems result from boat
engine exhaust, sewage discharge, fuel spills, and stormwater runoff from adjacent
parking lots;

e Increase in artificial nighttime lighting can attract predators, alter movement and
migratory behavior of juvenile fish, including salmonids, and affect reproductive
behavior of night-spawning forage fish.

Artificial lighting during the night, from marinas, docks, and buildings or roads adjacent to the
shore, can interfere with migration of juvenile fish, including salmonids, and can affect predator-
prey interactions (Simenstad et al. 1999, Rich and Longcore 2005). Bright lights at night can be
an attractant, potentially exposing juvenile fish to greater levels of predation, and also have the
potential to affect spawning behavior of forage fish (Simenstad et al. 1999).

Overwater structures are concentrated in the same general locations as shoreline armoring in
Pierce County, being most prevalent in Hale Passage, Gig Harbor and Wollochet Bay, around
Raft Island and adjacent areas of Henderson Bay, Burley Lagoon, Vaughn Bay and Rocky Bay
(Pentec 2003), as well as at Horsehead Bay, Glen Cove, Mayo Cove, Filucy Bay, Vaughn Bay,
Amsterdam Bay and Oro Bay on Anderson Island, and the north shore of Fox Island.
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3.3.2.3 Dredging and Filling

Dredging and filling are primarily conducted to maintain boat access and create channels for
mooring and navigation, and to create new upland areas for development. Dredging has the
potential to redistribute and resuspend contaminated sediments and is regulated through both
Federal and State permits. Dredging results in direct physical disturbance to benthic organisms
and loss of habitat, although recolonization may occur within a few years of disturbance
(Williams et al. 2001). Temporary impacts from dredging include an increase in turbidity and
potential resuspension of contaminants. Some of the same impacts occur as a result of boat scour
in areas where propeller wash or high boat traffic disturbs benthic sediments.

Filling also directly impacts upland and wetland habitats adjacent to the shoreline and has been
responsible for much of the loss of freshwater and estuarine wetlands in Pierce County,
particularly in the Puyallup estuary (Redman et al. 2005). Fill that extends into the intertidal can
also result in the loss of nearshore habitats, including forage fish spawning and eelgrass beds
through changing elevations, water depths, current patterns, and substrate size and type
(Williams et al. 2001).

The largest area of fill in the Pierce County nearshore is associated with Commencement Bay,
but smaller areas of fill are associated with concentrated shoreline armoring described above
(Pentec 2003). Areas subject to dredging or boat scour are relatively uncommon in Pierce
County, being found on the northwest shore of Fox Island, scattered locations on Anderson
Island, and in Gig Harbor.

3.3.2.4 Water Quality Alterations - Increased Pathogen/Nutrient Inputs

Increased inputs of pathogens/toxins adversely impact shellfish populations and
recreational/commercial harvests. Pollution, thermal stress, and desiccation increase mortality of
forage fish on beaches (egg and larval) (Emmett et al. 1991).

Low energy, semi-enclosed habitats with significant inputs from upland areas such as river or
stream deltas, and sand and mud flats are particularly vulnerable to alterations that affect water
quality. Inputs may be higher in these areas, and excess nutrients, pathogens, and toxins tend to
accumulate or have longer residence times in these areas. Particularly during periods of increased
water stratification, nutrients or pollutants can increase to levels that impact marine organisms.
Because they are sedentary and filter feeders, shellfish are particularly vulnerable to deteriorating
water quality and excess nutrients or pollutants. Shellfish contaminated with fecal coliform
and/or algal toxins can pose problems for people, as well as for other animals that feed on
shellfish.

Water quality has been a concern in several locations within Pierce County over the last decade.
A number of nearshore locations throughout the County have reached unacceptable water quality
standards over the past several years. South Sound marine waters have been identified as
impaired under the Clean Water Act (CWA) Section 303(d) list for DO and fecal coliform
bacteria, particularly the waters in Carr Inlet and Henderson Bay, the southeastern portion of
Anderson Island, near Wollochet and Chambers Bays, and Gig Harbor. Non-point sources of
excess nutrient inputs (primarily nitrite/nitrates and ammonia) include the Puyallup River, and
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Chambers/Clover, Woodard, McAllister, Rocky, Coulter, and Burley Creeks (Albertson et al.
2002). The Puyallup River discharge contributes the largest load of fecal coliforms to the South
Sound, while the Nisqually and Puyallup rivers, along with the Deschutes, contribute the bulk of
the total suspended solids (TSS) load to the South Sound. Important point sources identified in
Albertson et al. (2002) include wastewater treatment facilities on McNeil Island, Tacoma,
Chambers Creek, Gig Harbor, and some aquaculture facilities in the South Sound.

Sources of toxins in Pierce County marine waters include contaminated sediments from past
industrial or commercial operations along the shoreline and from stormwater runoff that enters
the Sound from roadways and other impervious surfaces. Commencement Bay is the largest area
of contaminated sediments in the South Sound. Stormwater runoff from the greater Tacoma
urban area also contributes toxins to the marine nearshore waters of Pierce County. For example,
polycyclic aromatic hydrocarbons (PAHS) entering Thea Foss waterway from stormwater were
several orders of magnitude greater than levels in other parts of Puget Sound (Ecology 2005).

3.3.2.5 Loss or Simplification of Estuarine Wetlands

Estuarine wetland habitats have decreased dramatically in the South Sound compared to the
extent of wetlands prior to European settlement (Bortelson et al. 1980). The Puyallup Delta
estuary in particular has been almost completely altered, with an estimated loss of 98% of
intertidal wetland area. Dredging and filling of Commencement Bay, as well as the confinement
of the Puyallup River channel within levees, resulted in an almost complete loss of estuarine
habitat. Loss of wetland habitats in the Nisqually estuary has not been nearly as dramatic, with
only about a 20% to 30% loss of estuarine wetlands. In addition, alterations in the Nisqually
Delta are primarily the result of diking to protect agricultural land from tidal influence.
Therefore, there are significant opportunities to restore estuarine area and function by removing
dikes and restoring tidal influences to the delta.

Pocket estuaries and salt marsh habitat have also been lost and/or altered in Pierce County. An
estimated 50% of the pocket estuaries identified in the Carr-Nisqually and South Sound sub-
basins (Redman et al. 2005) were classified as not properly functioning for salmonids, due to
shoreline armoring, dredging and filling, and loss of tidal connections. For example, roads across
streams at the mouth of many pocket estuaries (e.g., Bradley Creek on McNeil Island) partially
constrict tidal exchange and alter habitat areas both upstream and downstream of the road
crossings. Loss of pocket estuaries affects the quality and quantity of nearshore habitat available
to juvenile salmonids for feeding, physiological transition, refuge from predators, and migratory
corridors. Loss of estuarine wetlands also affects the performance of sediment retention, nutrient
cycling, organic matter production, native plant diversity, and provision of fish and wildlife
habitat functions.

3.3.2.6 Marine Riparian Vegetation Alterations

The marine riparian zone is an important area for several nearshore processes, including water
quality processes, light energy, sediment processes, and as a source of LWD and organic matter.
Removal of riparian vegetation occurs as a result of shoreline armoring, construction of
overwater structures, construction of roads or railroads adjacent to the shoreline, and commercial
or residential development. Removal of riparian vegetation results in the following process
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alterations and impacts to nearshore functions (Pentilla 2001, Williams et al. 2004, Brennan and
Culverwell 2004):

e Loss of sediment retention and bank stabilization functions provided by vegetation
(particularly root masses), increased sediment inputs and/or erosion, and higher rates of
bank or bluff failure;

e Loss of nutrient cycling and pollutant retention functions and increased nutrient and
pollutant inputs to the nearshore;

o Replacement of riparian vegetation with impervious surfaces (e.g., including residential
lawns) resulting in increased stormwater runoff, and inputs of pollutants (including
metals, pesticides, and fertilizers);

o Loss of wildlife habitat;

e Loss of inputs of LWD and other organic matter (e.g., leaf litter, insects) that are
important components of nearshore food webs;

e Increased heat and drying stresses in the upper beach/intertidal area due to loss of riparian
shade, decreased suitability for forage fish spawning, changes in beach faunal
communities.

Increases in light levels and the associated desiccation and temperature stress are most
commonly associated with the removal of riparian vegetation from the shoreline and the loss of
shade to the beach from overhanging vegetation (Brennan and Culverwell 2004). The upper limit
of many intertidal animals is controlled by temperature and moisture/desiccation stress
associated with exposure during low tides. Removal of riparian vegetation can result in a loss of
these animals from upper beach areas that are no longer shaded. The success of forage fish
spawning and egg survival is also tied to suitable temperature and moisture conditions within
sands and gravels in the upper beach — these conditions are negatively affected by higher light
levels and reduced shade following removal of riparian vegetation (WDFW 2000).

Areas where riparian vegetation has been removed or is highly altered overlap with many of the
same areas affected by shoreline armoring and include both sides of Hale Passage, the upper end
of Wollochet Bay, Gig Harbor, scattered locations along Colvos and Dalco Passage north of Gig
Harbor, the eastern and western shores of Henderson Bay, the north side of VVaughn Bay, and
scattered locations on the east and southern shores of Anderson Island (Pentec 2003).

3.3.3 Freshwater Ecosystem Processes

Freshwater ecosystem processes focus on the movement, partitioning, and storage of water,
sediment, nutrients, bacteria, pathogens, and plants within an ecosystem at multiple spatial and
temporal scales. This section identifies the areas on the landscape that are most important (on a
relative scale) for performing these key processes. These “important areas” (also known as
process-intensive areas) are the intrinsic building blocks for ecosystem functioning. Alterations
to these important areas are discussed in Sections 3.3.3.1 to 3.3.3.4.

For the purposes of this discussion, processes have been grouped under four broad headings: (1)
hydrology, (2) sediment generation and transport, (3) water quality, and (4) organic materials.
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3.3.3.1 Hydrology

Water naturally enters the watersheds of Pierce County through rain, snow, or movement of
groundwater. Water moves within a watershed as surface water in rivers and streams, infiltrates
and becomes groundwater, or is stored in wetlands, lakes, and floodplains. Hyporheic flow
occurs as surface flow becomes shallow subsurface flow, moving down valley through alluvial
sediments. Water can also flow in the subsurface as groundwater. Ground and surface waters
can interact as surface water infiltrates (recharge), or as groundwater reaches the surface
(discharge).

The movement and storage of groundwater within Pierce County is largely a function of the
geologic setting. In the upper portions of the County, deposits of relatively impermeable rock
limit, but do not eliminate, the potential for groundwater recharge. In the lower, generally
western, portions of the County, the thick accumulation of glacial sediments creates a complex
hydrogeologic system that includes recharge areas in the upland plain, water bearing layers in
coarse deposits, and discharge areas in the margins of alluvial valleys.

Glacial deposits typically include one or more aquifers and aquitards (i.e., low permeability
geologic strata that function to restrict groundwater movement). These interspersed permeable
and impermeable layers control subsurface water movement from the upland to the lowlands.
Water that infiltrates into the ground generally flows downward until impeded by less permeable
sediment and then flows laterally to a body of water or to a slope face where it may emerge as
springs or seeps on the hillside. A portion of the groundwater, however, will percolate downward
through lower-permeability sediment, recharging underlying aquifers. Springs discharge along
the steep slopes at the edge of the upland plateaus, primarily from recessional outwash, which
overlies the till; VVashon advance outwash, which underlies the Vashon till; and a deeper, pre-
Vashon outwash (Jones et al., 1999).

Consumptive use of groundwater is another factor in groundwater processes in this region,
especially in the higher populations of the Lower Puyallup River. Almost 7 million gallons of
groundwater were withdrawn from the Lower Puyallup valley in 1996, typically from deeper
coarse-grained glacial deposits (Jones et al., 1999).

Rain and snowfall that is translated into surface runoff creates the significant surface drainage
system that exists within Pierce County. Freshwater flows into the marine nearshore via the
mouth of the Puyallup River and Hylebos Creek at Commencement Bay, within the Nisqually
Delta, the mouth of Chambers, Minter and Rocky Creeks, and as seeps and smaller tributary
streams along coastal bluffs.

The Puyallup, White, and Nisqually rivers are significantly influenced by snowmelt processes in
high elevations with a long-duration peak season in May to July of each year, depending on
snowpack conditions (Sumioka, 2004). Precipitation as rain and snow occurs throughout the
County, with snow fall dominating above 7,000 feet elevation, transition between 7,000 and
2,000 feet elevation, and primarily as rain below 2,000 feet. Rain-on-snow events can produce
significant runoff events that often result in the highest annual peak flows. This precipitation
results in the development of significant drainage systems that include intermittent and perennial
streams; riverine, depressional, and slope wetlands; and lake systems.
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Hydrology Important Areas

Important areas for hydrology focus on how water that enters the watershed via precipitation
moves into, through, and out of the system (see Map 11). These areas are broadly grouped into:
(1) source areas, (2) storage areas, and (3) infiltration areas.

Key source areas are focused within the eastern portion of Pierce County in the snow- and rain-
on-snow dominated zones. Precipitation in this zone provides the basis for much of the aquatic
resources of the mainland portion of Pierce County. Hydrologic input to aquatic systems occurs
throughout the watershed, but these snow-influenced zones have the potential to release
significant volumes of water that support seasonal hydrologic patterns (e.g., snow melt-driven
high flows).

As water moves downstream from source areas to generally broader and lower slope alluvial
valleys, the potential for storage of water increases. Water storage (in natural systems) is often
focused within low-slope floodplains and wetlands that provide the interface between upland and
aquatic ecosystems. Stream channel to floodplain connections provide areas where specific
ecological functions (e.g., flood flow retention, peak flow reductions, etc.) can occur. Areas
identified as important storage areas are shown in purple on Map 11. These areas are focused on
the broader alluvial valleys generally west of the Cascade foothills.

Once water enters a storage area, there is potential for recharge to an aquifer. Groundwater
recharge is a key ecosystem function that: (1) reduces the amount of surface water flowing in
channels, (2) supports groundwater resources, and (3) supports baseflow in streams lower in the
system. To approximate areas where groundwater recharge is a key function, infiltration areas
are mapped that combine low slope, mapped aquifer recharge areas, and relatively permeable
surface deposits. These infiltration areas are hatched on Map 11. Within Pierce County,
groundwater recharge areas are focused within floodplain deposits, and in the upland south of
Tacoma. This area includes relatively coarse outwash materials that were deposited in the
channels that drained large proglacial lakes. This area includes some of the larger lakes in the
County, including American, Gravelly, and Spanaway Lakes.

Alterations to Hydrologic Processes in Pierce County

Alterations to hydrologic processes are generally associated with changes in land use and land
cover, but also include direct structural changes to streams and wetlands. Consistent with land
use patterns, the scale of hydrologic alteration in WRIAs 10, 11, and 12 increases along stream
channels with proximity to the Puget Sound shoreline. In WRIA 15, the scale of hydrologic
alteration is typically smaller, and is focused in limited areas along major roads, and in the urban
area of Gig Harbor. Hydrologic alterations (e.g., dam installations, development in storage areas)
in Pierce County are illustrated on Map 12.

The White and Puyallup rivers have experienced large scale alterations that have affected the
functioning of these river systems. The course of the White River was substantially altered after
a significant channel change occurred in 1906 when the White River moved south to entirely
flow into the Puyallup River. This alteration initiated a series of projects intended to manage the
size, location, and behavior of the Puyallup River and its tributaries (King County, 1988).
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Between 1908 and 1917, significant relocation, armoring, and diking of the Puyallup River was
completed. Much of the work was completed under the auspices of the Inter-County River
Improvement District, which was formed as an organization to share costs between King and
Pierce Counties to address river issues surrounding the White River’s change of alignment into
the Puyallup basin (King County, 1988). The installation of Mud Mountain dam on the White
River, finished in 1948, provides flood control and has significantly altered the flow regime of
the White River.

The partitioning of precipitation into evapotranspiration, infiltration, surface storage, soil storage,
and surface runoff is a key hydrologic process within Pierce County. Under forested conditions
at elevations below 2,500 feet, 50% or more of precipitation is evapotranspirated, and 25 to 40%
is available for groundwater recharge (Booth et al., 2002). Groundwater recharge is more
prevalent within coarser deposits (e.g., alluvium, recessional outwash, advance outwash), as
occur in the broad upland plain from Tacoma extending south past American Lake. As land uses
shift, so does the partitioning of precipitation. Removal of forest cover significantly reduces
evapotranspiration rates, and installation of impervious surface significantly reduces
groundwater recharge. The end result of these alterations due to conversion from forest to
pasture or urban uses directs more water into stream channels. Stream channels are then forced
to adjust their geometry, compromising instream and riparian habitat functioning. This process
has been identified throughout the more urbanized basins of Pierce County, including the middle
reaches of Clear/Clarks Creek (Pierce County, 2006).

To provide an initial view of the scale of these alterations, land cover data (e.g., NOAA CCAP)
are used to map potential alterations. The spatial results of this analysis are shown on Maps 12,
13, and 14.

The most notable pattern evident in these maps is the variable level of alteration between the
relatively unaltered eastern half of the County, to the more altered western half. In eastern Pierce
County, hydrologic alterations focus on timber harvesting, limited development, and the
installation of dams and levees along major stream channels. In the western portion, developed
lands and agriculture cover a significant area, and levees are more prevalent along major streams.

Methods for Ranking Hydrologic Processes by Sub-basin

To assess potential changes in hydrologic processes, impervious surface and forest cover data
were summarized for hydrologic sub-basins throughout the County. These parameters are
thought to generally scale to the level of hydrologic alteration. As levels of impervious surface
increase, and forest cover decreases, the amount of rainfall that reaches stream channels also
increases, altering in-stream and riparian conditions. Streams are forced to expand to match
higher peak flows, resulting in channel erosion and instability. Less water infiltrates into the
soil, reducing the amount of water that is available to support baseflows in the summer months.
These altered channels typically perform habitat ecosystem functions at a lower level compared
to the pre-disturbance condition.

To provide a general idea of the range of conditions throughout Pierce County, results of the
impervious surface and forest cover tabulation for each sub-basin are plotted on Figure 3-1.
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Percent forest is calculated without areas that would not naturally have been forest (e.g., open
water, native grasslands, etc.).
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Figure 3-1. Percent forest versus percent impervious values for each sub-basin within
Pierce County. Vertical red line at 4% impervious and horizontal red line is at 65% forest
cover (see text discussion).

These parameters, along with the number of stream-road intersections, was used to develop a
relative ranking of the level of alteration to hydrologic processes for each sub-basin. Each sub-
basin was assigned a ranking of high, moderate, or low for hydrologic processes relative to the
other sub-basins in the County. To create this relative ranking, criteria were set for three
parameters: (1) impervious surface cover, (2) forest cover, and (3) number of stream crossings
per mile of stream. The number of stream crossings was included to capture the hydrologic and
hydraulic routing effects of roads on streams (see for example Grant et al., 2008). As shown in
Table 3-3, if these parameters were within a specific range, the sub-basin was assigned a high,
medium, or low ranking. For example, a sub-basin with a small percentage of impervious
surface (less than 4%), extensive forest cover (greater than 65%), and few road crossings (less

than one per mile of stream) would be considered in the low range for alterations to hydrologic
processes.
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Table 3-3. Parameters and ranges for assessment of alteration to ecosystem functioning

for hydrologic processes

Parameter(s)

Low Range

Medium Range

High Range

Impervious
Surface (%)

<4% Impervious

AND

<4% Impervious

OR

>4% Impervious

AND

Forest Cover (%)

>65% Forest

AND

>65% Forest

OR

<65% Forest

AND

Road Crossings

<1 road crossings

<1 road crossings

>1 road crossings

(per mile of
stream)

These criteria and scoring were selected to provide a relative ranking, and are based generally on
values identified in past studies of ecosystem response to perturbation (e.g., Booth et al., 2002).
These values are not intended to indicate hard thresholds in ecosystem response, which likely do
not exist.

3.3.3.2 Sediment Generation and Transport

The processes that govern the production, storage, and transport of sediment play a significant
role in shaping the morphology and functioning of freshwater ecosystems. Sediment is delivered
to channels via overland flow, mass wasting (e.g., landslides, lahars), and channel migration
(e.g., eroding the outside of a meander bend) (Stanley et al., 2005). The relative importance of
sediment generation and transport pathways is typically a result of the interaction between
climate and physical features of the landscape.

The movement of sediment into, through, and out of the freshwater shoreline ecosystem
influences the form and functions of shorelines of Pierce County, including: (1) shoreline
morphology, (2) hydrologic and hydraulic characteristics, (3) ability of surface and groundwater
to interact, and (4) type and extent of aquatic habitat.

Sediment Important Areas

Important areas for sediment delivery and transport processes include: (1) glacier-fed streams,
(2) landslide-prone areas, (3) steep slopes with erodible soils, (4) areas directly influenced by
volcanic processes, and (5) alluvial river valleys (Map 15). Sediment important areas were
relatively limited in scope and were focused in the upper portions of the watershed, and along
major river channels.

The glaciers that feed each of the major rivers exert significant influence on sediment dynamics
in the County. Glacial movement and freeze-melt cycles result in significant erosion and
generation of coarse and fine sediments on the slopes of Mount Rainier. The seasonal snowmelt
and melting of the glacier margins also provide the fluvial energy necessary to transport
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sediments downstream toward the mainstems. The presence of Mount Rainier at the head of the
mainstem Puyallup and the White and Carbon rivers plays a significant role in the generation of
sediment within the Puyallup River watershed. The steep, glaciated hillsides generate significant
coarse and fine sediment that is available for downstream transport (Kerwin, 1999). The
Puyallup River transports significant sediment to Commencement Bay from glacial sources and
yields an estimated 300,000 cubic yards of sediment per year (USGS, 1990). This sediment is
primarily sand and finer material at the mouth of the Puyallup River (USGS, 1990).

Lahars from Mount Rainier can also generate significant sediment volumes to the lower alluvial
valleys. The USGS has investigated the potential impacts of a significant lahar (mudflow) from
Mount Rainier on the major river valleys that drain the mountain. This work suggests that these
portions of the County could be influenced by future lahars, since they are within the area
historically directly influenced by lahars (e.g., the Osceola and Electron mudflows). The area
that is mapped as having the highest frequency of lahars is generally within the National Park.
However, significant populations (e.g., Orting) are within the area that could be influenced by
lahars with 500 to 1,000 year recurrence intervals. In lower reaches of the White and Puyallup
rivers, sedimentation within the stream channels could significantly change flow patterns,
increase flooding, and change channel alignments (Hoblitt et al., 1998).

Channel migration in rivers is another important source of sediment within Pierce County
(GeoEngineers, 2003). As channels naturally migrate within the alluvial valley, erosion provides
sediment to the channel. Channel Migration Zones (CMZs) occur along channels throughout the
County, and have been mapped within the alluvial valleys of the Puyallup, Carbon and South
Prairie, and Nisqually rivers (Map 15).

Alterations to Sediment Processes in Pierce County

Alterations to sediment generation and transport processes have occurred throughout the Pierce
County landscape, resulting in additional sediment loading from areas that had historically
produced much smaller quantities of sediment. Land uses throughout the County, including
timber harvesting and associated road construction, have generally accelerated production of
coarse and fine sediment throughout the watershed. The removal of forest cover increases
production of fine sediment as runoff volumes and peak flows are increased. Increased flows
increase in-channel erosion and channel destabilization. Further, removal of fine-root biomass
increases the potential for mass-wasting, which can deliver coarse and fine sediments to stream
channels (Kerwin, 1999). Increases in fine sediment loading can adversely impact aquatic
habitat by filling in the interstitial spaces of channel bed gravels and reducing the exchange of
water and oxygen between stream flow and the channel bed. Fine sediment can also act as a
transport vector for nutrients, metals, and other pollutants.

In-channel sediment dynamics of the Lower Puyallup River have been influenced by mining and
river dredging activities. As part of Inter-County River Improvements and private-party mining
operations, channel sediments were removed from the Lower Puyallup River until the 1980s.
This approach maintained channel capacity. In-channel gravel mining has not occurred since
1997 (GeoEngineers, 2003).
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Alterations to sediment generation and transport processes were spatially estimated using roads
intersecting streams, and road density at sub-basin scale (Map 16). These parameters are a very
coarse estimate of sediment generation, and will not always be correlated to increased sediment
loading. Sediment loading processes from forest roads in the upper watershed are going to be
different from processes in urban areas. Past work indicates that localized conditions at the road-
to-stream interface can be the controlling factor in sediment production (Luce and Black, 1999).
These localized conditions are not possible to consider at the County or sub-basin scale.

Methods for Ranking Alterations to Sediment Processes by Sub-basin

The number of road crossings per mile of stream by sub-basin is shown in Figure 3-2. As stated
above, the number of roads intersecting each mile of stream and the road density per square mile
provide a coarse estimate of sediment generation. These two parameters were therefore used to
derive the relative ranking of sediment processes for each sub-basin. As shown in Table 3-4, if
these parameters were within a specific range, the sub-basin was assigned a high, medium, or
low ranking for level of alteration. For example, a sub-basin with less than one road crossing per
stream mile and less than 56 miles of road per square mile is considered to be in the low range
for alteration to sediment processes.

Number of subbasins
[EnY
o

0-0.5 0.5-1 1-1.5 15-2 2-2.5 2.5-3 3-3.5 3.54 >4

Number of road crossings per mile of stream, by subbasin

Figure 3-2. Road crossings per mile of stream, by sub-basin.
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Table 3-4. Parameters and ranges for assessment of alterations to ecosystem
functioning for sediment processes

Parameter(s)

Low Range

Medium Range

High Range

Road crossings
per mile of stream

<1 crossing/mile
AND

<1 crossing/mile
OR

>1 crossing/mile
AND

Road Density

<56 mile
road/square mile

<56 mile
road/square mile

>56 mile
road/square mile

3.3.3.3 Water Quality

The quality of the water flowing through aquatic systems of Pierce County is the end result of
the interaction of water with biota, soils, urban and rural land uses, and infrastructure.
Ecosystem processes that impact the source, concentration, and transport of mineral and organic
constituents are: biotic uptake (e.g., plant growth), decomposition (e.g., plant death), adsorption
(e.g., chemical binding), and dissolution (e.g., chemical unbinding). In general, elements cycle
between dissolved and particulate forms in water to plants, animals, and soils; and back to the
water column via decomposition.

Processes that influence water quality occur over a variety of scales. As water moves through an
ecosystem, it has the opportunity to cycle (deposit, uptake, entrain, and/or transport) mineral and
organic constituents that can affect water quality. The longer water is able to contact soil and
vegetation, the more cycling can occur. Longer water contact times typically occur in low
gradient areas in the landscape such as riverine and depressional wetland systems. Water contact
time is shorter in areas where rivers have been channelized, and the floodplain filled and paved.

Water Quality Important Areas

Water quality important areas are shown on Map 17, and include streams, floodplains, lakes,
wetlands, and riparian areas. These areas provide the longest water contact time and are therefore
considered important areas for water quality in Pierce County.

Alterations to Water Quality Processes in Pierce County

Alterations to water quality processes have occurred throughout Pierce County. These
alterations span a range of activities, and include point sources (e.g., focused discharge from a
wastewater treatment plant), and non-point sources (e.g., diffuse discharge from fields).

Within urban areas of the County, water quality processes have been altered by the installation of
impervious surfaces and stormwater conveyance infrastructure, which can bypass natural
hydrologic pathways that include infiltration and percolation through soils. Constituents that can
negatively impact water quality (e.g., metals, oils and grease, nutrients, bacteria) can build up on
impervious surfaces, to be washed off during storm events.
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A series of wastewater treatment plants discharge to the Puyallup River. These discharges have
the potential to degrade water quality, particularly during the low flow period at the end of
summer and early fall. Water quality within the Puyallup has, at times, not met state water
quality standards for ammonia and biochemical oxygen demand (BOD), necessitating the
development of a Total Maximum Daily Load (TMDL) (Pelletier, 1994).

Water quality can also be significantly modified by agricultural land uses. The use of fertilizers
and pasturing of animals can both result in excess nutrient and pathogen loading to water bodies.
The removal of streamside vegetation and installation of above-ground stormwater ponds can
increase water temperatures. Water temperature is a key parameter in the level of dissolved
oxygen in flowing water, and in bacteria populations and loading.

To broadly assess alterations to water quality ecosystem processes, land uses (e.g., urban and
agriculture) from the NOAA CCAP data are mapped, along with Category 5 listings on
Ecology’s 303(d) list (Map 18). These listings indicate that water quality within a specific water
body does not meet one or more specific state water quality standards. Listing a water body as
Category 5 on the 303(d) list means that a clean up plan, including a TMDL, must be developed
to identify current sources, limit future sources, and ultimately bring the water body into
compliance with water quality standards. Other data are mapped, but were not believed to be
representative of existing conditions, and were not used in the assessment. Please note that this
mapping does not include the 303(d) sediment listings in the Upper White River watershed.

Methods for Ranking Alterations to Water Quality Processes by Sub-basin

As stated above, the Category 5 listings provide an indication of water quality within sub-basins.
Therefore this parameter was used, along with the proportion of land within the sub-basin
assumed to be on septic systems, to derive the relative ranking of water quality processes for
each sub-basin. Given the uncertainties in the septic system dataset, this parameter was set up as
a ‘yes’ or ‘no’ question, with the percentage set at 10 percent. This results in approximately one-
third of the sub-basins with significant areas being served by septic systems. As shown in Table
3-5, if these parameters were within a specific range, the sub-basin was assigned a high, medium,
or low ranking. For example, a sub-basin with no water bodies on the Category 5 list and less
than 10% of the land area assumed to be on septic is considered in the low range for alterations
to water quality processes.

Table 3-5. Parameters and ranges for assessment of alteration to ecosystem functioning
for water quality processes

Parameter(s) Low Range Medium Range High Range
Includes reach within Not listed on Not listed on Listed on 303(d)
Category 5 of the 303(d) list 303(d) list 303(d) list list

AND OR AND
% land with assumed on-site | <10% area has <10% area has >10% area has
septic system septic system septic system septic system
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3.3.3.4 Organic Materials

Large wood or LWD significantly influences the geomorphic form and ecological functioning of
riverine ecosystems in the Pacific Northwest (Maser et al., 1988; Nakamura and Swanson, 1993;
Collins and Montgomery, 2002; Abbe and Montgomery, 1996; Collins et al., 2002; Montgomery
and Bolton et al., 2003; Montgomery and Masson et al., 2003). LWD consists of logs or trees
that have fallen into a river or stream. In a natural system, LWD provides organic material to
aquatic ecosystems and is considered a principal factor in forming stream structure and
associated habitat characteristics (e.g., pools and riffles). Riparian vegetation is the key source
of LWD. LWD is primarily delivered to rivers, streams, or wetlands by mass wasting (landslide
events that carry trees and vegetation as well as sediment), windthrow (trees, branches, or
vegetation blown into a stream or river), or bank erosion (Stanley et al., 2005).

The presence, movement, and storage of LWD influence shoreline functions as follows:

« Delivery of wood and organics affects vegetation and habitat functions such as instream
habitat structure (pools and riffles) and species diversity; and

e Riparian vegetation and LWD provide habitat in the form of nesting, perching, and
roosting as well as thermal protection, nutrients, and sources of food (terrestrial insects)
to a variety of fish and wildlife species.

Investigations into historical conditions in the White River valley and the Nisqually basin areas
indicate that LWD, including riparian forests and in-channel wood, was present as a significant
structural element of the floodplain and delta ecosystem, prior to the major land use changes of
the late 19™ and 20" centuries (Collins and Sheikh, 2005, Collins et al., 2002). Urbanization,
and the construction of levees and revetments, has reduced the density of LWD in river channels
within Pierce County. In areas along established levees, trees are often removed to protect levee
stability and function.

Organic Matter Important Areas

Important areas for organic debris inputs to the shoreline (including LWD) generally include
riparian areas within 150 to 200 feet of stream channels. Channel migration zones (CMZs) and
areas of mass wasting also deliver LWD to streams (Map 19).

Alterations to Organic Matter Processes in Pierce County

Significant land use changes throughout Pierce County have reduced the source and potential
contribution of LWD from the riparian area to the channel. Installation of dams in the upper
watersheds has broken the transport patterns of wood from the upper to lower reaches. Timber
harvesting, agriculture, and development of the alluvial valley have all significantly reduced the
abundance and source of LWD as compared to historic conditions.

Construction of levees and other shoreline modifications have limited the availability of riparian
cover and LWD recruitment potential. Further, levee maintenance typically results in the
removal of trees to protect the structural stability of the levee structure. Dams alter the delivery
patterns of LWD to downstream reaches.
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To assess the degree of alteration for organic materials ecosystem processes, NOAA CCAP data
were used to calculate the percentage of each sub-basin that is currently in any sort of forest land
(e.g., deciduous, evergreen, wetland forest, scrub-shrub). This should include managed forest
land where the forest will be harvested periodically. The results from this analysis are shown in
Figure 3-3.

The results are distributed from 11% in the Chambers Creek — Leach Creek sub-basin to nearly
100% in sub-basins within Mount Rainier National Park. The majority (37 of 72) of sub-basins
had greater than 90% forest. A similar pattern to the previous analyses is shown here, with
relatively less forest cover in the vicinity of Tacoma and the Lower Puyallup valley than in the
upper portions of the County, and west of the Sound. Several sub-basins were not included in
this grouping, as reaches used for the analysis spanned several sub-basins.

40

35 | -

30

25

20 | -

15 | -

Number of Subbasins

10

' le__mmnml

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percent Forest Cover in 10 percent bins

Figure 3-3. Percent forest within sub-basin, based on CCAP
data presented in 10% bins.

Methods for Ranking Alterations to Organic Material Processes by Sub-basin

As stated above, the percent of a sub-basin within forest land provides an indicator of organic
material availability. Therefore this parameter was used to derive the relative ranking of
alterations to organic material processes for each sub-basin. As shown in Table 3-6, if this
parameter was within a specific range, the sub-basin was assigned a high, medium, or low
ranking. This analysis has considerable uncertainty, and, similar to the other analyses, is
completely dependant on the CCAP data set. Given this uncertainty, the relative scoring was
made to capture only broad differences between sub-basins.

June 2009 Page 3-47



Pierce County Shoreline Inventory and Characterization Report

Table 3-6. Parameters and ranges for assessment of alterations to ecosystem
functioning for organic material processes

Parameter(s) Low Range Medium Range High Range
% forest in sub- >90% Forest 50 to 90% Forest <50% Forest
basin

3.3.3.5 Summary of Ecosystem Processes by Sub-basin

Table 3-7 provides the tabular data for the parameters discussed above, for each sub-basin in
Pierce County. This detailed information will be used to provide an overall assessment of the
level of alteration to ecosystem processes in Section 3.3.4.
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Table 3-7. Summary of Parameters by sub-basin

WRIA Total Area | Total Iengt_h of % Forest % Impervious Road densit_y (R_oad Number_ Road Numbe_r Road crossings/ 30_3(d) % with assumed
(acres) stream (miles) Surface Length/Basin Size) crossings mile of stream List? on-site septic
Boise Creek-White River 10 11,176 90 94.52 1.29 3.15 70 1 yes 0
Clarks Creek 10 6,898 30 19.41 28.82 10.55 95 3 yes 32
Clearwater River 10 24,386 150 99.05 0.57 2.80 246 2 yes 0
Fennel Creek-Puyallup River 10 17,264 54 42.79 15.16 5.60 89 2 19
Fiske Creek-Puyallup River 10 17,785 88 74.16 5.34 4.49 103 1 yes 17
Headwaters Puyallup River 10 30,747 382 99.04 0.49 2.66 686 2 0
Headwaters White River 10 39,386 168 99.15 0.32 0.55 26 0 0
Huckleberry Creek 10 23,961 80 99.66 0.28 1.38 29 0 0
Hylebos Creek-Frontal Commencement Bay | 10 13,845 46 13.77 39.45 8.94 132 3 yes 4
Kapowsin Creek 10 18,005 123 91.08 1.80 4.38 210 2 8
Kings Creek-Puyallup River 10 22,833 244 98.74 0.67 3.41 372 2 yes 0
Lower Carbon River 10 18,278 78 87.37 2.69 4.86 80 1 7
Lower Greenwater River 10 14,378 82 98.69 0.93 4.93 131 2 yes 0
Lower West Fork White River 10 21,355 89 99.11 0.83 3.93 144 2 0
Middle Carbon River 10 23,558 246 99.74 0.27 2.26 286 1 yes 1
Miller Creek-Frontal East Passage 10 1,429 4 27.93 31.75 12.10 4 1 12
Mowich River 10 27,853 256 99.43 0.27 1.47 155 1 0
Puyallup River - Potholes 10 6,669 3 20.33 31.00 7.61 9 3 52
Puyallup Shaw Road Upper 10 6,375 15 18.21 34.28 10.63 28 2 yes 8
Silver Creek-White River 10 32,605 159 98.90 0.63 2.37 165 1 1
South Prairie Creek - Lower 10 8,567 35 97.15 8.53 5.92 61 2 yes 22
South Prairie Creek - Upper 10 31,066 188 60.09 0.68 3.01 187 1 3
Swan Clear Creeks 10 11,880 64 17.50 24.28 10.62 162 3 yes 35
Twin Creek-White River 10 12,381 121 98.53 0.86 4.58 206 2 0
Upper Carbon River 10 24,985 121 99.92 0.05 0.17 11 0 0
Upper Greenwater River 10 16,061 44 99.93 0.03 0.06 1 0 yes 0
Upper West Fork White River 10 20,985 65 99.95 0.03 0.23 3 0 0
Voight Creek 10 21,539 144 96.57 1.02 4,12 254 2 3
White River 10 25,835 124 37.83 14.05 5.48 127 1 yes 19
Wilkeson Creek 10 18,581 140 94.99 1.48 3.92 125 1 5
Alder Reservoir-Nisqually River 11 7,104 64 89.93 1.89 5.13 130 2 10
Beaver Creek 11 6,958 62 99.42 041 3.83 77 1 0
Berg Creek 11 5,747 54 92.99 2.29 4.87 84 2 2
Busy Wild Creek 11 10,204 131 99.13 0.62 5.58 397 3 0
Clear Creek 11 12,886 16 98.19 0.44 6.43 23 1 yes 0
Copper Creek-Nisqually River 11 9,370 109 98.77 0.71 3.04 136 1 3
Headwaters Nisqually River 11 10,093 83 99.38 0.28 1.23 12 0 0
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WRIA Total Area | Total Iengt_h of % Eorest % Impervious Road densit_y (R_oad Number_ Road Number Road crossings/ 3Q3(d) % With assum_ed
(acres) stream (miles) Surface Length/Basin Size) crossings mile of stream List? on-site septic

Horn Creek-Nisqually River 11 9,434 46 87.63 1.78 5.62 60 1 yes 18
Kautz Creek 11 8,598 54 99.97 0.02 0.07 5 0 0
Lacamas Creek 11 10,741 44 63.06 1.53 4.03 73 2 22
Little Mashel River 11 15,426 122 97.41 0.48 4.04 167 1 6
Lynch Creek 11 4,848 61 99.01 0.86 4.89 126 2 0
Mashel River - Lower 11 9,836 80 93.39 2.65 6.54 186 2 4
Mashel River - Upper 11 11,985 185 98.73 1.01 5.31 501 3 yes 0
Murray Creek-Nisqually River 11 15,555 82 65.45 2.43 3.98 77 1 22
Nisqually River-Frontal Puget Sound - upper | 11 11,443 27 80.12 7.57 6.20 3 0 1
Nisqually River-Frontal Puget Sound lower 11 7,562 23 76.92 8.61 9.14 27 1 yes
Ohop Creek 11 10,530 60 77.58 2.03 5.55 78 1 yes 14
Powell Creek-Nisqually River 11 9,107 54 80.86 1.65 5.24 60 1 11
Reese Creek-Nisqually River 11 12,767 121 98.06 0.79 4.63 153 1 9
Tahoma Creek 11 9,951 109 99.83 0.10 0.49 41 0 0
Tanwax Creek - lower 11 7,039 22 95.96 0.88 6.29 37 2 1
Tanwax Creek - upper 11 10,979 65 76.95 2.31 5.43 113 2 24
Twentyfive Mile Creek 11 6,214 56 98.11 0.77 4.20 91 2
Chambers Creek - Leach Creek 12 16,449 21 11.41 43.43 16.14 70 3 yes 0
City of Tacoma-Frontal Commencement Bay | 12 14,715 19 11.97 46.30 20.04 100 5 yes 0
Clover Creek - Lower 12 10,645 18 14.15 41.03 14.41 72 4 yes 2
Clover Creek - North Fork 12 4,908 23 19.56 24.09 9.39 56 2 yes 38
Clover Creek - Upper 12 19,454 40 29.69 21.92 6.10 96 2 yes 38
Muck Creek - Lower 12 13,998 26 85.84 1.61 5.67 35 1 3
Muck Creek - Upper 12 13,009 31 50.57 9.17 4.40 56 2 31
South Creek - Lower 12 13,389 81 55.23 3.84 4.80 120 1 33
South Creek - Upper 12 9,809 70 51.65 4.97 4.17 123 2 37
Spanaway Creek 12 13,964 16 50.73 14.70 6.35 40 2 yes 26
Anderson Island 15 12,622 35 78.76 3.51 7.16 102 3 yes 23
Burley Creek-Frontal Carr Inlet 15 18,609 46 67.67 9.99 6.83 130 3 49
Curley Creek-Frontal Colvos Passage 15 9,244 11 66.26 12.43 7.72 35 3 yes 34
Key Peninsula-Frontal Carr Inlet 15 17,477 70 92.79 3.98 6.23 165 2 yes 33
Key Peninsula-Frontal Case Inlet 15 20,473 82 84.15 1.90 5.70 158 2 yes 25
Sequalitchew Creek-Frontal Cormorant
Passage 15 26,148 23 53.70 15.76 11.50 52 2 yes
Muddy Fork Cowlitz River 26 11,704 80 100.00 0.00 0.00 0 0
Ohanapecosh River 26 28,510 94 99.46 0.27 0.27 11 0 0

*NA indicates that sub-basin-wide percent forest cover was used for the ranking
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3.3.4 Assessment of Freshwater Ecosystem Shoreline Conditions

The ecosystem processes that occur within the freshwater shorelines of Pierce County are all
sensitive to alteration. Variation in process controls (e.g., climate fluctuations), the
interdependency between each process, and the limited resolution of County-wide data sets make
it challenging to assess overall levels of alteration. However, it is important to understand, at
least in a relative sense, the level of alteration to the system. It is this understanding that allows
for the formulation of management techniques that will preserve, protect, and restore freshwater
ecosystem processes within Pierce County.

To provide a first-order assessment of the level of alteration to the freshwater ecosystems within
Pierce County, the information in the previous section on the processes within each basin
(hydrology, sediment, etc.) was used to provide a high, medium, or low ranking for the level of
alteration within each sub-basin (Tables 3-8 to 3-12). In this section, a “high” ranking indicates
that ecological functions are highly altered (i.e., a high level of alteration to processes). A “low”
ranking indicates less altered processes and a high level of ecosystem function.

Using these relationships to develop relative rankings is a coarse method for assessing ecosystem
function for Pierce County at the sub-basin scale. The quality of the analysis is limited by the
type and quality of the spatial data, and is complicated by the interdependencies between each
process group. Best professional judgment is used for the water quality and organics processes
because limited data are available for this assessment.

Table 3-8. WRIA 10 Summary table listing overall assessment of alteration for each
group of ecosystem processes

Sediment Oraanic
Sub-basin Hydrology Generation Water Quality gan
Material
and Transport
Boise Creek-White
River low low medium low
Clarks Creek high high high high
Clearwater River medium medium medium low
Fennel Creek-
Puyallup River high medium medium high
Fiske Creek-
Puyallup River medium medium high medium
Headwaters
Puyallup River medium medium low low
Headwaters White
River low low low low
Huckleberry Creek low low low low
Hylebos Creek-
Frontal
Commencement
Bay high high medium high
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_ Sedime_nt _ Organic
Sub-basin Hydrology Generation Water Quality .
Material
and Transport
Kapowsin Creek medium medium low low
Kings Creek-
Puyallup River medium medium medium low
Lower Carbon River | medium medium low medium
Lower Greenwater
River medium medium medium low
Lower West Fork
White River medium medium low low
Middle Carbon
River medium medium medium low
Miller Creek-Frontal
East Passage medium medium medium high
Mowich River low low low low
Puyallup River -
Potholes high high medium high
Puyallup Shaw
Road Upper high high medium high
Silver Creek-White
River medium medium low low
South Prairie Creek
- Lower medium medium high low
South Prairie Creek
- Upper medium low low medium
Swan Clear Creeks | high high high high
Twin Creek-White
River medium medium low low
Upper Carbon River | low low low low
Upper Greenwater
River low low medium low
Upper West Fork
White River low low low low
Voight Creek medium medium low low
White River high medium high high
Wilkeson Creek low low low low
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Table 3-9. WRIA 11 Summary table listing overall assessment of alteration for each
group of ecosystem processes

. Sedime_nt : Organic
Sub-basin Hydrology Generation Water Quality il
and Transport MESTELE
Alder Reservoir-
Nisqually River medium medium medium medium
Beaver Creek medium medium low low
Berg Creek medium medium low low
Busy Wild Creek medium medium low low
Clear Creek medium medium medium low
Copper Creek-
Nisqually River medium medium low low
Headwaters
Nisqually River low low low low
Horn Creek-
Nisqually River medium medium high medium
Kautz Creek low low low low
Lacamas Creek medium medium medium medium
Little Mashel River medium medium low low
Lynch Creek medium medium low low
Mashel River -
Lower medium medium low low
Mashel River -
Upper medium medium medium low
Murray Creek-
Nisqually River low low medium medium
Nisqually River-
Frontal Puget Sound
- upper medium low low medium
Nisqually River-
Frontal Puget Sound
lower medium high medium medium
Ohop Creek medium medium high medium
Powell Creek-
Nisqually River medium medium medium medium
Reese Creek-
Nisqually River medium medium low low
Tahoma Creek low low low low
Tanwax Creek -
lower medium medium low low
Tanwax Creek -
upper medium medium medium medium
Twentyfive Mile
Creek medium medium low low
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Table 3-10. WRIA 12 Summary table listing overall assessment of alteration for each
group of ecosystem processes

Sediment
. Generation Water Organic
SIS el and Quality Matgerials
Transport
Chambers Creek -
Leach Creek high high medium high
City of Tacoma-
Frontal
Commencement Bay high high medium high
Clover Creek - Lower | high high medium high
Clover Creek - North
Fork high high high high
Clover Creek - Upper | high medium high high
Muck Creek - Lower medium medium low medium
Muck Creek - Upper high medium medium medium
South Creek - Lower medium medium medium medium
South Creek - Upper high medium medium medium
Spanaway Creek high medium high medium

Table 3-11. WRIA 15 Summary table listing overall assessment of alteration for each
group of ecosystem processes

Sediment
: Generation Water Organic
SleAoEE Ayl eey and Quiality Matgerials
Transport
Anderson Island medium high high medium
Burley Creek-Frontal
Carr Inlet medium medium medium medium
Curley Creek-Frontal
Colvos Passage medium high high medium
Key Peninsula-Frontal
Carr Inlet medium medium high low
Key Peninsula-Frontal
Case Inlet medium medium high medium
Sequalitchew Creek-
Frontal Cormorant
Passage high high medium medium
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Table 3-12. WRIA 26 Summary table listing overall assessment of alteration for each
group of ecosystem processes

Sediment
. Generation Water Organic
STZHIEE ARG and Quality Materials
Transport
Muddy Fork Cowlitz
River low low low low
Ohanapecosh River low low low low
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CHAPTER 4 PUYALLUP/WHITE RIVER SHORELINE PLANNING
AREA (WRIA 10)

4.1 Water Bodies in the Puyallup/White River Shoreline Planning Area

This chapter provides inventory information for the waterbodies in the Puyallup/White River
shoreline planning area that meet the jurisdiction of shoreline of the state or shoreline of
statewide significance. In total there is one marine shoreline, two rivers, and one freshwater lake
considered shorelines of statewide significance. There are 46 streams and 7 lakes meeting the
definition of shorelines of the state.

Inventory information in this chapter is presented by waterbody and described at both the
waterbody and the reach scale levels for shorelines in the Puyallup/White River shoreline
planning area (WRIA 10). Maps illustrating the GIS information available by WRIA and the
extent of shoreline reaches are provided in Appendix A. Map 20 illustrates the shoreline
inventory areas countywide. Marine shoreline reaches (Map 21) and freshwater reaches (Maps
22 and 23) are shown on additional GIS figures. GIS data sources used are listed in Appendix
B. Shoreline reaches within each waterbody type have been established based upon methods
outlined in Chapter 2. Data by reach is summarized in tables found in Appendix C. GIS
mapping and data available at Pierce County provide for reach-scale maps in WRIA 10. An
analysis of shoreline functions for freshwater rivers is provided in Appendix D.

For ease of reference, this chapter describes these water bodies in alphabetical order, as shown in
the numbered list below. Following the alphabetical list, Table 4-1 shows the freshwater bodies
organized by drainage basin. The drainage basin table provides a cross reference to where each
freshwater body is discussed in the chapter text.

4.1.1 Alphabetical Listing of Water Bodies

Marine Shorelines of Statewide Significance —

Mainland Marine — Dash Point/Browns Point (seaward of extreme low tide)
Freshwater Shorelines of Statewide Significance —

1. Puyallup River - (downstream from the point where mean annual flow = 1,000 cfs;
upstream is a shoreline of the state)

2. White River - (downstream from the point where mean annual flow = 1,000 cfs; upstream
is a shoreline of the state)

3. Lake Tapps - (2,433 acres)

Rivers, Shorelines of the State —

1. Bear Creek

2. Canyon Creek Two
3. Carbon River

4. Cayada Creek
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Lakes,

1.
2.

Chenuis Creek

Clarks Creek

Clearwater River

Deer Creek

East Fork South Prairie Creek

. Eleanor Creek

. Evans Creek

. Fennel Creek

. Gale Creek

. George Creek

. Goat Creek

. Greenwater River

. Huckleberry Creek

. Hylebos Creek

. Kapowsin Creek

. Kings Creek

. Lost Creek — Greenwater

. Lost Creek - Huckleberry

. Maggie Creek

. Meadow Creek

. Milky Creek

. Mowich River

. Unnamed Tributary, Mowich River
. Neisson Creek

. North Puyallup River

. South Puyallup River

. Unnamed Tributary, Puyallup River
. Ohop Creek

. Page Creek

. Pinochle Creek

. Rushingwater Creek

. Saint Andrews Creek

. Silver Creek

. South Prairie Creek

. S. Fork South Prairie Creek
. E. Fork South Prairie Creek
. Tolmie Creek

. Twentyeight Mile Creek

. Viola Creek

. Voight Creek

. West Fork White River

. Wilkeson Creek

Shorelines of the State —

Echo Lake
Kapowsin Lake
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Leaky Lake
Morgan Lake
Printz Basin

No ok ow

Rhode Lake

4.1.2

Mud Mountain Lake

Listing of Freshwater Bodies by Drainage Basin

Table 4-1 lists the freshwater bodies within shoreline jurisdiction by drainage basin. The first
column lists the basin name, the second column the main stream (river) in that basin. The third
column lists the tributaries that flow into the river (e.g., Fennel Creek is a tributary of the
Puyallup River). The last column lists any small streams or lakes that drain to the tributaries
(e.g., Rhodes Lake drains to Fennel Creek).

Table 4-1. WRIA 10 Freshwater Bodies by Drainage Basin

Basin

Main Stream

Tributaries to Main
Stream

Smaller

Streams/Lakes

Feeding into
Tributaries

Hylebos Creek Basin

Hylebos Creek

Clear/Clarks Creek Basin

Clarks Creek

Mid Puyallup River Basin

Mid Puyallup River

Fennel Creek

Rhodes Lake

White River

Carbon River

Upper Puyallup River Basin

Upper Puyallup
River

Kapowsin Creek

Kapowsin Lake

Ohop Creek

Morgan Lake

Kings Creek

Unnamed Tributary

Neisson Creek

Mowich River

Rushingwater Creek
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Basin Main Stream Tributaries to Main Smaller
Stream Streams/Lakes
Feeding into
Tributaries

Meadow Creek

Deer Creek

North Puyallup River

South Puyallup River Saint Andrews Creek

Unnamed Tributary

Lower White River Basin

White River Lake Tapps Printz Basin
Leaky Lake
Mud Mountain Basin
White River
Upper White River Basin
White River Mud Mountain Lake

Canyon Creek Two

Clearwater River Milky Creek

West Fork White River | Pinochle Creek

Viola Creek
Huckleberry Creek Eleanor Creek
Lost Creek
Silver Creek Goat Creek
Greenwater River Twenty-eight Mile Creek

George Creek

Lost Creek

Maggie Creek

Echo Lake

South Prairie Creek Basin

South Prairie Creek | Wilkeson Creek Gale Creek

Page Creek
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Basin Main Stream Tributaries to Main Smaller
Stream Streams/Lakes
Feeding into
Tributaries

East Fork South
Prairie Creek

South Fork South
Prairie Creek

Lower Carbon River Basin

Carbon River Voight Creek Bear Creek

Upper Carbon River Basin

Carbon River South Prairie Creek

Evans Creek

Tolmie Creek

Chenuis Creek

Cayada Creek

4.2 Marine Shorelines of Statewide Significance

421 Dash Point / Browns Point

Marine shoreline areas in the Dash Point/Browns Point area are identified as shorelines of
statewide significance only below the extreme low tide line. While intertidal areas and adjacent
uplands within SMA jurisdiction are not shorelines of statewide significance, all shoreline areas
in Dash Point/Browns Point are discussed together here.

4.2.1.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Dash Point and Browns Point are headlands in Puget Sound, which form the northeastern side of
Commencement Bay in the City of Tacoma (Map 21). This area lies west of Federal Way and
north and west of the City of Tacoma. These headlands lie in drainage basins where water flows
from uphill areas to the marine, nearshore environment. The Dash Point and Browns Point
drains either directly to Commencement Bay or north to Caledonia Creek. The Dash
Point/Browns Point marine shoreline is mapped as 3.21 miles long.
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There are no mapped wetlands in the Dash Point/Browns Point area of the County’s marine
shoreline planning area. Most of the estuarine habitat provided in the marine shoreline is un-
vegetated mudflat, sandy beach or rocky shore, which are not considered wetlands by definition.

Beach, Backshore and Drift Cells

The Dash Point marine management area extends from the Pierce/King County border, located
just under a mile east of Dash Point, south around Browns Point to northwest of the Hylebos
Waterway, the northernmost finger of Commencement Bay.

The character of the Dash Point marine management area is generally comprised of a mix of
low-moderate bank shores with mixed sand and gravel beaches, with some higher bluff areas
located just south of Dash Point and southeast of Browns Point near the southern end of the
management area. The Caledonia Creek estuary delivers fluvially-derived sediment to the
nearshore, enabling broader intertidal and backshore areas to form on the adjacent shores. DNR
classifies these shores as semi-protected (DNR 2001a), with relatively low (on the order of 7
miles) exposure to both the north and south. Four drift cells are located within the management
area (see table below). Two cells converge and form the prograding cuspate foreland at Dash
Point, and another two cells converge at Browns Point. Littoral sediment from down-drift bluffs
feed and sustain these accretion shoreforms and the numerous habitats found therein.

Table 4-2. Feeder Bluff Data for Browns Point (Pentec 2003)

Sl [N Feeder Bluffs # Drift Cells Drift Cell Names
Name
Browns Point ?_;T;‘Oated from SZ data 4 PI-1-3, PI-1-2, PI-1-4, PI-1-1

Critical or Priority Habitat and Species Use

Several species listed under the ESA are known to occur or could potentially occur within the
marine nearshore areas of Commencement Bay and Puget Sound in the Browns Point/Dash Point
area. Federally listed species that have been documented within the shoreline jurisdiction
include Puget Sound Evolutionarily Significant Unit (ESU) Chinook salmon and Coastal/Puget
Sound Distinct Population Segment (DPS) bull trout. In August of 2005, NOAA Fisheries
designated “critical habitat” for Puget Sound ESU Chinook salmon including the entire reaches
of Puyallup River and Hylebos Creek as well as the marine nearshore areas (NOAA Fisheries,
2005a). In September of 2005, the U.S. Fish and Wildlife Service designated “critical habitat”
for the Coastal/Puget Sound bull trout. The entire lengths of the Puyallup River and the marine
shoreline were designated as critical habitat for bull trout (Federal Register, Vol. 69, No. 122).

The Southern Resident Population killer whale and Steller sea lion also have the potential to
occur within this marine area. Killer whales have been periodically sighted in the
Commencement Bay area. Critical habitat has been proposed for killer whale (orca), which
includes all Puget Sound marine waters deeper than 20 feet or 6.1 meters (Federal Register,
2006b). No critical habitat for Steller sea lion has been designated in the Puget Sound.
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In 2006, NOAA Fisheries also proposed federal listing of the Puget Sound ESU steelhead.
Steelhead occur along the shoreline in the vicinity of Commencement Bay. A final decision
regarding the listing of Puget Sound ESU steelhead is expected in 2007.

Bald eagle, although known to be present in the vicinity of Dash Point State Park, has been de-
listed by the federal government. Bald eagle and eagle nests continue to be protected under
Washington state law.

Priority habitats and species within the Browns Point/Dash Point area include designated Urban
Natural Open Space, Chinook salmon, chum salmon, pink salmon, sockeye, steelhead, bald
eagle, purple martin, and harbor seal/California sea lion haulouts. Patchy eelgrass (see Map 24)
is found along the intertidal areas, along with habitat for forage fish such as sand lance and smelt
(GeoEngineers 2004).

Shellfish

Documented shellfish resources in WRIA 10 include Dungeness crab, prevalent throughout
Commencement Bay, and geoduck clams, documented to the north of Browns Point (WDFW
Marine Resource Species, 2006). Washington Department of Natural Resources’ Nearshore
Habitat Program has been monitoring intertidal biological communities in south and central
Puget Sound since 1997, and has sampled three sites near Browns Point as part of its overall
effort (DNR, 2002). Shellfish discovered include macoma clams, clams (Protothaca staminea),
butter clams (Saxidomus giganteus), gaper clams (Tresus capax), soft shell clams (Mya
arenaria), rock oysters (Pododesmus cepio), blue mussels (Mytilus trossulus), black-clawed crab
(Lophopanopeus bellus bellus), green shore crab (Hemigrapsus oregonensis), hermit crab
(Pagurus spp.), chiton (Mopalia lignose and Tonicella lineate), and numerous gastropods.

Commencement Bay is part of WDFW’s Marine Catch Area (MCA) 11, which includes the
waters north of the Tacoma Narrows Bridge and south of a line that extends from Point
Southward to Brace Point. The recreational harvest of Dungeness crab in MCA 11 was 54,575
pounds during the 2004-2005 season and 37,465 pounds during the 2005-2006 season (Cain,
personal communication, 2006, as cited in Adolfson, 2006a). Commercial and recreational
shellfish growing areas are based upon data from WDOH for 2007 (Map 25).

WDOH has closed Commencement Bay — encompassing all marine shorelines of WRIA 10,
from north of Dash Point to Ruston — to shellfish harvesting due to a combination of marine
biotoxins and pollution. The closure includes all of Commencement Bay and extends slightly
westward of the Bay’s waters. WDOH conducts an ongoing assessment of pollution and
conditions related to shellfish harvesting. The update in March 2006 maintained the closure of
Commencement Bay to shellfish harvesting (DOH, 2007).

4.2.1.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Land use near the Dash Point/Browns Point shoreline area is dominated by moderate density
single family residential (Residential 4 to R6), with all buildable parcels developed with primary
residential structures and associated outbuildings (garages and beach front structures). Existing
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land use patterns (Map 26) and future land uses (Map 27) are illustrated on countywide GIS
maps in Appendix A.

Shoreline Modifications

Shoreline modifications associated with residential and parkland uses are prevalent in the Dash
Point/Browns Point shoreline area (see table below). Analysis of 2006 aerial photography shows
that the majority of residences have concrete bulkheads along the marine shore. Many of the
residential parcels have developed the area immediately landward of their respective bulkheads
with accessory structures and garages. Residential homes on pilings are also found on the beach.
Docks and abandoned pilings are present.

Table 4-3. Shoreline Modification Data for Browns Point (Pentec 2003).

. . Shorezone Modifications Modifications
SMP Reach Riparian MOD% MHW MSL
. estimate from SZ
Browns Point data ~12% 80% No data No data

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The current Shoreline Environment Designation of the Dash Point/Browns Point shoreline is
Urban, except Browns Point County Park is designated Shoreline Conservancy Environment
(Map 28). The Pierce County Comprehensive Plan identifies the entire Dash Point/Browns Point
area along the shoreline as a Moderate Density Single Family (MSF) land use designation, with
an implementing zone of MSF. The predominant use allowed in this designation and zone is
single family residential development at a density of 4-6 dwelling units per acre.

Existing and Potential Public Access Areas

There are two parks that provide public access to the Dash Point shoreline: Browns Point
Lighthouse Park and Dash Point Park. Existing amenities at Browns Point Lighthouse Park,
owned and operated by the City of Tacoma, include picnic areas and restroom facilities. Dash
Point Park is also owned and operated by the City of Tacoma, and includes picnic areas and
restroom facilities. Both parks provide beach access, fishing and open space. A fishing pier is
located at Dash Point Park.

Historic and Cultural Resources

Dash Point/Browns Point lies within the reservation lands of the Puyallup Tribe. No cultural
resources are inventoried within the Dash Point/Browns Point area. However seasonal activity,
including gathering of shellfish and use of seasonal camps by the Puyallup Tribe, could have
occurred in the area, and as such there is some potential for the presence of cultural resources.
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There are a series of historical structures within the Dash Point/Browns Point area that are
registered on the National Registry of Historic Places including Browns Point Lighthouse,
Keepers Cottage, a boat house, a pump house, and an oil house. Browns Point Lighthouse was
first constructed in 1887, although the existing structure seen today was built in 1933. The
lighthouse was automated in 1963.

Areas of Special Interest

According to Ecology guidelines, areas of special interest to be inventoried include priority
habitats, eroding shorelines, developing or redeveloping harbors or waterfronts, dredge disposal
sites, and toxic or hazardous waste clean-up sites (WAC 173-26-201(3)(c)(iv)). Priority habitats
are discussed above in Section 4.2.1.1. Eroding shorelines are described in the context of
regulated geological hazard areas above. Other elements are described below.

This shoreline has not been specifically designated by the City of Tacoma as a rapidly
developing harbor or waterfront. The Department of Ecology maintains a statewide GIS
database of facilities with suspected or confirmed contaminants. The database was reviewed to
identify any know sites within 200 feet of the marine shoreline area. No suspected or confirmed
contaminated or hazardous waste sites are identified by Ecology in this reach (Appendix C).

4.2 1.3 Reach Scale Assessment

The marine nearshore of WRIA 10 has one (1) reach including both Dash Point and Browns
Point within unincorporated Pierce County. This reach lies within the urban growth boundary of
the City of Tacoma. The reach name is DP_01 and is 3.21 miles long.

4.2.1.4 Restoration Opportunities

The City of Tacoma is currently identifying nearshore restoration opportunities within
Commencement Bay along with partners, Citizens for Healthy Bay, Tahoma Audubon Society,
Port of Seattle, the Puyallup Tribe, and others. Tacoma has summarized restoration opportunities
for the bay in its recent Draft City of Tacoma Shoreline Restoration Plan (ESA Adolfson,
November 2008). Partnering with the City of Tacoma and other stakeholders will be important
for restoration opportunities within the Browns Point/Dash Point shorelines in Pierce County
jurisdiction.

Restoration in the nearshore marine environment of Commencement Bay has occurred over the
past 15 to 20 years through the remediation efforts under the Commencement Bay Natural
Resource Damage Assessment (CB/NRDA) program. These efforts are part of the
implementation of the Commencement Bay Conceptual Restoration Plan (June 1997), which
details the restoration components outlined in the preferred alternative — the Integrated Approach
— as described in the programmatic Environmental Impact Statement (EIS) prepared for the
Commencement Bay cleanup plan.

Restoration opportunities for Browns Point/Dash Point nearshore shoreline include: 1) remove
intertidal fill, contaminated sediments, creosote contaminated logs, pilings and debris; 2)
bulkhead removal or softening; 3) restoration of stream estuaries; and 4) riparian enhancement to
improve large woody debris (LWD) recruitment and habitat conditions.
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4.3 Freshwater Shorelines of Statewide Significance

4.3.1 Puyallup River

The Puyallup River is a Shoreline of Statewide Significance (Map 22) downstream from the
point where the mean annual flow reaches 1,000 cubic feet per second. Upstream of this point,
the river is a Shoreline of the State; however the entire river length is discussed here.

4.3.1.1 Physical and Biological Characterization
Processes and Channel Modifications

Lower Puyallup River

Major process and channel modifications exist throughout the Upper and Lower Puyallup River
basins (2002 upper, 1998 lower). Broad categories of modification include:

e Land conversion from forest to harvested forest, pasture, or urban;
o Installation of levees and revetments;

e Channel avulsion of the White River into the Puyallup River, potentially doubling flow
and sediment load in the Lower Puyallup (Kerwin, 1999a, King County, 2006);

e Relocation of the main channel, resulting in an approximately 15% reduction in channel
length between the mouth and confluence with the White River (Kerwin, 1999a);

e Historical in-channel sediment removal;

« Installation of the Mud Mountain Dam on the White River in 1942, which changed the
timing and volume of flows;

o Decreasing low flows in the Lower Puyallup over time (Marks et al, 2008); and
o Discharges from wastewater treatment plants (Pelletier, 1994).

The degree of modification generally increases with distance downstream. The mouth of the
Puyallup at Commencement Bay is markedly different than it was 150 years ago. An estimated
97 % of the wetlands and streams that had existed in the Puyallup delta have been filled (Corps,
1980). The Puyallup River flows through a highly modified straight channel through industrial
lands.

The remainder of the Lower Puyallup flows through leveed agricultural and urban lands
upstream of Tacoma to the confluence with the Carbon River at Orting. Installation of levees
has resulted in modified hydrology, water quality, habitat, and organic processes. High flows
that had engaged a broad floodplain through riparian and floodplain forests now are trapped
within a hardened channel cross-section typically dominated by non-native invasive weed
species. In addition, over the past 20 years, there has been a documented trend of decreasing low
flows in the Puyallup (Sumoika 2004).

The lack of connection to the floodplain, coupled with significant coarse sediment loading from
the White and Carbon rivers, has resulted in overall channel aggradation in portions of the Lower
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Puyallup. This process had historically been offset by in-channel gravel removal. Gravel
removal has not been allowed since 1997, so the channel capacity within the levees will be
reduced over time (GeoEngineers, 2003). Floodplain management issues within the Lower
Puyallup valley are currently being investigated by Pierce County as part of the Lower Puyallup
River Flood Protection Investigation.

Upper Puyallup River

Key modifications include:

o Land cover conversion from forest to harvested forest, pasture, or urban land uses;

o Installation of the Mud Mountain Dam on the White River in 1942, which changed the
timing and volume of flows;

o Installation of the Electron Dam on the Puyallup River in 1904, which changed the
timing of flows; and

e Increased demands on groundwater, which have reduced summer low flows within the
Puyallup (Kerwin, 1999a).

Drainage Basin, Tributary Streams and Associated Wetlands

The Puyallup River begins at glaciers (North Mowich, South Mowich, Edmunds, Puyallup, and
Tahoma glaciers) on the west and northwest slopes of Mount Rainier and flows north and west
into Puget Sound at Commencement Bay in Tacoma, Washington. The Puyallup River
watershed comprises 438 square miles. The Puyallup River flows westward for over 54 miles
from Mount Rainier to Commencement Bay (Berger and Williamson 2005). The Puyallup-
White River watershed drains approximately 1,300 river miles (RM) over about 670,000 acres
and receives an average of 65 inches of rainfall per year. The upper portion of the watershed is
located in the Cascades ecoregion and the lower portion of the watershed is in the Puget
Lowlands.

Tributary drainages of the Puyallup River include: the White River; the Carbon River; and South
Prairie Creek. ldentified tributaries of the Puyallup River include: Fennel Creek; Kapowsin
Creek Drainage; Kings Creek; Deer Creek; Neisson Creek; Mowich River Drainage; North
Puyallup River; Saint Andrews Creek; South Puyallup River; and an Unnamed Tributary of the
Puyallup River. The Carbon River enters the Puyallup River northwest of Orting, at RM 10.3,
and the White River enters the Puyallup River along the west side of Sumner at RM 17.8.

Approximately 368 acres of wetland are mapped in the Puyallup River shoreline planning area
downstream of Fox Creek (the lower eight reaches of the river). These wetlands constitute
approximately 8 percent of the shoreline planning area along this lower portion of the river. No
mapped wetlands are present in the shoreline planning area upstream of approximately the Fox
Creek confluence.

Several large wetlands are present in agricultural and forested areas within the floodplain of the
Lower Puyallup River. These wetlands are located along Clear Creek and its tributaries. The
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wetland at the confluence of Squally Creek and Clear Creek is noted as a large, complex wetland
system providing a variety of habitat types (Pierce County, 2006a).

Upstream of the SR 512 crossing, there are scattered riparian wetlands along the river. Several
large wetlands are mapped in portions of the river floodplain, such as near Alderton, Canyonfalls
Creek, Orting, Fiske Creek, and Fox Creek.

Wetland restoration efforts are underway along portions of the Puyallup River in the vicinity of
the shoreline planning areas. For example, the Sha Dadx restoration site is located on the north
side of the river just upstream of the Clear Creek confluence. The Sha Dadx site contains
existing wetlands and a meander section of the former channel of the Puyallup River that was
abandoned when levees were constructed. Planned restoration of this area includes creation of
off-channel habitat for juvenile salmonids (Ridolfi, 2007).

Geologic Hazards

The Puyallup River traverses alpine glacial deposits, lahar deposits, Quaternary alluvium,
landslide deposits, and discrete areas of volcanic rock. Hazards identified along the Puyallup
River include seismic, flood, volcanic, and landslide. Areas with steep slopes and erosion
potential are also identified.

In the lower reaches, the valley floor of the Puyallup River consists of younger alluvium
overlying mudflow deposits from eruptions of Mount Rainier, and the steeply sloping valley
sidewalls expose continental glacial soils. Southeast of Orting, the Puyallup River has exposed
localized areas of intrusive and extrusive igneous rock along the river valley sidewalls below
continental glacial soils. The old glacial outwash channel margin crosses the Puyallup River in
the area of the electron reservoir, east of Kapowsin Lake. Southeast of the old glacial outwash
channel margin, the Puyallup River exposes alpine glacial drift and sedimentary rock. East of the
confluence with the Mowich River, the geology is dominated by volcanic-derived rock.

Flood Hazards

Lower Puyallup River

Flood Hazards within the Lower Puyallup are focused along the mainstem of the river, and along
major tributaries such as Clarks Creek. FEMA and Pierce County floodplain zones are shown in
Pierce County GIS data layers. These estimates of flood inundation have recently been revised
to show a significantly wider one percent chance area (i.e., 100-year floodplain) upstream of the
City of Tacoma (FEMA). The increase in area is due in large part to the lack of freeboard (i.e., a
depth above the predicted flood elevation that provides a factor of safety) provided by the
existing levees along the Puyallup and the flooding that can result if they were overtopped or
breached. Therefore, updated mapping was performed under the assumption that no levees exist
along the banks. These maps are preliminary, pending final approval and distribution by FEMA.
The Corps of Engineers has flood facility jurisdiction on the Puyallup from RM 3.0 to the mouth.
Pierce County has flood jurisdiction from RM 3.0 to 27.

Pierce County is currently undertaking a feasibility study to develop and analyze alternatives to
address potential flooding in the Lower Puyallup valley. This study is currently under review.

Page 4-12 June 2009



Pierce County Shoreline Inventory and Characterization Report

Upper Puyallup River

Flood hazards exist along stream channels in the mainstem Puyallup and its tributaries. The
FEMA floodplain is illustrated on the online mapping tool. Notable floodplain areas in the
Upper Puyallup include the broad floodplain upstream of the confluence with the Carbon River
near Orting.

Flooding in this area could also occur associated with a lahar from the slopes of Mount Rainier.
Small to moderate lahars have the potential to follow the river courses. The flowing lahar
materials have the potential to displace water into the overbank area. The inundation area is
anticipated to be similar to the FEMA floodplain, but the occurrence would not be tied to the
snowmelt period or to significant rainfall.

In general, the resolution of flood mapping reduces with distance upstream, especially in the
smaller tributary streams. Site-specific investigation would be necessary to better establish
flooding regimes in the upper watershed.

Critical or Priority Habitat and Species Use

The Puyallup River supports spring and fall Chinook, sockeye, bull trout/Dolly Varden, coho,
fall chum, pink salmon, coastal cutthroat trout, and winter steelhead. Fish distribution maps
(WDFW, 2007Db) indicate that the Puyallup River provides rearing habitat for spring Chinook
between Puget Sound and Sumner. Sockeye are documented as occurring in the Puyallup River
from Puget Sound to Sumner, and bull trout/Dolly Varden are documented as occurring
throughout the Puyallup River. The Puyallup River provides spawning and rearing habitat for
coho, pink salmon, and winter steelhead. Fall chum have a documented presence within the
Puyallup River from the Puget Sound upstream to the junction with Kapowsin Creek (WDFW,
2007b). The Puyallup River provides rearing habitat for fall Chinook. Critical habitat for these
species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia ESU coho salmon is a species of concern, and therefore, does not have
critical habitat designated. Puget Sound ESU Chinook salmon and bull trout have critical habitat
designated within the Puyallup River (Federal Register, 2005a; 2005b). The even and odd year
ESU pink salmon do not have ESA critical habitat (NOAA, 2007). The Puget Sound/Strait of
Georgia ESU chum salmon does not warrant an ESA listing and therefore, does not have critical
habitat (NOAA Northwest Region, 2007).

In 1999, the Puyallup Tribe and WDFW created a joint fall Chinook recovery plan in order to
maintain natural fall Chinook production while evaluating system production potential and
current stock status (Berger et al., 2005).
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There are multiple priority habitats associated with the Puyallup River. These habitats are listed
below (WDFW, 2007a):

« Small and large waterfowl concentration areas;

« Urban natural open space, including candidate open space areas, Carbon River open
space areas, Puyallup steep slopes, and Puyallup parks;

o Lower Puyallup riparian zones;

e Lower Puyallup River valley wetlands;

e Infirmary Creek wetlands, a vast wetland complex;

o Little Puyallup riparian zone habitat;

e Carbon River riparian zone habitat;

o Upper Puyallup River wetlands;

e White River elk range;

o Kapowsin Creek riparian habitat; and

« Historical observation of breeding harlequin ducks near the Electron Dam.

In addition, two bald eagle nests have been recorded approximately 4,000 feet west of the river,
and great blue heron and northern goshawk sites have been recorded along the river.

Instream and Riparian Habitats

Historic riparian conditions along the Puyallup River were characterized by dynamic floodplain
habitat associated with the formation and destruction of off-channel habitat and oxbows along
with accumulations of LWD. In contrast, less than 5% of the Lower Puyallup River mainstem
(Commencement Bay to Puget Sound Energy’s [PSE] Electron powerhouse about RM 31)
currently contains high quality riparian habitat and what little is present is only in small segments
separated by over one mile (Kerwin 1999a). The Lower Puyallup River mainstem is currently
confined by levees, lacks habitat complexity, and provides an insufficient gravel substrate for
spawning salmon in many areas. Riparian vegetation is generally a combination of black
cottonwood and willow species, and is generally confined to a narrow band.

Upstream from PSE’s powerhouse, the Upper Puyallup River mainstem flows through a deep,
narrow canyon dominated by Douglas-fir and western hemlock plantation forest (Marks et al.
2005). Current regulations for levees in Pierce County allow for the removal of any vegetation
in excess of six inches diameter at breast height (dbh), restricting LWD recruitment and
opportunities for shade cover in affected areas (Kerwin 1999a). In 1999, a levee setback project
in the town of Orting (near RM 23) added over 100 acres of floodplain habitat along this reach.
Several side channels have since formed in the area and spawning gravel has been accumulating
to provide salmonid habitat (Marks et al. 2005). Off-channel habitats have been constructed
within the lower reaches of the Puyallup River and include the Gog-le-hi-te wetland complex and
the Puyallup River Side Channel habitat. These areas provide habitat primarily for rearing
juvenile salmonids.
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Channelization, levee installation, dredging, and urbanization along the Puyallup River have
impacted riparian and instream habitat quality and functions. The construction of levees and
revetments and the maintenance thereof has resulted in a loss of riparian vegetation and a
reduction in LWD recruitment in some reaches. Channelization and levees result in increased
water velocity, streambank scouring, and high bedload (sediment) transport. This also relates to
a reduction in both pool habitat and side channels used by salmonids (Kerwin 1999a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the
Puyallup River has two 303(d) listings (Category 5 listings) for impaired water quality: fecal
coliform and mercury. In addition, the river has one Category 4C listing for instream flow; six
Category 2 listings: copper, dissolved oxygen, lead, mercury, temperature, and turbidity; and
thirteen Category 1 listings: ammonia-N, arsenic, cadmium, chromium, copper, dissolved
oxygen, fecal coliform, lead, mercury, nickel, pH, temperature, and zinc (Ecology, 2004b).

The Clean Water Act Section 305(b) Report published by Ecology in 1992 indicated that the
Puyallup River, along with the White River and Hylebos Creek, had water quality impairments
due to high fecal coliform counts. One of the sources for this water quality impairment was
discharge by municipalities and industries (Ecology, et al., 1995b). There are a total of 44
individual NPDES permits that discharge to the watershed, and in addition to these, there are 28
general permits that allow discharge to surface water within the larger watershed. Additional
sources of impairment listed in the report include pasture and animal-management areas, manure
lagoons and channelization (| et al., 1995b).

In 2006, the Department of Ecology released a Quality Assurance Project Plan, which describes
the technical study that will develop fecal coliform bacteria TMDLs for the Puyallup River and
its tributaries. The potential sources of fecal coliform bacteria identified in the 2006 Project Plan
are similar to those identified in the 1992 report. The Puyallup River serves as a receiving water
for three municipal wastewater treatment plants. In addition, wildlife and background sources
serve to increase fecal coliform levels. Nonpoint sources including range and pastured livestock
with access to streams and stormwater also contribute to elevated bacteria levels (Ecology,
2006a).

Ecology produced a TMDL for biochemical oxygen demand (BOD) and ammonia in the
Puyallup River in 1993, amended in 1994 (Pelletier, 1993; Pelletier, 1994). USEPA accepted the
Lower Puyallup River TMDL in 1994. The intent of the TMDL was to address low levels of
dissolved oxygen (DO) within the Puyallup River, by limiting BOD and ammonia loading to the
river. In addition, the establishment of a TMDL supported the development of a framework to
allocate the remaining assimilative capacity (reserve capacity) within the river for BOD and
ammonia.

The Lower Puyallup River TMDL sets a maximum load for BODs (5-day BOD) at 20,322
Ibs/day, and a maximum load for ammonia at 3,350 Ibs/day. The load is allocated among
permitted dischargers to the Puyallup River. In addition, the TMDL set an initial reserve
capacity of 3,670 Ibs/day of BODs, and 1,200 Ibs/day of ammonia. The reserve capacity is that
portion of the loading that is set aside for future permitted discharge, and is the amount of
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loading capacity that the river can take without exceeding water quality standards. Currently,
there is a moratorium on utilizing this reserve capacity.

4.3.1.2 Shoreline Use Patterns
Existing Land and Shoreline Use

The Lower Puyallup River (Reaches 1 through 3) passes in and out of the boundaries of
incorporated municipalities, including the cities of Tacoma, Fife, Edgewood, Sumner, and
Puyallup. The lowest 2.7 miles of the river are located entirely within Tacoma. The shoreline
planning area surrounding the Lower Puyallup, within Reaches 1 through 4, is characterized by a
mix of urban development and urbanizing rural development, with a combination of single
family, multi family, and commercial development, as well as significant areas of remaining
resource land (largely agricultural uses) and vacant land.

The Middle Puyallup River (Reaches 4 through 7) passes through rural and agricultural areas
within the Puyallup valley. The shoreline planning area surrounding the Middle Puyallup is
characterized largely by rural and agricultural development patterns, with areas of low to
moderate density residential development occurring near incorporated areas (Puyallup to the NW
and Orting to the SE). Significant areas of County owned Open Space occur within the Reach 4
planning area, and are developed for moderate human use with walking, biking, and BMX trails.

The Upper Puyallup River (Reaches 8 through 13) passes through the Cascade foothills to the
west of Mount Rainier as the Puyallup valley narrows. The shoreline planning area surrounding
the Upper Puyallup is characterized by largely by rural development patterns and forestry
resource land use. Reaches 12 and 13 of the Upper Puyallup are completely surrounded by
forestry land use.

Shoreline modifications

Major arterials and highways are common near the Lower Puyallup River. Roads paralleling the
River include the 5 lane River Road East (SR 167), and roadway bridge crossings of the river
include the 66™ Ave. E bridge, the Milwaukee Ave E Bridge, and the dual-span SR 512 bridge.

Levees are mapped throughout the majority of the Lower Puyallup River, although not along the
unincorporated side of the river in Reach 3.

Roadways frequently parallel the Puyallup River, and several roadway bridge and major utility
crossings occur. Roads paralleling the River include McCutcheon Rd E, 153 Ave. E., South
Fork Rd E, and Leech Rd E. Roadway bridge crossings of the river include the 128" St. E
bridge and the Pioneer Way (SR 162) bridge. A significant pipeline crossing occurs immediately
upstream of the Pioneer Way bridge, and major overhead power lines cross the river in Reach 7.
Levees are mapped throughout the majority of the Middle Puyallup River, although they are only
continuous within Reaches 5 and 6.

There are no paved roadways within the shoreline planning area of the Upper Puyallup, however
the network of forest and timber roads is extensive and commonly passes within proximity of the
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river. No levees or other significant shoreline modifications are mapped within the Upper
Puyallup River.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing Shoreline Environment Designations of the Lower Puyallup River include Urban
and Rural areas, as well as Conservancy designated shoreline within Reach 3. Comprehensive
Plan designations and implementing zones largely follow existing land use patterns, and include
Moderate Density Single Family Residential (76% of Reach 2, 29% of Reach 3), Employment
Center (71% of Reach 3), Rural Designations (53% of Reach 1), as well as Agricultural
Resource Lands (42% of Reach 1). Areas of commercial and higher density residential zoning do
occur predominantly within the Reach 1 and 2 planning areas. The Lower Puyallup is largely
within the County’s Comprehensive Urban Growth Area (UGA); however the majority of Reach
1 is outside the UGA.

The existing Shoreline Environment Designations of the Middle Puyallup River include
Conservancy and Rural in Reach 4, and Rural in Reaches 5 through 7. County zoning and
Comprehensive Plan designations largely follow existing land use patterns, and are dominated by
Rural 10 (greater than 50% in all reaches), Agricultural Resource Land and Rural 20 (Reach 7)
designations. The Middle Puyallup is mostly outside the UGA, however the majority of Reach 6
is inside the UGA as it borders the Orting city limits.

The existing Shoreline Environment Designation of the Upper Puyallup River includes
Conservancy in Reach 8 through the lower portion of Reach 12, at which point the 1992 County
designations stop. County zoning and Comprehensive Plan designations largely follow existing
land use patterns, and are dominated by Rural 20 (60 to 80% in Reaches 8 through 11) and
Designated Forest Land. The Upper Puyallup is entirely outside the UGA.

Existing and Potential Public Access Areas

Publicly-owned park and open space lands do not occur on the Lower Puyallup River. As such,
no apparent public access, beyond view points from roadways and bridge crossings, is present or
potentially available within the Lower Puyallup.

As noted above, significant areas of County owned Open Space occur within the Reach 4
planning area, and are developed for moderate human use with walking, biking, and BMX trails.
The largest area is Riverfront Park, with access at Riverside Rd. and 78th St. Court (see County
web page listing parks facilities at: http://www.co.pierce.wa.us/pc/services/recreate/fac-list.htm).
In addition, within Reach 6, a large privately owned golf course, the High Cedars Golf Club, is
directly adjacent to the east shore of the river.

Historic and Cultural Resources

Cultural resources within the Lower Puyallup River shoreline planning area include recorded
pre-contact materials and campsites. Native American use of the Lower Puyallup area, by the
Puyallup Tribe, included seasonal hunting and gathering campsites near the Puyallup, with
concentrated use occurring at the convergences of tributary streams with the river. Recorded
artifacts include lithic scatters, charcoal deposits, and calcined bones (DAHP, 2007).
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Subsistence harvest of anadromous fish (salmon and trout) and supplemental hunting of upland
mammals occurred along the Lower Puyallup and throughout the watershed (DAHP, 2007).

Cultural resources within the Middle Puyallup River shoreline planning area include recorded
pre-contact materials and campsites. Native American use of the Middle Puyallup area, by the
Puyallup Tribe, included seasonal hunting and gathering campsites near the Puyallup, with the
same use patterns seen as described in the Lower Puyallup description. Recorded artifacts
include lithic scatters, charcoal deposits, and calcined bones (DAHP, 2007). Subsistence harvest
of anadromous fish (salmon and trout) and supplemental hunting of upland mammals occurred
along the Middle Puyallup and throughout the watershed (DAHP, 2007).

Cultural resources within the Upper Puyallup River shoreline planning area include recorded pre-
contact materials and campsites; however use of the Upper Puyallup area was less regular than in
areas surrounding the Middle and Lower Puyallup. Native American use of the Upper Puyallup
area, by the Puyallup Tribe, likely was limited to seasonal hunting the Puyallup. Recorded
artifacts include lithic scatters, charcoal deposits, and calcined bones, however far fewer artifacts
have been recorded in the upper portions of the Puyallup WRIA than in lower portions (DAHP,
2007).

4.3.1.3 Reach Scale Assessment

Thirteen (13) reaches have been identified on the Puyallup River. The total length of shoreline
for the Puyallup River is 38.5 miles. Beginning from the lower river and moving upstream, these
reaches are labeled as PUYA_RV_01 through PUYA_RV_13 (Table 4-4).

4.3.1.4 Restoration Opportunities

Pierce County is the lead entity for salmon recovery planning in the Puyallup/White River
watershed (WRIA 10). The Salmon Habitat Protection and Restoration Strategy for WRIAs 10
and 12 (Pierce County Lead Entity, 2008b) prioritizes both near-term and long-term actions for
salmon habitat recovery projects. High-priority areas include the Puyallup River from its mouth
to the upstream extent of the levee system (approximately RM 24.5). Near-term (five to 10
years) high-priority projects focus on the protection and restoration of presently functional
salmon streams in the system. Long-term (10 plus years) high-priority projects on the Puyallup
River in WRIA 10 include:

e Construction of levee setbacks for floodplain reconnection and habitat restoration
between RMs 6 and 22;

e Restoration of off-channel estuarine habitat between RMs 0 and 6; and

e Screening the Electron hydroelectric diversion canal from juvenile salmonids migrating
downstream.

Levee setbacks are an important restoration opportunity for the Puyallup River to minimize
flooding, allow for channel migration, increase connectivity between aquatic and upland areas,
and increase off-channel habitat. Levee setbacks are currently being considered in the Puyallup
River Flood Management planning. A levee setback feasibility study funded by Pierce County
and the Salmon Recovery Funding Board is examining potential setback sites at 32 locations on
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the Puyallup, Carbon, and White rivers (PRWC, 2007a). Reforestation of riparian areas, even
behind the levees, would contribute to enhancement of riparian habitats.

Pierce County Public Works and Utilities has recently constructed a new setback levee on the
Puyallup River. This is referred to as the Soldier’s Home Setback Levee Project, completed in
2006, which involved construction of a new 5,150-foot-long setback levee. The existing levee
was removed to allow for natural channel migration and to expand the floodplain area. The
Soldier’s Home Levee project restored about 67 acres of floodplain to historic conditions for fish
and wildlife habitat (PRWC, 2007a).

In addition, levee repairs using biostabilization techniques are also being designed by Pierce
County Public Works and Utilities. For example, repairs planned along North Levee Road will
include installation of large woody debris and other biostabilization methods to soften the
armoring of the river shoreline. Through the basin planning process, Pierce County Public
Works has also planned for stream corridor restoration along the lower part of Clear Creek
within the Puyallup River shoreline planning area (Pierce County, 2006a).

The Puyallup Tribe has entered into a levee management agreement with both Pierce County and
the Corps of Engineers to restore vegetation. The agreement was structured to revise levee
management practices and minimize impacts to in-stream habitat during levee maintenance
(Marks et al., 2008). Efforts are being made to retain native vegetation near the revetment
structures wherever possible so that riparian functions and shade can be provided.

The City of Puyallup Draft Shoreline Restoration Plan (ESA Adolfson, 2007) identified several
restoration opportunities along the Lower Puyallup River near SR 512, including areas within the
City’s UGA. Types of potential projects include revegetating riparian areas and reconnecting
floodplain wetlands and oxbow areas to provide off-channel fish habitat.

The Puyallup Tribe of Indians monitors juvenile salmonids at a trap located on the Puyallup
River near the White River confluence. The Tribe compiles annual salmon, steelhead, and char
spawning reports that provide detailed information on anadromous fish distribution and
abundance (Puyallup Tribe, undated).

Shared Strategy for Puget Sound reported: “Access to the best remaining habitat, in the upper
reaches of the Puyallup-White system, is hampered by levees, culverts and other barriers. For
example, of the 357 known culverts in the Puyallup, approximately 70% are partial or complete
barriers to salmon. A comprehensive survey of passage barriers and a habitat assessment have
been completed and are used to guide selection of strategic protection and restoration projects.
Improving access to high-quality up river habitat remains a major focus and opportunity for
progress.” (SSPS, undated)

The Puyallup River Watershed Council is one of several watershed councils in Pierce County. It
is composed of citizens, local governments, business, elected officials, and environmental
agency representatives who coordinate their efforts to restore and protect the watershed. The
Puyallup River Watershed Council developed two watershed plans that detail the activities
necessary to reduce nonpoint source pollution: the Lower Puyallup Watershed Action Plan and
the Upper Puyallup Watershed Action Plan. The Council’s action plan for 2007 through 2011

June 2009 Page 4-19



Pierce County Shoreline Inventory and Characterization Report

includes the protection and restoration of aquatic and terrestrial habitats, as well as riparian
revegetation (PRWC, 2007b).

Restoring forested riparian habitat along the river would protect in-stream habitat, reduce
streambank erosion, and provide large woody debris to the river system. Planting of trees along
the river is limited by the placement of the levees and the desire to maintain these levees as
structural entities that are not compromised by the growth of woody vegetation. Restoration of
forested habitats behind the levees may accomplish some of these goals, although not all.
Increasing forested cover would increase the recruitment of LWD and increase in-stream habitat
complexity.
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Table 4-4. Reach assessment for the Puyallup River

Reach
Reach Number | Reach Location | Length Land Use Descriptions Modifications Unique Features | Riparian Zones
(miles)

PUYA_RV_01 Upstream of City of 1.00 Residential and agricultural areas in Ditching, draining, Large floodplain Riparian zones
Tacoma, south of I-5 Puyallup Tribal reservation. North Levee | 100 % levee expanse associated lacking forested
to Clarks Creek Road runs on northeast river bank. River with river. Floodplain | cover.
confluence Road East runs along southwest bank. extends to south of

river and includes the
mouths of four
tributaries one of
which is Swan Creek.

PUYA_RV_02 Area adjacent to 2.00 Commercial and residential uses, in 100 % levee Channel is confined. Riparian zones are
Puyallup to White Puyallup UGA; includes north river bank narrow. Trees grow
River confluence; at SR 512 crossing. waterward of the
upstream of Clark’s levee
Creek confluence

PUYA RV _03 White River to UGA 1.07 Sumner UGA. Agricultural and 25% of reach is Narrow forested
of Sumner residential land uses; includes south river | levied riparian zone.

bank.

PUYA_RV_04 Sumner UGA to 3.91 Rural residential and agricultural uses; 60% levee Much of shoreline Narrow forested
Fennel Creek including SR 162 (Pioneer Way) bridge area in Reach 4 is riparian zone.
confluence crossing. Pierce County Riverside Park is public park. Large

located in this reach with 50-acres of historic oxbow
undeveloped land and BMX trails. 96™ channels lie to the W
Street East bridge crossing. of Puyallup and E of
McCutcheon Road parallels river on east SR 162. Wide

side. floodplain.

PUYA_RV_05 Fennel Creek to 2.24 Rural residential. 128" Street E bridge 82% levee Wide floodplain both Riparian forested
Carbon River crosses in this reach. sides of river. cover varies.
confluence

PUYA _RV_06 Carbon River to 4.07 In UGA of Orting, Rural residential, East 100 % levee Large floodplain area | Riparian cover varies.
Orting Pioneer Way (SR 162) crosses river west of Orting city Trees lacking in

(Puyallup River Bridge). High Cedars limits. residential areas.
Golf course on east river bank. Calistoga
Street W. crosses river.
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Reach
Reach Number | Reach Location | Length Land Use Descriptions Modifications Unique Features | Riparian Zones
(miles)
PUYA_RV_07 Orting to Kapowsin 3.57 Rural residential, agricultural and forest 100 % levee Active channel of Riparian zones are
Creek confluence resource lands. Oroville Road East river widens. mostly forested.
parallels the east river bank then crosses
the river at Fiske Creek. Transmission
lines cross Puyallup just downstream.
PUYA_RV_08 Kapowsin Creek to 4.33 Forest resource lands, with rural No levees mapped Wide floodplain area Riparian zones are
Kings Creek residential. Electron powerhouse in mostly forested.
Reach 8 just downstream of King’s creek
confluence.
PUYA _RV_09 Kings Creek 8.01 Rural residential, managed forest No levees mapped Electron Flume runs Riparian zones
Confluence to resource lands. parallel to river on lacking forested
Unnamed Trib to south side. Riparian zones are
Puyallup mostly forested.
PUYA_RV_10 Unnamed Trib to the | 1.73 Managed Forest resource lands No levees mapped Unknown.
Puyallup to Neisson
Creek
PUYA RV_11 Neisson Creek to 1.35 Forest resource land uses No levees mapped Unknown.
Mowich River
confluence
PUYA _RV_12 Mowich River 3.71 Forest resource land uses No levees mapped Unknown.
confluence to Deer
Creek confluence
PUYA_RV_13 Deer Creek 151 Forest resource land uses No levees mapped Unknown.
upstream to North
and South tributaries
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432 White River

The White River is a Shoreline of Statewide Significance within Pierce County downstream of
the point where 1,000 cfs is measured. Upstream the White River is considered a Shoreline of
the State. A total of 54 miles of White River shoreline lie with unincorporated Pierce County,
not including the linear length of Mud Mountain Lake.

4.3.2.1 Physical and Biological Characterization
Processes and Channel Modifications
Key modifications include:

e Land cover conversion from forest to harvested forest, pasture, or urban land uses;

« Installation of the Mud Mountain Dam on the White River in 1942, which changed the
timing and volume of flows;

« Installation of the PSE diversion to Lake Tapps which reduces streamflow between the
diversion and the discharge channel in the City of Sumner;

e Increased demands on groundwater, which has reduced summer low flows within the
Puyallup (Kerwin, 1999a); and

o Changes in land use which have resulted in increased fine sediment loading.

Historical channel change includes the avulsion of the White River channel to the south during a
destructive flood in 1906 (Crandell, 1963). Prior to that date, the White River split into two
branches on the south side of Auburn. The main branch of the river flowed northward to the
Lower Green River. The smaller branch flowed southward as the Stuck River, which joined the
Puyallup River. The White River was permanently diverted southward with the construction of
diversion levees completed in 1914. Changes in channel morphology have included the
straightening, channelizing, installation of levees and revetments, and construction of bridges
and other river crossings. These levees were typically installed more than 50 years ago, and
these levees would not meet current engineering standards (King County, 2006).

The natural flow regime of the White River was altered in 1912 with the construction of the
White River Hydroelectric Project at approximately RM 24.3, in which approximately 64% of
the flow was diverted via canals and flumes to what would become Lake Tapps (Upper Puyallup
Watershed Committee, 2002). The withdrawal is managed to preserve flows of at least 130 cfs
in the White River at RM 15.7 (Pelletier, 1993, 1994).

Lake Tapps was created by raising the level of four small, pre-existing lakes by construction of
embankments and the diversion of White River flow at the town of Buckley, upstream of Auburn
(Crandell, 1963). The water returns to the White River, downstream of Auburn, through the
hydroelectric power facility at Dieringer, west of Lake Tapps. This bypass reduces river flow
within the Auburn PAA. The construction of embankments to create Lake Tapps also altered the
flow of tributary streams that formerly flowed northwesterly from the vicinity of Lake Tapps to
the White River. Puget Sound Energy (PSE) is in the process of abandoning the power facility.
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The hydrology of the White River has also been modified with the initial installation of the Mud
Mountain Dam in 1942. The Mud Mountain Dam was installed at RM 29, primarily for flood
control purposes. Mud Mountain is a ‘run of the river’ dam, and often has no water behind it.
Sediment that reaches the reservoir is delayed in passing through when the reservoir pool is
active, but will re-mobilize and move downstream when the pool is drained. Current practice for
Mud Mountain Dam is to limit downstream flows to 12,000 cfs when feasible (Pierce County,
2007e).

Timber harvesting, agriculture, and urban land uses have changed the amount and timing of
runoff in response to rainfall and snowmelt events. In general, the reduction of mature forest has
resulted in greater runoff volumes with a faster time to peak flow. This pattern is often most
pronounced in urban areas where rainfall on impervious surfaces is conveyed directly to
receiving waters via a pipe or ditch system.

Drainage Basin, Tributary Streams and Associated Wetlands

The White River sub-basin occupies 468 square miles, covering the northern half of the WRIA
(Ecology, et al., 1995b). The headwaters of the White River are located at the Emmons Glacier
on the north side of Mount Rainier. From here the White River flows 66 miles before joining the
Lower Puyallup River at Sumner (Ecology, et al., 1995b). The White River has 35 tributaries.
The White River carries a tremendous amount of bedload material that is glacially derived. This
contributes to the dynamic nature of the river system and the high sediment loads are responsible
for the braided channel morphology characteristic of the river valley (Marks et al., 2008).

Approximately 185 acres of wetlands are mapped within the floodplain of the Lower White
River. Based on aerial photography, these wetlands contain forested and agricultural habitats.
For example, wetlands have been identified in Reaches 2 and 3, where they make up 13percentor
more of the shoreline planning area. Wetlands are likely present but have not been mapped
within the White River shoreline planning area upstream of the SR 410 crossing at Buckley.

Geologic Hazards

The White River drains the northeast flank of Mount Rainier. Initially, the river flows though a
bedrock valley. At the margin of the Puget Sound lowland, the river flows westward through a
gorge incised into glacial drift deposits. Eventually, the river exits the gorge at the City of
Auburn and flows southward to Tacoma. The river flows over a wide range of geologic terrain,
including volcanic and volcaniclastic rocks, deposits of alpine glaciers and continental ice sheets,
lahar deposits, landslide deposits, and alluvium. Seismic, flood, and volcanic hazards exist along
nearly the entire length of the White River. Landslide hazards are mapped along the slopes that
form the walls of the White River gorge. Landslide hazards may exist outside of the mapped
areas, particularly in those locations where recent landslide deposits are present, such as
upstream of the White River gorge (Pierce County GIS, 2007). In a number of locations, the
White River passes within a few hundred feet of areas that have been mapped as having erosion
potential.
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Flood Hazards

Flood hazards along the White are primarily a result of streamflow along the river. Flood
hazards are partly mitigated as higher flows are retained in Mud Mountain Dam. The Federal
Emergency Management Agency (FEMA) has prepared Flood Insurance Rate Maps (FIRMs)
that include the lower portions of the White River. Much of the river below the City of Auburn
to the confluence with the Puyallup has been leveed as part of past river management.

In general, the resolution of flood mapping reduces with distance upstream, especially in the
smaller tributary streams. Site-specific investigation would be necessary to better establish
flooding regimes in the upper watershed.

Critical or Priority Habitat and Species Use

The White River supports spring Chinook, sockeye, bull trout/Dolly Varden, coho, fall chum,
pink salmon, and winter steelhead. Fish distribution maps (WDFW, 2007b) indicate that the
White River provides rearing habitat for spring Chinook. The White River provides spawning
and rearing habitat for coho and winter steelhead. The White River provides spawning habitat
for fall chum in a segment near Pacific, and east of Buckley, the presence of fall chum changes
to a potential presence. Sockeye, bull trout/Dolly Varden, and pink salmon have a documented
presence within the White River. In addition, fall Chinook have a documented presence from
Sumner upstream to Buckley (WDFW, 2007b). Critical habitat is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated but is currently
under review. Puget Sound ESU Chinook salmon and bull trout have critical habitat designated
within the White River (Federal Register 2005a; 2005b).

In addition, there are multiple state priority habitats associated with the White River. These
habitats include: the Lower White River agricultural wetlands; small and large waterfowl
concentration areas; Murray Creek wetland habitat; Lake Tapps plateau wetlands; White River
riparian corridor habitat; the White River elk range and the White River elk winter area; Green
River-White River harlequin duck breeding areas; and White River wetland habitat (WDFW,
2007a). Two great blue heron colonies have been recorded adjacent to the river, and a spotted
owl was recorded 1,500 feet from the river, in proximity to Goat Creek.

Instream and Riparian Habitats

The mainstem White River is generally unconfined and contains braided, complex channels
abundant in salmon spawning gravels. However, from approximately RM 11 downstream the
mainstem channel is confined by levees on both sides of the river and spawning habitat is
limited. LWD is generally abundant but small in size along the mainstem White River. Riparian
vegetation is typically second growth coniferous or hardwood forest except for Mount Rainier
National Park, which consists of mostly old growth forest (Marks et al. 2005). Mature forest is
present along the White River at Federation Forest State Park, and on some U.S. Forest Service
lands upstream of Greenwater. On U.S. Forest Service lands, mature forest is also located along
portions of some tributaries to the White River, including the Clearwater River, Greenwater
River, and West Fork White River.
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Land use in the lower eight miles of the White River sub-basin is mixed commercial/residential
and the primary land use in the Upper White River sub-basin is commercial forest production.
Logging has been active along the White River since the 1940’s and has resulted in restricted
recruitment of LWD in the White River mainstem. In some cases, logging has increased erosion
in steep slope habitat. Construction of the Mud Mountain Dam (1942) has limited LWD
recruitment and sediment deposition along the mainstem. However, LWD from old growth
habitat in Mount Rainier National Park has provided opportunities for flow regulation, sediment
retention, and structural habitat in the Upper White River mainstem (Kerwin 1999a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the White
River has three 303(d) listings (Category 5 listings) for impaired water quality: fecal coliform,
pH, and temperature. In addition, the White River also has Category 2 listings for fecal coliform,
pH, temperature and dissolved oxygen (DO). The White river also has 7 Category 1 listings:
ammonia-N, arsenic, DO, fecal coliform, mercury, pH, and temperature (Ecology, 2004b).

During 2002-2003, Ecology prepared and completed a TMDL for sediment and temperature for
the Upper White River watershed, which included the Upper White River and the Greenwater
River. In 2006, Ecology completed a detailed implementation plan to carry out the actions called
for in the TMDL.

The Clean Water Act Section 305(b) Report published by Ecology in 1992 indicated that the
White River, along with the Puyallup River and Hylebos Creek, had water quality impairments
due to high fecal coliform counts. One of the sources for this water quality impairment was
discharge by municipalities and industries (Ecology, et al., 1995b). There are a total of 44
individual NPDES permits that discharge to the watershed, and in addition to these, there are 28
general permits that allow discharge to surface water within the larger watershed. Additional
sources of impairment listed in the report include pasture lands, animal-management areas,
manure lagoons, removal of riparian corridors, and channelization (Ecology, et al., 1995b).

4.3.2.2 Shoreline Use Patterns
Existing Land and Shoreline Use

White River Reach 1 occurs directly at and above the convergence of the White River with the
Puyallup River, in a developed area characterized by low to moderate density residential
development. Reach 2 of the White River, where the river flows from the north, out of King
County, is characterized by commercial and office development. Above the point where the
White River forms the north-eastern boundary of Pierce County (Reaches 3 through 11), the
shoreline planning area transitions from Rural land use (dominant in Reach 3) to timber lands.

Roadway infrastructure creates high impervious coverage in Reaches 1 and 2; however,
impervious surfaces are minimal in all other White River reaches. State Routes 167 and 410
interchange directly north of the mouth of the White River, and several other surface arterials
cross over the river. From Reach 3 and above, Highway 410 and several USFS and unimproved
logging roads occur near the river and its tributaries. A river crossing is located at Enumclaw-
Buckley Rd. SE.
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Shoreline modifications

Levees are mapped throughout the White River in Reaches 1 and 2. Levees and revetments exist
within certain sections of the White River and its tributaries located upstream of Buckley, but
their locations have not yet been mapped.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing SMP Shoreline Environment Designation of White River Reaches 1 and 3 through 9
is Conservancy. The designation of Reach 2 is Rural. Existing shoreline environment
designations for freshwater reaches are illustrated on Map 29 (Eastern) and Map 30 (Western).
County zoning and Comprehensive Plan designations largely follow existing land use patterns,
and are dominated by: Moderate Density Single Family Residential in Reach 1, Employment
Center in Reach 2, Rural 10 to Rural 20 (greater than 50%) in Reaches 3 and 4, and Designated
Forest Land (greater than 65% in all reaches) in Reaches 5 through 11. Reaches 1 through 3 are
within the UGA, and all other White River reaches are outside of the UGA.

Existing and Potential Public Access Areas

There are no County-owned parks within the White River planning area. However, extensive
public access is provided to the White River and some of its tributaries on publicly owned lands
outside the planning area (e.g., Mt Rainier National Park, U.S. Forest Service lands, Mud
Mountain Dam Park and Recreational Facility, Federation Forest State Park, and city parks).

Historic and Cultural Resources

Cultural resources within the White River shoreline planning area include recorded pre-contact
materials and campsites. Native American use of the Puyallup and Green/Duwamish basins, by
the Puyallup and Duwamish Tribes, included seasonal hunting and gathering campsites near the
White, with villages and camps frequently occurring at convergences with smaller tributary
streams. Recorded artifacts include lithic scatters, charcoal deposits, and calcined bones (DAHP,
2007). Subsistence harvest of anadromous fish (salmon and trout) and supplemental hunting of
game occurred along the Middle Puyallup and throughout the watershed (DAHP, 2007).

4.3.2.3 Reach Scale Assessment

Eleven (11) reaches have been identified within the White River shoreline planning area. These
reaches are labeled WHIT_RV_0O1 through WHIT_RV_11 moving from the Lower White River
to the upper headwaters in Mount Rainier National Park (Table 4-5). Approximately 54 miles of
White River shoreline (not including Mud Mountain Lake) lie within Pierce County.

June 2009 Page 4-27



Pierce County Shoreline Inventory and Characterization Report

4.3.2.4 Restoration Opportunities

The White River Basin Plan (Pierce County, 2007¢) identified several types of restoration
opportunities on the river mainstem, including pulling back levees to allow for channel
migration, installing engineered logjams, planting riparian vegetation, providing better detention
and treatment for stormwater runoff, and reconnecting side channel habitat. The
decommissioning of forest roads in the upper watershed and the acquisition of important riparian
habitats near Buckley have also been identified as opportunities through the WRIA 10/12 salmon
recovery planning process (Pierce County Lead Entity, 2008a, 2008b).
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Table 4-5. Reach assessment for the White River

Reach
Reach Number | Reach Location | Length Land Use Descriptions Modifications Unique Features | Riparian Zones
(miles)
WHIT_RV_01 Confluence with the | 3.32 Residential and commercial uses, 75% of reach has Roads parallel river Riparian forested
Puyallup River to the immediately east of major intersection of | levees on both sides. cover is limited.
city limits of Sumner SR167 and SR 410; includes SR 410 Trees line the river in
bridge over River. a band 50 to 75 feet
wide.
WHIT_RV_02 unincorporated land | 0.56 Commercial development on east bank. 77% of reach has Large wetland along Riparian forested
near Pacific (8lh Agricultural uses to the east near County | levees east bank of river that | cover is limited due to
Street East) to line. extends north of the commercial and
northern Pierce Pierce County line agricultural uses.
County line into Auburn. Wetland
is 600 feet wide and
extends to A Street
SE.
WHIT_RV_03 Pierce County line to | 8.99 Agricultural uses, rural residential. No levees Very wide floodplain Riparian forested
Buckley city limits County jurisdiction and Muckleshoot documented. on White River with cover is good,
Tribal jurisdiction occurs in this vicinity. multiple channels and | provided by trees in
Includes forested lands between River wide channel the channel migration
and Electron Flume in Buckley. migration zone. zone.
Wetland observed in
sloughs and off-
channel habitat.
WHIT_RV_04 Buckley to Mud 4.22 Reach 4 begins 0.5 miles upstream of Unknown. Narrower floodplain. Riparian forested
Mountain Lake Electron Flume, which diverts water to cover varies.
Lake Tapps. Agricultural and forestry
uses. Major overhead transmission line
crossing.
WHIT_RV_05 Mud Mountain Lake | - This is MUDM_LK_01. Forest resource Unknown. Reservoir Forest cover varies.
lands. Mud Mountain Lake road to the
north. Mud Mountain Park provides
pubic access.
WHIT_RV_06 Mud Mountain to 1.42 Forest resource land uses Unconfined. Large island present Forest cover
Clearwater River in this reach. generally present.
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Reach
Reach Number | Reach Location | Length Land Use Descriptions Modifications Unique Features | Riparian Zones
(miles)
WHIT_RV_07 Clearwater River to 10.49 Forest resource land uses Confined to the east Oxbow channels Forest cover present
Pierce County line end of the reach by present, in-channel in shoreline
SR 410 near Town of | islands, wide CMZ. jurisdiction.
Greenwater. Extensive damage
from recent floods.
WHIT_RV_08 Confluence with the | 3.53 Forest resource land uses. Town of Confined by SR 410 Extensive flood Forest cover varies.
Greenwater River to Greenwater with residential uses. in some locations. damage and channel
the confluence with migration.
the West Fork White
River.
WHIT_RV_09 West Fork White 4.67 Forest resource land uses, enters Unconfined. Extensive CMZ. Forest cover varies.
River to Huckleberry National Forest lands at east of reach.
Creek Crystal River Ranch Road bridge.
WHIT_RV_10 To Goat Creek 14.61 Forest resource land uses, Partially confined to Extensive CMZ. Forest cover varies.
National Forest the east by SR 410.
WHIT_RV_11 Upstream from Goat | 2.15 Forest resource land uses, Partially confined by Extensive CMZ. Forest cover varies.

Creek confluence

National Forest

SR 410.
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4.3.3 Lake Tapps
4.3.3.1 Physical and Biological Characterization

Processes and Channel Modifications

Lake Tapps is a man-made reservoir created in 1911 and maintained by Puget Sound Energy
(PSE). Cascade Water Alliance, an eastside water utility, is in the process of purchasing Lake
Tapps from PSE. Cascade intends to use Lake Tapps as a municipal water supply reservoir. To
create the reservoir, a diversion dam was constructed on the White River, near Buckley,
Washington, which routed water into a flume directed to the east side of Lake Tapps. On the
west side of the lake water was routed to the "Dieringer Powerhouse" to generate
hydroelectricity. The water is then returned to the White River, about 20 miles downstream from
the diversion dam. The level of the lake is controlled by PSE and is lowered from September to
May for flood control purposes. However, the lowered lake elevation reduces recreational
opportunities for the lakeshore residents.

At the Buckley diversion dam on the White River there is a fish trap that catches salmon as they
migrate upstream. The fish are transported by truck and released upriver of Mud Mountain Dam,
which blocks salmon migration. In June of 2008, Cascade Water Alliance entered into an
agreement with the Muckleshoot and Puyallup Tribes to determine minimum flow regimes on
the White River and set millions of dollars of mitigation fees for salmonid recovery (see web
page at: http://www.cascadewater.org/Ik_tapps_tribal _agreements.php).

Drainage Basin, Tributary Streams and Associated Wetlands

Lake Tapps is located within the White River sub-basin (Map 6) and is one of the primary
surface water bodies of the sub-basin, covering 2,296 acres and holding 46,660 acre-feet of water
(Ecology, et al., 1995b). Lake Tapps is about 4.5 square miles in surface area and has about

45 miles of shoreline. The shape of the shoreline is complex with many inlets, peninsulas, and
islands. Before the reservoir was created there were several smaller lakes, including one called
Lake Tapps. The reservoir is held in place by dikes.

Approximately 297 acres of wetland is mapped around the fringes of Lake Tapps. Wetlands
cover 8% of the lake’s shoreline planning area.

Geologic and Flood Hazards

Lake Tapps is situated on an upland glacial drift plain to the east of the City of Puyallup. The
lake is bounded by volcanic mudflow and continental ice-sheet deposits. Hazards identified for
Lake Tapps include, flood, seismic, and landslide. The slopes which form its margin are also
identified as steep slopes with the potential for erosion.

Critical or Priority Habitat and Species Use

There are several priority habitat areas associated with Lake Tapps. Small waterfowl
concentration areas have been designated at Lake Tapps, in addition to the Lake Tapps
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Waterfowl Area. Lake Tapps Plateau wetland habitats and White River wetland habitat have
also been designated. Several parks and open space areas are also associated with Lake Tapps
(WDFW, 2007a). There is a bald eagle nest at the southeast corner of the lake and a second nest
is located over 2,000 feet from the southeast corner of the lake.

Instream and Riparian Habitats

Lake Tapps was originally created as an impoundment in 1911 and was used explicitly as a
source of hydroelectric power. Today, the Lake Tapps shoreline is currently developed for
residential use and the lake is used extensively for recreation. Road density is relatively high for
access to residential homes and various points of access are available for boat launches. High
levels of development and human use in the lake area have impacted the natural vegetation and
character of the lake.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Tapps
Lake has one Category 4C listing for invasive exotic species and one Category 1 listing for total
phosphorus.

4.3.3.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Lake Tapps, which is fed from diverted flows from the White River, is surrounded
predominantly with moderate to high density single-family residential land use. Lake Tapps has
several islands, most of which are also developed with single family homes. Some developments
are associated with golf courses, which in areas border the shoreline.

Shoreline modifications

Shoreline modifications associated with residential uses are prevalent throughout the Lake Tapps
shoreline area. Analysis of 2006 aerial photography shows that the majority of residential
parcels along the lake shoreline have bulkheading, predominantly made of concrete, and many of
these parcels have private use docks. Additionally, islands within Lake Tapps are linked to each
other and the surrounding shoreline via a series of roads, bridges and causeways. Causeways are
typically constructed on top of rip rap berms.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing Shoreline Environment Designations of Lake Tapps are Rural Residential and
Conservancy. Reach 5 is Rural/Residential and Conservancy. The designation of the remaining
reaches (1 through 4 and 6) is Rural/Residential. Zoning and Comprehensive Plan designations
largely follow existing land use and are dominated by Moderate Density Single Family (88% or
higher in Reaches 1 through 4 and 6) and Rural 10 (99.5% in Reach 5) zoning.
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Existing and Potential Public Access Areas

Three public parks are located on the Lake Tapps shoreline: Lake Tapps North Park, Jenks Park
and Tapps Island Golf Course. North Lake Tapps Park is an 80-acre park with approximately
10,000 feet of waterfront access to Lake Tapps. The park includes a popular swimming beach,
seasonal concessions, a public boat launch, restrooms, and 3 miles of natural surface trails within
the park. Recent improvements to the park facilities include an improved boat trailer parking
area, two boat landing docks, and a boat wash off area. Jenks Park is located on the
southwestern side of Lake Tapps and is a small county park.

Historic and Cultural Resources

Cultural resources within the Lake Tapps shoreline planning area include recorded pre-contact
materials. Recorded artifacts include lithic scatters and charcoal deposits (DAHP, 2007).
Subsistence harvest of anadromous fish (salmon and trout) and supplemental hunting of upland
mammals occurred along nearby rivers and streams (DAHP, 2007).

Areas of Special Interest

Three suspected or confirmed hazardous waste facility sites are listed for Lake Tapps. Two
underground storage tanks (UST) are listed for Reach 5 — one for a grocery and one for Lake
Tapps County Park. Also a hazardous waste generator is listed for the Pierce County Fire
District 22 in this shoreline in Reach 1.

4.3.3.3 Reach Scale Assessment

Lake Tapps has been divided into six (6) reaches for this assessment. The six reaches are labeled
TAPP_LK_01 through TAPP_LK 06 in the GIS database. The total shoreline miles of Lake
Tapps within Pierce County jurisdiction is 35.9. Reaches are described in Table 4-6.

4.3.3.4 Restoration Opportunities

Cascade Water Alliance (CWA) and Puget Sound Energy have reached agreement on CWA'’s
purchase of Lake Tapps for recreation and water supply. The final purchase agreement was
approved in March 2008. Lake Tapps will be the single largest component of the Cascade water
supply system. The program will also provide for improved river flows in the White River to
enhance habitat for endangered fisheries. Pierce County has entered into a memorandum of
understanding with Cascade Water Alliance in August 2005. One action item in the MOU is to
protect and preserve the lake’s water quality from impacts from stormwater or other non-point
pollution sources. Web site: http://www.cascadewater.org/pro_tapps.htmi

Restoration opportunities may exist in parks and public lands such as Lake Tapps North Park.
Due to the presence of undeveloped lands in this county park, revegetation and restoration of
shoreline riparian habitat may be possible.
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Table 4-6. Reach summary for Lake Tapps

Reach
Reach Number | Reach Location | Length Land Use Description Modifications Unique Features Riparian
(miles)

TAPP_LK 01 Western lake shore, 0.27 Rural Residential, residential docks on Residential docks, Includes Bankers Forested riparian
from Bonney Lake almost every parcel; undeveloped land boat slips Island cover is lacking,
city limits to Sumner- off of 45" Street to Banker's Island.

Tapps Highway
TAPP_LK 02 Northwestern shore | 2.15 Rural Residential Residential docks Includes Island Forested riparian
boat slips Twenty-one and Deer | cover is lacking
Island; Dieringer
Flume

TAPP_LK_03 Northwestern shore 6.93 Rural Residential Residential docks, Includes Tacoma Forested riparian

boat slips Point. cover is lacking

TAPP_LK 04 Northern shore 0.28 Rural Residential Residential docks, Forested riparian

boat slips cover is lacking

TAPP_LK 05 Eastern shore 25.65 Rural Residential; Park lands Residential docks; Includes County Park | Forested riparian

transr_nsrsg_r;(lm; g Includes Island A and covertls_ Ia((::klngt,
c:ossmg, : ike hoa Island B and Scout exckep in County
along eastern shore Island park.

TAPP_LK_06 Southern shore 0.62 Rural Residential Residential docks Near Printz Basin Forested riparian

cover available in
area.
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4.4 Rivers, Shorelines of the State

44.1 Bear Creek
4.4.1.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Bear Creek lies within the Lower Carbon River basin (Basin 16 of the Pierce County Basin
Plan). Bear Creek is a three mile long tributary of Voight Creek and enters VVoight Creek on the
Left Bank (LB) at RM 6.6. Approximately 0.6 mile of Bear Creek qualifies as a Shoreline of the
State. A large wetland is identified in the Pierce County database at the confluence of Bear Creek
and Voight Creek. Based upon soils mapping, this associated wetland is possibly a peat-
dominated wetland that has developed in the alluvial floodplain of Bear Creek.

Geologic and Flood Hazards

Bear Creek drains the north side of Cowling Ridge and flows north to Voight Creek. Bear Creek
crosses alpine glacial deposits, volcaniclastic rocks and deposits, and Quaternary landslide and
peat deposits. A seismic hazard is associated with landslide deposits along the lower portion of
the creek. Flood hazards are identified for Bear Creek. Landslide hazards are unmapped for the
creek, but may exist given the presence of recent landslide deposits. Erosion potential exists in
the area of peat deposits near the confluence with VVoight Creek. A notable cliff feature lies to
the west of Bear Creek as viewed from 2006 aerial photographs.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Bear Creek does not provide habitat for any
salmonid species. Critical habitat for bull trout has been designated within Bear Creek (Federal
Register, 2005b). Priority habitats within or along Bear Creek include the Carbon River riparian
zones and the White River elk range. Anadromous fish passage into Bear Creek is not possible
due to impassable cascades located at RM 4.1 on Voight’s Creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Bear
Creek is not listed for any water quality impairments.

4.4.1.2 Shoreline Use Patterns

Bear Creek (1 reach) lies within forest resource lands outside of the Mount Baker-Snoqualmie
National Forest. The shoreline planning area surrounding the stream is characterized by forestry
resource land use owned in part by Hancock Forest Management. Gravel timber roads lie within
close proximity to Bear Creek and its associated peat wetlands. No levees or other significant
shoreline modifications are mapped.

The existing Shoreline Environment Designation of Bear Creek is Conservancy. County zoning
and Comprehensive Plan designations show existing land use as 100% Designated Forest Land.
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No existing or proposed points of public access occur along the stream. Cultural resources have
not been inventoried within the Bear Creek area. No areas of special interest within the Bear
Creek shoreline planning have been identified.

4.4.1.3 Reach Scale Assessment

Bear Creek is represented by one (1) shoreline reach - BEAR_CR_01. This reach is 0.6 mile
long, encompassing a short section at its confluence with Voight Creek.

4.4.1.4 Restoration Opportunities

Restoration opportunities include removal of gravel timber roads within the shoreline jurisdiction
and restoration of riparian areas along Bear Creek and its associated wetlands. No information is
available regarding the value of the associated peat wetland system or other restoration
opportunities needed to sustain wetland functions.

442 Canyon Creek Two
4.4.2.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Canyon Creek Two lies within the Upper White River basin (Basin 21). Canyon Creek flows
from Cedar Lake north and enters the White River west of the confluence with the Clearwater
River. There are no mapped wetlands associated with Canyon Creek Two.

Geologic and Flood Hazards

The geology in the drainage is dominated by volcanic and volcaniclastic rocks. The lower
portion of Canyon Creek crosses continental glacial soils. Hazards identified along Canyon
Creek include seismic and flood. Volcanic hazards are likely where the creek joins the White
River. Erosion potential exists near the creek headwaters.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Canyon Creek has a documented presence
of coho and winter steelhead in the lower reaches of the stream. Little stream complexity exists
within Canyon Creek and the seasonal flows within the creek are inadequate to allow access for
Chinook or steelhead to spawn (Marks et al., 2005). There are approximately 160 yards of
suitable spawning habitat in Canyon Creek.

There is one state priority habitat associated with Canyon Creek Two: the White River elk range
(WDFW, 2007a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Canyon
Creek Two is not listed for any water quality impairments.
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4.4.2.2 Shoreline Use Patterns

Canyon Creek Two lies outside of the Mount Baker-Snoqualmie National Forest in
unincorporated County forest resource lands. Gravel timber roads lie within close proximity to
the stream. No levees or other significant shoreline modifications are mapped along Canyon
Creek Two.

The County SMP does not provide a Shoreline Environment Designation for Canyon Creek Two.
County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. Due to the forest resource land use, no existing or proposed points of
public access occur along the stream. Cultural resources have not been inventoried within the
shoreline planning area.

4.4.2.3 Reach Scale Assessment

Canyon Creek Two is characterized by one (1) shoreline reach — CANY_CR_01. This reach is
similar in use and function to other streams in the Cascade foothills that are currently in forest
resource lands.

4.4.2.4 Restoration Opportunities

Restoration opportunities for Canyon Creek Two include riparian planting and reforestation, and
decommissioning or repair of logging roads to prevent sedimentation into the stream.

4.4.3 Carbon River

Carbon River lies within both the Lower Carbon River (Basin 16) and the Upper Carbon River
basins (Basin 24). The Carbon River is a major tributary to the Puyallup.

4.4.3.1 Physical and Biological Characterization
Processes and Channel Modifications

In general, the more remote and higher elevation Carbon River basin is less modified than its
neighboring river basins in WRIA 10. Key modifications include:

e Land cover conversion from forest to harvested forest, pasture, or limited urban land uses
which can changed timing, volume, and quality of runoff;

« Installation of roads to support Mount Rainier National Park and environs (Kerwin,
1999a);

« Installation of levees in the broad valley in the lower 8 miles of the Carbon; and
« Installation of forest roads with associated culvert crossings over streams.
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Drainage Basin, Tributary Streams and Associated Wetlands

The Carbon River sub-basin covers 230 square miles. The Carbon River is a glacial fed tributary
of the Puyallup River basin that contributes approximately 30% of the Puyallup River flow
(Kerwin, 1999a). The Carbon River flows for about 32 miles, from the Carbon and Russell
glaciers on Mount Rainier. It has 19 tributary streams and is thought to represent the largest and
most productive habitat available for natural salmonid production in the entire Puyallup River
basin (Kerwin, 1999a).

The river is divided into two sub-basins: the Upper Carbon River sub-basin and the Lower
Carbon River sub-basin. The Upper Carbon River reach is the segment of the river upstream of
177th Street East (RM 8.5) to the headwaters. The Lower Carbon River reach is the segment of
the river downstream of 177th Street East to the confluence with the Puyallup River.

Approximately 2.4 acres of wetlands are mapped within the floodplain of the Carbon River.
Most of the mapped wetlands are small and scattered and are located near the confluence of the
Carbon and Puyallup rivers. Wetlands mapped within the sub-basin make up less than 1% of the
Carbon River shoreline planning area.

Geologic Hazards

The Carbon River flows from the Carbon Glacier on the northwest slope of Mount Rainier to its
confluence with the Puyallup River northwest of Orting, Washington. The Carbon River flows
through a wide range of geologic terrains. In its steep upper reaches, it flows over dominantly
volcanic and volcaniclastic rocks as well as deposits of alpine glaciers and debris flows. It then
courses through low-lying valleys principally composed of volcanic mudflow, ice-sheet, and
recent river deposits. Hazards identified along the Carbon River include seismic, flooding,
landslide and volcanic. Discrete areas of erosion potential and steep slopes are also identified.

Flood Hazards

The Federal Emergency Management Agency (FEMA) has prepared Flood Insurance Rate Maps
(FIRMs) that include the Carbon and its main tributaries. For much of the higher gradient
portions of the Upper Carbon, it appears that flooding width will be limited by the relatively
narrow valley morphology. There are areas where a wider alluvial valley has formed in lower
slope reaches. The floodplain is typically wider in these reaches, including the broad valley
directly upstream from Orting.

Significant flooding occurred in the Upper Carbon basin in the national park during November
2006. Flooding has damaged significant areas of roads, trails, and other park infrastructure. The
park service estimated that approximately $36 million worth of damage occurred as a result of
flooding (National Park Service Press Release January 12, 2007).

A USGS study suggested that the Lower Carbon River levee system will not be able to withstand
flows near the 100 year recurrence interval flow (Prych, 1988). Failure of the levee system
would have significant flooding consequences for the City of Orting.
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In general, the resolution of flood mapping reduces with distance upstream, especially in the
smaller tributary streams. Site specific investigation would be necessary to better establish
flooding regimes in the upper watershed.

Critical or Priority Habitat and Species Use

The Carbon River supports bull trout/Dolly Varden, winter steelhead, fall Chinook, fall chum,
cutthroat trout, and coho. Fish distribution maps (WDFW, 2007b) indicate that bull trout/Dolly
Varden has a documented presence throughout the river, with small segments of spawning
habitat that can be found between Evans Creek (to the west) and Spukwush Creek (to the east).
Winter steelhead also have a documented presence within the Carbon River, with segments of
spawning habitat from Orting east to near Carbonado, and another segment within the vicinity of
Evans and Tolmie Creeks (WDFW, 2007b). The Carbon River also has a documented presence
of fall Chinook, with a small spawning area near Orting, and a documented presence of coho
with spawning areas near Orting and east of Carbonado, as well as areas of rearing habitat. Fall
chum are supported by spawning and rearing habitat within the river. Pink salmon have rearing
habitat designated within the river. Critical habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia ESU coho salmon is a species of concern, and therefore, does not have
critical habitat designated. Puget Sound ESU Chinook salmon and bull trout have critical habitat
designated within the Carbon River (Federal Register, 2005a; 2005b).

The Carbon River provides excellent spawning and rearing opportunities for salmon and
steelhead, and the majority of the spawning for all species takes places within the lower 11 miles
of the river (Marks et al., 2005).

There are several priority habitats and species associated with the Carbon River. These habitats
include the following: Carbon River bald eagle wintering areas; Carbon River riparian habitat;
open space (UNQOS), including Puyallup steep slopes and candidate open space areas; the Little
Puyallup riparian zone; Carbon River wetland areas; the White River elk range; elk damage
areas; the Carbon River riparian zone; and several Carbon River harlequin duck breeding areas
(WDFW, 2007a).

Instream and Riparian Habitats

The discussion of instream and riparian habitats for the Carbon River will be divided into the
Upper Carbon River and the Lower Carbon River.

Upper Carbon River

The majority of the Upper Carbon River is comprised of unstable, braided channels with bedload
consisting of large rubble, boulders, and pockets of fine-sorted materials. Hardwoods dominate
the riparian corridors, and there is an overall lack of large woody debris (LWD) within the upper
river. This lack of LWD is thought to be a limiting factor in providing channel stability and
habitat needed for successful salmonid production (Kerwin, 1999a). The reach above South
Prairie Creek (RM 6.0 to RM 8.5) is constrained by both dikes and bluffs on the north side
(Marks et al., 2005). Above RM 8.5, the river flows through a narrow canyon before becoming
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freely flowing outside the boundary of Mount Rainier National Park. Within this reach, both
Chinook and steelhead spawning occur.

Lower Carbon River

The lower 3 miles of the river are constrained by earthen dikes, and the channel varies greatly in
width. The channel within this section is characterized as being only moderately diverse with a
pool riffle character (Marks et al., 2005). There is a lack of LWD in the lower reaches of the
Carbon River.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the
Carbon River has six Category 1 listings for water quality impairment: ammonia-N, arsenic,
dissolved oxygen, fecal coliform, pH, and temperature.

The only known water quality issue for the Upper Carbon River is the Carbonado wastewater
sewage treatment plant, which has undergone system upgrades to address violations (Kerwin,
1999a).

4.4.3.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Carbon River (Reaches 1 through 8) passes through rural and agricultural areas in the lower
reaches, and active timberland in the upper reaches. Reach 2 passes through the City of Orting
with associated urban residential development. The shoreline planning area surrounding the
Carbon River is characterized by rural, vacant (unused), and agricultural development patterns in
the lower reaches, with forest resource uses occurring predominantly from Reach 5 and
upstream.

Portions of roadways parallel the Carbon River, and several roadway bridge and major utility
crossings occur. Major overhead powerlines cross the river in Reach 2.

Shoreline modifications

Levees are mapped within Carbon River Reaches 1 and 2, as the river is in close proximity to the
City of Orting and surrounding residential development. Above the City of Orting, levees are
not mapped within Reaches 3, 4, 6, 7 and 8. Within Reach 4, as the river passes through
Carbonado, levees are intermittently mapped along the river, primarily on the northeast bank.

Levee repair was required in November 2008 on the Carbon River within several sections of
Pierce County. Pierce County Surface Water Management crews worked on damaged levees
south of Orting and to protect the Foothills Trail to repair damage from November storms
(http://www.thenewstribune.com/news/local/story/542564.html).
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Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing Shoreline Environment Designation of the Carbon River includes Rural in Reach 1,
Conservancy in Reach 2, a mix of Rural and Conservancy in Reaches 3 and 4, and a mix of
Rural, Conservancy, and Natural in Reach 5. The portion of Reach 6 that is mapped has a
Shoreline Environment Designation of Conservancy. Reaches 7 and 8 do not have a Shoreline
Environment Designation. County zoning and Comprehensive Plan designations largely follow
existing land use patterns, and are dominated by Rural 10 and Designated Forest Land (100% in
Reach 7 and 8). Reach 2 is dominated by Employment Based Planned Community zoning. The
Carbon River passes outside the UGA, however the majority of Reach 1 is inside the UGA.

Existing and Potential Public Access Areas

The Carbon River is a popular destination for white-water river rafting. Several sections of the
river are rated from Class Il to V and are used by kayakers and rafts. The Carbon River Road is
a main entrance to the Mount Rainier National Park and to access Mowich Lake. This road
sustained heavy damage during the November 2006 floods and is currently being repaired.

The Pierce County Parks Foothills Trail also provides public access to the Lower Carbon River.
The Foothills Trail is 15 miles long from Meeker through McMillin and Orting to South Prairie.
The McMillin Trailhead is a popular starting spot for bikers, skaters and walkers. This 2.3 mile
section is parallel to SR 162 and runs through Orting. The McMillin trailhead is located near the
confluence of the Puyallup and Carbon rivers. The trail also crosses the Carbon via a trestle in

the Orting to South Prairie section.

Pierce County Parks recently purchased 700 acres of potential park land along the Carbon River
in two sections. One property is 500 acres just upstream from the Town of Carbanado. The
second property is a 200 acre piece farther upstream on the Carbon near Mount Rainier National
Park. Pierce County bought the parcels from Plum Creek Timber and Cascade Land
Conservancy. Feasibility studies on the parcels are expected to occur in 2007.

Historic and Cultural Resources

Cultural resources within the Carbon River shoreline planning area include recorded pre-contact
materials and campsites. Native American use of the Middle Puyallup area, by the Puyallup
Tribe, included seasonal hunting and gathering campsites near the Puyallup, with the same use
patterns seen as described in the Lower Puyallup description. Recorded artifacts include lithic
scatters, charcoal deposits, and calcined bones (DAHP, 2007). Subsistence harvest of
anadromous fish (salmon and trout) and supplemental hunting of upland mammals occurred
along the Middle Puyallup and throughout the watershed (DAHP, 2007).

Areas of Special Interest

Several suspected or confirmed contaminant sites have been identified by Ecology along the
Carbon River and within its shoreline planning area. In Reach 2, an underground storage tank
(UST) is listed associated with a bus garage. In Reach 3, an emergency and hazardous chemical
report was filed for the Orting Wastewater Treatment Plant. In Reach 4, two inactive hazardous
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waste generators are listed near Orting. Also in Reach 4, the Washington Ecology Drug Lab has
an active listing for a waste generator. In Reach 5, an old landfill referred to as the Carbonado
dump is located on the top of the steep bluff above the river near Carbonado (TPCHD, 2006).
This closed landfill has the potential for release of leachate into the river.

4.4.3.3 Reach Scale Assessment

Carbon River has been divided into eight (8) shoreline reaches (see Table 4-7). This results in a
total of 26.3 miles of Carbon River shoreline within County jurisdiction. Reaches are labeled
CARB_RV_01 through CARB_RV_08 beginning in the Lower Carbon and moving upstream to
its headwaters at the Mount Baker Snoqualmie National Forest. Sections of Carbon River within
the Mount Rainier National Park are not included in this inventory.

4.4.3.4 Restoration Opportunities

Restoration opportunities for the Carbon River include actions in the upper river watershed such
as: 1) reforestation of riparian areas along the tributaries where timber harvest has removed trees
and replanting has not occurred, and 2) decommissioning unused timber roads and culvert
removal. Pierce County has applied for funding from the Washington Wildlife and Recreation
Coalition to complete acquisition of conservation easements on riparian habitat between Orting
and South Prairie (WWRP, 2008).

In 2006, Pierce County purchased 700 acres along the Carbon River to protect a three-mile
stretch of old-growth forest and pristine fish and wildlife habitat (Tacoma News Tribune, 2006).

Opportunities in the lower river watershed include: 1) planting of trees in non-vegetated riparian
areas, and 2) softening of levees or levee setback projects. The main opportunity for the Carbon
River is protection of the existing channel migration zone, in-stream habitat, and water quality.
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Table 4-7. Reach Summary for Carbon River

Reach
Reach . . e : L
Number Reach Location Length Land Use Descriptions Modifications Unique Features Riparian Zone
(miles)
CARB_RV_01 Puyallup River 0.95 Rural residential, with agricultural 100% of reach Active channel is 180 to 230 ft | Riparian Zone is 40 to
confluence to Orting lands on the east bank. McCutcheon has levees wide. 100 ft wide.
Road E runs parallel on the east bank.
CARB_RV_02 Orting area 0.73 Mix, urban areas. East river bank is 20% of reach has | Active channel is 220 to 260 ft | East slope has 200 ft
undeveloped, west bank is urban. levees wide. Orting WWTP lies in this | wide riparian zone.
reach. West bank has 50 to
100 ft zone.
CARB_RV_03 Orting to Voight Creek 1.46 Rural residential; East river slope is 79% of reach has | Active channel is 160 to 560 ft | East slope has 200 ft
confluence undeveloped. Foot Hills Trail enters levees wide (upstream of Bridge wide riparian zone.
Shoreline in Reach 3. Street SE). West is narrower.
CARB_RV_04 From Voight Creek to 1.75 Rural residential. Foot Hills Trail along | 90% of reach has | Active channel varies from 150 | Riparian zone is
South Prairie Creek Reach 4. SR 162 crosses Carbon levees to 690 ft wide. Gravel bars and | forested both sides.
confluence River just upstream of South Prairie vegetated islands.
Creek confluence.
CARB_RV_05 South Prairie Creek to 12.85 Forest Resource lands. Town of 17% of reach has | High channel sinuosity, Riparian zone is
Evans Creek confluence Carbonado. Fairfax Bridge and levees channel up to 600 ft wide in forested on both sides.
SR165 (Mowich Lake Road). lower reach. River enters No cut zone of 200 to
steep ravine and narrows to 300 feet.
80 ft wide near Carbonado.
CARB_RV_06 Evans to Tolmie Creek 3.66 Forest resource land uses No levees No aerial photo data.
confluence
CARB_RV_07 Tolmie to Cayada Creek | 3.86 Forest resource land uses, partly in No levees Carbon River Road runs No data.
National Forest land parallel to river, provides
access the National Park
CARB_RV_08 Upstream of Cayada to 1.02 Forest resource land uses, partly in No levees No data.
National Park National Forest land
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4.4.4  Cayada Creek
4.4.4.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Cayada Creek lies within the Upper Carbon River basin (Basin 24). Cayada Creek is a 3.7 mile
long tributary to the Carbon River, entering on the right bank (RB) at RM 25.6. There are no
mapped wetlands in this shoreline planning area.

Geologic and Flood Hazards

Cayada Creek has its headwaters at Copay Lake, north of the Carbon River, and enters the north
side of the Carbon River west of Chenuis Falls. Cayada Creek has steep valley walls that expose
intrusive igneous rock. Local deposits of alpine glacial soils are present in the upper portion of
Cayada Creek. Flood hazards are currently unmapped for Cayada Creek, but are possible given
the creek’s mountainous catchment area. The creek enters an area of identified volcanic hazards
near its confluence with the Carbon River.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Cayada Creek does not provide habitat for
any salmonid species. There are no priority habitats associated with Cayada Creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Cayada
Creek is not listed for any water quality impairments.

4.4.4.2 Shoreline Use Patterns

Cayada Creek (1 reach) lies outside of the Mount Baker-Snoqualmie National Forest within two
County in-holding sections. The creek flows from the Cascade foothills to the north of Mount
Rainier. The shoreline planning area surrounding the stream is characterized by forestry
resource land use. Gravel timber roads lie within close proximity to the stream. No levees or
other significant shoreline modifications are mapped along Cayada Creek.

The County SMP does not provide a Shoreline Environment Designation for Cayada Creek.
County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. Trails within the National Forest provide recreational access to the
shoreline. Cultural resources have not been inventoried within the Cayada Creek area.

4.4.4.3 Reach Scale Assessment

Cayada Creek is represented by one (1) reach — CAYA_CR_01. This reach is 1.68-miles long.
This stream lies in checkerboard private timber lands internal to the National Forest.
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4.4.4.4 Restoration Opportunities

Restoration opportunities for Cayada Creek include reforestation of riparian areas and
decommissioning of gravel timber roads. Also, removal or replacement of failing culverts would
serve to protect water quality in the creek.

4.45 Chenuis Creek
4.4.5.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Chenuis Creek lies within the Upper Carbon River basin and entirely within the Mount Baker-
Snoqualmie National Forest. Chenuis Creek is a 6.9-mile long tributary to the Carbon River that
enters the Carbon on the RB at RM 27.2. There are no mapped wetlands associated with
Chenuis Creek.

Geologic and Flood Hazards

Chenuis Creek flows north through a narrow valley from Chenuis Mountain, and then turns west
before joining the Carbon River at Chenuis Falls. Chenuis Creek has steep valley walls that
expose both intrusive and extrusive igneous rock. The creek crosses at least one area of
Quaternary alluvium. A seismic hazard is associated with the alluvial deposits. Flood hazards
are currently unmapped for Chenuis Creek, but are possible given the river’s mountainous
catchment area. The creek enters an area of identified volcanic hazards near its confluence with
the Carbon River.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Chenuis Creek does not provide habitat for
any salmonid species. Critical habitat has been designated for bull trout within Chenuis Creek
(Federal Register, 2005b). According to PHS data, there is no record of priority habitats
associated with Chenius Creek (WDFW, 2007a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Chenius
Creek is not listed for any water quality impairments.

4.4.5.2 Shoreline Use Patterns

Chenuis Creek (1 reach) lies within the Mount Baker-Snoqualmie National Forest. The shoreline
planning area surrounding the stream is characterized by forestry resource land use. Gravel
timber roads lie within close proximity to the stream. No levees or other significant shoreline
modifications are mapped along Chenuis Creek.
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The County SMP does not provide a Shoreline Environment Designation for Chenuis Creek.
County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land.

No existing or proposed points of public access occur along the stream; however, trails within
the National Forest may provide access. Cultural resources have not been inventoried within the
Chenuis Creek planning area.

4.4.5.3 Reach Scale Assessment

Chenuis Creek contains one (1) reach (CHEN_CR_01) that is 6.9 miles long. Chenuis Creek lies
entirely within forest resource lands of the National Forest.

4.4.5.4 Restoration Opportunities

Restoration opportunities for Chenuis Creek include reforestation of riparian areas and
decommissioning of gravel timber roads. Also, removal or replacement of failing culverts would
serve to protect water quality in the creek.

44.6 Clarks Creek
4.4.6.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Clarks Creek is a tributary to the Puyallup River that lies within the Clear/Clarks Creek basin
(Basin 3 in the County Basin Plan). The Clarks Creek basin drains approximately 6.5 square
miles, and 39% of the basin lies within the City of Puyallup. Clarks Creek originates in wetlands
located south of 96th Street and east of Fruitland Avenue East, and is fed largely by Maplewood
Springs. Clarks Creek flows in a generally northwestern direction from Maplewood Springs in
the City of Puyallup, through a steep canyon to the Puyallup River floodplain where it passes
through the WDFW fish hatchery. Once it has reached the Puyallup River floodplain, Clarks
Creek continues north until it joins the Puyallup River at river mile (RM) 5.8 (Pierce County,
2006a).

The major tributaries to Clarks Creek include: Rody Creek, Meeker Ditch, Diru Creek, and
Woodland Creek (Pierce County, 2006a). The Rody Creek drainage area is approximately 1.2
square miles and the creek is used by a few coho and steelhead, as well as a large number of
chum spawners (Pierce County, 2006a). Meeker Ditch flows within the City of Puyallup and
joins Clarks Creek above the developed portion of DeCoursey Park. Diru Creek has a drainage
area of 1.3 square miles and the Puyallup Tribe maintains a fish hatchery at the mouth of Diro
Creek. It joins with Clarks Creek north of Pioneer Way. The Woodland Creek drainage area is
approximately 1.8 acres in size and the majority of the upper channel is a roadside drainage
ditch, and other sections of the stream are channelized and piped (Pierce County, 2006a).
Woodland Creek joins with Clarks Creek near DeCoursey Park.
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Riparian wetland habitat is mapped along Clarks Creek, upstream of the Burlington Northern
railroad crossing. These wetlands are associated with Clarks Creek and cover approximately 3%
of the stream’s shoreline planning area.

Geologic and Flood Hazards

Clarks Creek drains northward over a glacial drift plain west of Tacoma, drops down to the flood
plain of the Puyallup River, and crosses flat-lying alluvial deposits until connecting with the
Puyallup River. The creek passes through areas identified as having landslide, flood, seismic,
and volcanic hazards, as well as erosion potential and steep slopes. Clarks Creek lies within an
aquifer recharge area.

Flooding occurs frequently within the Clarks Creek basin and has been a concern to the City of
Puyallup. One reason for the flooding is the reduced conveyance in the creek channel caused by
the non-native, invasive aquatic plant Elodea. There is an annual weed removal program for this
species.

Critical or Priority Habitat and Species Use

Clarks Creek provides habitat for coho, fall chum, pink salmon, winter steelhead, and fall
Chinook. Fish distribution maps (WDFW, 2007b) indicate that Clarks Creek provides rearing
habitat for coho. Fall chum and fall Chinook are supported by a small area of rearing habitat and
a large segment of spawning habitat that spans nearly the entire length of the creek (WDFW,
2007b). Pink salmon have a documented presence within Clarks Creek and winter steelhead are
supported by spawning habitat within the creek. Critical habitat for these species is discussed
below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia ESU coho salmon is a species of concern, and therefore, does not have
critical habitat designated. Puget Sound ESU Chinook salmon has critical habitat designated
within Clarks Creek (Federal Register, 2005a). The even and odd year ESU pink salmon do not
have ESA critical habitat (NOAA, 2007). The Puget Sound/Strait of Georgia ESU chum salmon
does not warrant an ESA listing and therefore, does not have critical habitat (NOAA, 2007).

The Clarks Creek basin supports Chinook, coho, and chum salmon; as well as steelhead and
cutthroat trout. The Clarks Creek mainstem contains almost the entire spawning and rearing
habitat in the basin (Pierce County, 2006a). Excellent spawning and rearing conditions classified
as fair to good exist within the 0.5-mile-long reach between Maplewood Springs and Meeker
Ditch. Between 1,000 t03,000 chum, 300 to 500 coho, 300 Chinook, and 100 steelhead spawn in
this stretch of the stream (Pierce County, 2006a).

There are several hatcheries located on Clarks Creek and its tributaries. The Puyallup Tribe
Hatchery is located on Diru Creek near Pioneer Way and produces 400,000 Chinook sub-
yearling smolts, 200,000 of which are released into Diru Creek (Pierce County, 2006a). The
Puyallup Tribe of Indians Clarks Creek Salmon Hatchery is located at RM 1.0 on Clarks Creek
and one of its focus areas is to create an independent and self-sustaining fall and spring Chinook
program (Marks et al., 2005). The Puyallup Tribe is constructing another rearing facility on
Clarks Creek near its existing hatchery located about a half mile from the mouth of Clarks Creek.
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WDFW also has a hatchery at Maplewood Springs on Clarks Creek. This hatchery primarily
raises catchable-size rainbow trout, but also raises Chinook. In addition, about 400,000 to
500,000 steelhead smolts are reared at the WDFW hatchery (Pierce County, 2006a).

Clarks Creek flows through the Lower Puyallup riparian zone, a priority habitat, which provides
protection of trout and steelhead habitat.

Instream and Riparian Habitats

Clarks Creek has a narrow riparian corridor within the ravine areas of the basin. Riparian
vegetation is dominated by salmonberry, maple and alder (Marks et al., 2005). Downstream of
DeCoursey Park in the City of Puyallup, there is hardly any riparian corridor present.

Suitable spawning gravels are present in a 1,600-foot-long section adjacent and below the
WDFW Hatchery. This short reach has high quality spawning habitat and thousands of salmon
are known to use this area for spawning each year (Pierce County Public Works & Utilities,
2006b). Approximately 3,300 feet of Clarks Creek is classified as pool habitat, and the majority
of the stream downstream of the WDFW hatchery is classified as glide habitat (Pierce County,
2006a). Approximately seven pieces of large woody debris (LWD) has been recorded per mile.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Clarks
Creek has two 303(d) listings (Category 5) for water quality impairment: fecal coliform and pH.
In addition, Clarks Creek also has one Category 2 listing for dissolved oxygen, and one Category
1 listing for temperature (Ecology, 2004b).

Clarks Creek is overly acidic, a condition caused by excess nutrients. There are three primary
potential sources of nutrients: 1) groundwater sources of the base flow for the creek; 2) WDFW
Puyallup Hatchery; and 3) the decay of aquatic vegetation (Pierce County, 2006a).

High levels of nitrogen are found in Clarks Creek due to high nitrogen levels present in the
groundwater that feeds the creek. The upper reaches of Clarks Creek have been found to have
relatively low fecal coliform counts, while the downstream areas (through DeCoursey Park in
Puyallup) were found to have a very high level of fecal coliform. The large population of
wildlife comprised of ducks and geese in this area are a likely source of the fecal coliform
(Pierce County, 2006a). The City of Puyallup has sponsored a pollution reduction study that will
lead to a fecal coliform TMDL for the Clarks Creek basin and an associated cleanup action plan.

Ecology and the local advisory group developed a draft TMDL water quality improvement report
(WQIR), which was approved by EPA in June 2008 (Hoffman et al., 2008). The implementation
strategy section of the WQIR includes a list of items that the advisory committee identified to
reduce fecal coliform bacteria and improve water quality. A detailed implementation plan is
currently underway.

The Department of Ecology rates Clarks Creek as fishable, but not swimmable, and lists
nutrients and pathogen indicators are likely causes of non-attainment (Pierce County, 2006a).
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4.4.6.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Clarks Creek flows generally to the southeast for approximately 2.3 miles, above its confluence
with the Puyallup River (in Puyallup River Reach 1). The lower two-thirds of the creek pass
through areas with predominantly moderate density single-family residential land use. A
vegetated riparian buffer around Clarks Creek is largely maintained throughout the residential
areas. The upper third passes through agricultural lands. There are two bridges over Clarks
Creek and two lane surface roads parallel portions of the stream.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing SMP Shoreline Environment Designation of Clarks Creek is rural. Zoning and
Comprehensive Plan designations largely follow existing land use and are dominated by
Moderate Density Single Family and Agricultural Resource Land.

Existing and Potential Public Access Areas

No parks are provided within the Clarks Creek shoreline in unincorporated Pierce County. A
city-owned park, Clarks Creek Park, is located within the city of Puyallup at the upper reaches of
the creek. More information on this park can be found in the City of Puyallup Shoreline
Inventory & Characterization (ESA Adolfson, 2007).

Historic and Cultural Resources

Cultural resources within the Clarks Creek shoreline planning area include recorded pre-contact
materials and campsites. Native American use of the Clarks Creek area, by the Puyallup Tribe,
included seasonal hunting and gathering campsites near Clarks Creek. Recorded artifacts
include lithic scatters, charcoal deposits, and calcined bones (DAHP, 2007).

Areas of Special Interest

One suspected site of contamination is noted in Clarks Creek. There is an emergency and
hazardous chemical report listed for the Amerigas Company in Puyallup.

4.4.6.3 Reach Scale Assessment

Clarks Creek is represented by one (1) reach — CLAR_CR_01. This reach lies immediately
outside of the City of Puyallup’s urban growth boundary. This reach is 2.36-miles long.

4.4.6.4 Restoration Opportunities

Restoration of Clarks Creek includes reduction of nutrient input and non-point source pollutants
in order to restore water quality in the creek. The Water Quality Improvement Report published
by Ecology in 2008 provides implementation measures for restoring water quality in Clarks
Creek. In addition, removal of invasive aquatic plants should continue to improve and maintain
in-channel habitat.
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Placement of log weirs and in-stream restoration has occurred in the past using U.S. Fish and
Wildlife Service grant funds. Partners in the Clarks Creek stream restoration included: Pierce
Conservation District, South Puget Sound Salmon Enhancement Group, U.S. Fish and Wildlife
Service, City of Puyallup, Puyallup Tribe, and Washington Department of Fish and Wildlife
(http://wdfw.wa.gov/fish/chum/viewingchum_clark.htm). The Clarks Creek Initiative
Partnership has also focused on restoration of riparian habitat and water quality on the creek.
Tree planting and invasive removal has been conducted in the past. In 2009, approximately 100
feet of Woodland Creek will be day-lighted and riparian plantings installed near its confluence
with Clarks Creek. A more comprehensive stream restoration project is planned by Pierce
County in 2011.

4.4.7 Clearwater River
4.4.7.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

The Clearwater River is located in the Upper White River basin. The Clearwater River is a large
tributary to the White River, and has its origins on Bear Head Mountain. After leaving Bear
Head Mountain, the river flows for approximately 10.5 miles until its confluence with the White
River at RM 35.3. The upper 5 miles of the river flow through the Mount Baker-Snoqualmie
National Forest, and the lower 5.8 miles flow through the White River tree farm which has
affected the natural channel morphology of the river, due to timber harvesting and logging roads
(Marks et al., 2008). There are several tributaries to the Clearwater River, including Fall,
Mineral, Bryon, Lyle and Milky Creeks.

There are no wetlands mapped associated with Clearwater River and this shoreline planning area.
Geologic and Flood Hazards

The Clearwater River flows north from its headwaters north of Frog Mountain, and connects
with the White River east of Mud Mountain Lake. The drainage extends through zones of
volcanic and volcaniclastic rock, alpine glacial deposits, lahar deposits, and Quaternary talus and
alluvium. A seismic hazard is associated with alluvial deposits along the Clearwater River.
Flood hazards are identified for approximately the lower half of the river. The river enters an
area of identified volcanic hazards near its confluence with the White River.

Critical or Priority Habitat and Species Use

The Clearwater River supports spring Chinook, bull trout/Dolly Varden, coho, pink salmon, and
winter steelhead. Fall chum have a potential presence within the river. Fish distribution maps
(WDFW, 2007b) indicate that spring Chinook spawning habitat designated within the river. Bull
trout/Dolly Varden have a documented presence in the upstream portion of the river where it
meets the White River, and a presumed/undetected presence in the lower portion. The
Clearwater River provides spawning habitat for coho. Coho and winter steelhead have spawning
and rearing habitat designated within the Clearwater River. Critical habitat for these species is
discussed below.
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Puget Sound ESU Chinook salmon and the Dolly Varden/bull trout have critical habitat
designated within the Clearwater River (Federal Register, 2005a; 2005b).

There are a series of cascades located at RM 4.5 that may serve to impede further upstream
migration of the spawning species present within the river. The majority of the spawning within
the river occurs in the lower 2 miles (Marks et al., 2005).

The priority habitats present within or along the Clearwater River include the White River elk
range and the White River elk winter area, the White River riparian zone, and the Green River-
White River harlequin habitat (WDFW, 2007a). In addition, there is one spotted owl site within
the river, and another one within 1,400 feet from the river. Two marbled murrelet sites were
documented over 2,000 feet from the Clearwater River.

Instream and Riparian Habitats

As stated above, the upper five miles of the Clearwater River pass through the Mount Baker -
Snoqualmie National Forest and the lower 5.8 miles flow through the White River tree farm.
Logging activities and construction of logging roads have altered the natural morphology of the
mainstem along the lower reaches. Riparian vegetation in this area is typically second-growth
coniferous forest with active timber harvesting (clearcutting). The upper reaches are
characterized by coniferous mid-seral forest. LWD recruitment is overall undersized and
hardwood in origin, but present along the mainstem. Channel substrate in the Clearwater River
is a combination of cobbles and flat angular stone, with smaller gravel in riffles and side
channels (Marks et al. 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the
Clearwater River has one 303(d) listing (Category 5 listing) for water quality impairment for
temperature. In addition, the Clearwater River has one Category 2 listing for bioassessment
(Ecology, 2004b).

4.4.7.2 Shoreline Use Patterns

The Clearwater River (1 reach) lies both within and outside of the Mount Baker-Snoqualmie
National Forest. The shoreline planning area surrounding the stream is characterized by forestry
resource land use. There are no paved roadways within the shoreline planning area; although
gravel timber roads lie within close proximity to the stream. No levees or other significant
shoreline modifications are mapped.

The existing Shoreline Environment Designation of the Clearwater River is Conservancy, where
it is mapped. County zoning and Comprehensive Plan designations show existing land use as
100% Designated Forest Land. Public access to the Clearwater River is provided through
recreational trails within the National Forest. Trails are also located within the Clearwater
Wilderness Area.
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4.4.7.3 Reach Scale Assessment

Clearwater River has been assessed using two designated reaches — CLEA_RV_01 and
CLEA_RV_02 for a total of 9.6 miles of shoreline (Table 4-8). Both reaches lie with forest
resource land; however, Reach 2 lies almost entirely within National Forest, whereas Reach 1 is
within unincorporated Pierce County.

4.4.7.4 Restoration Opportunities

Restoration opportunities for the Clearwater River include placing large wood in the stream,
removing forest roads, and re-planting riparian zones where logging has occurred.
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Table 4-8. Reach assessment for Clearwater River

Reach Number

Reach Location

Reach
Length
(miles)

Land Use Description

Modifications

Unique Features

Riparian Zone

CLEA RV 01

Upstream from
White River to Milk
Creek Confluence

5.33

Forest resource lands, White River tree
farm

Logging, sediment
transport from logging
roads

High channel
sinuosity

Riparian zone is
forested based upon
2006 aerial photos.

CLEA RV_02

Upstream from Milk
Creek

4.31

Forest resource lands with notable
clearcuts and logging in the basin;
National Forest lands and partially in
Clearwater Wilderness Area.

same

Clearcuts and timber
harvest in the upper
watershed.

Forested riparian
zone varies in width
due to logging.
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4.4.8 Deer Creek
4.4.8.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Deer Creek lies within the Upper Puyallup River basin, which is Basin 22 in the countywide
basin plan. Deer Creek is a tributary of the Upper Puyallup River (RM 45.7), located
approximately 0.6 miles below Swift Creek. Almost the entire creek flows within the Rainier
Timber-Kapowsin tree farm, at which logging roads and timber harvesting have historically
impacted portions of the stream (Marks et al., 2005).

No wetlands are mapped in the Deer Creek shoreline planning area.
Geologic and Flood Hazards

Deer Creek flows from a mountainous area west of the South Puyallup River, and connects with
the Puyallup River north of its confluence with Swift Creek. Most of the drainage exposes
sedimentary rock on steep valley walls. At the confluence with the Puyallup River, the valley
floor of Deer Creek consists of alpine glacial and landslide deposits. A seismic hazard is
associated with the landslide deposits. Flood hazards are identified for Bear Creek. The creek
enters an area of identified volcanic hazards near its confluence with the Puyallup River.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Deer Creek has a documented presence of
fall Chinook and coho. Fall Chinook have spawning habitat designated in Deer Creek. In
addition, Dolly Varden/bull trout are supported within the stream. The Puyallup Tribal Fisheries
indicate that Deer Creek is part of the surplus adult Chinook and coho planting program and is
one of the few streams in late summer and early fall that contains adequate flow to plant adult
Chinook (Marks et al., 2005). Surplus adult Chinook are planted in late summer to early fall,
and when available, coho is planted in late fall. Deer Creek is listed as having critical habitat for
bull trout and Puget Sound ESU Chinook.

In terms of priority habitats, Deer Creek flows through a harlequin duck breeding site toward the
middle of the stream. The northern segment of the stream flows into the White River elk range.

Instream and Riparian Habitats

A vegetated buffer zone currently exists along the majority of the creek. The creek is confined
by moderate to steep walls and there is a falls located at RM 2.7 which impedes passage (Marks
et al., 2005). The lower 1.5 miles of stream has a moderate gradient with numerous pools and
substrate that provides for spawning.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Deer
Creek is not listed for any water quality impairments.
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4.4.8.2 Shoreline Use Patterns

Deer Creek lies west of Mount Rainier National Park and outside of the National Forest in
County forest resource lands. There are no paved roadways within the shoreline planning area;
although gravel timber roads lie within close proximity to the stream. No levees or other
significant shoreline modifications are mapped.

The County SMP does not currently provide a Shoreline Environment Designation for Deer
Creek. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. Trails within the National Forest may provide public access and
recreational opportunities.

4.4.8.3 Reach Scale Assessment

Deer Creek has one (1) reach identified —- DEER_CR_O01. This reach is similar in use and
function to other creeks within County forest resource lands.

4.4.8.4 Restoration Opportunities

Restoration opportunities for Deer Creek include decommissioning or repairing logging roads to
prevent sedimentation into the stream, planting trees in the riparian zones, and removing failing
culverts.

4.49 East Fork South Prairie Creek
4.4.9.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

East Fork South Prairie Creek lies within the South Prairie basin (Basin 7). The East Fork of
South Prairie Creek originates from commercial timber lands and the Clearwater National
Wilderness Area controlled by the USFS. East Fork is a tributary to South Prairie Creek in its
upper watershed. No wetlands are mapped in this shoreline planning area.

Geologic and Flood Hazards

East Fork South Prairie Creek extends from the north side of Pitcher Mountain to its confluence
with South Prairie Creek. The drainage is established in dominantly volcanic rock from Mount
Rainier. Alluvium and Quaternary landslide deposits occupy the valley floors and localized
alpine glacial soils may be present on the ridge tops. A seismic hazard is associated with
landslide deposits along the creek. Flood hazards are currently unmapped for the creek, but are
possible given the creek’s mountainous catchment area. Landslide hazards are also unmapped,
but may exist given the presence of recent landslide deposits. The creek crosses several areas
mapped as having erosion potential.

Low-lying wet areas present in the valley floor in the upper reach of East Fork South Prairie
Creek indicate possible zones with low infiltration rates and high runoff potential.
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Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that the East Fork South Prairie Creek does not
provide spawning habitat for any salmonid species. The western half of the East Fork of South
Prairie Creek flows through the White River elk range, a priority habitat.

Instream and Riparian Habitats

The headwaters of East Fork South Prairie Creek are located on commercial timber lands owned
by Weyerhauser, Plum Creek, and Champion Pacific as well as the Clearwater National
Wilderness Area regulated by the USFS. Timber harvesting has removed much of the riparian
vegetation along the stream corridor and therefore opportunities for substantial LWD recruitment
are limited (Kerwin 1999a).

Water Quality

Water quality data specific to the East Fork South Prairie is not available. However water quality
information for South Prairie Creek is provided in Section 4.4.36.

4.4.9.2 Shoreline Use Patterns

East Fork South Prairie Creek lies largely within unincorporated County lands, just outside the
Mount Baker-Snoqualmie National Forest. Private timber lands are the dominant land use type.
There are no paved roadways within the shoreline planning area; although gravel timber roads lie
within close proximity to the stream. No levees or other significant shoreline modifications are
mapped along the Creek. However, numerous clearcuts are visible on aerial photographs of the
basin, indicating that timber harvest has affected sediment transport and infiltration in the basin.

The County SMP does not provide a Shoreline Environment Designation for East Fork South
Prairie Creek. Comprehensive Plan designations show existing land use as 100% Designated
Forest Land. No public access is provided to East Fork South Prairie Creek.

4.4.9.3 Reach Scale Assessment

East Fork South Prairie Creek is represented by one (1) reach — EFSP_CR_01. This reach is
3.41 miles long.

4.4.9.4 Restoration Opportunities

Decommissioning or repairing logging roads to prevent sedimentation is the primary restoration
opportunity for East Fork South Prairie Creek.
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4.4.10 Eleanor Creek
4.4.10.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Eleanor Creek is located in the upper reaches of the Upper White River basin within National
Forest Lands. Eleanor Creek is a 4.1-mile long tributary to Huckleberry Creek, entering
Huckleberry Creek on the LB at RM 3.2.

There are no wetlands mapped in this shoreline planning area.
Geologic and Flood Hazards

Eleanor Creek drains Eleanor Lake on the north side of Mount Rainier and is a tributary of
Huckleberry Creek. The creek passes over alpine glacial deposits, Quaternary alluvium, and
volcanic rocks. A seismic hazard is associated with the alluvial deposits. Flood hazards are
currently unmapped for Eleanor Creek, but are possible given the river’s mountainous catchment
area.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that bull trout/Dolly Varden have an undetected
presence within the uppermost segment of Eleanor Creek. Critical habitat has not been
designated within Eleanor Creek. Anadromous fish are precluded from Eleanor Creek by
impassable cascades located near the confluence with Huckleberry Creek.

There are no state priority habitats located within or along Eleanor Creek. There is one spotted
owl site located over one mile east of the creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Eleanor
Creek has one Category 4A listing for coarse sediment.

4.4.10.2 Shoreline Use Patterns

Eleanor Creek lies entirely within the Mount Baker-Snoqualmie National Forest. The shoreline
planning area surrounding the stream is characterized by forestry resource land use. There are no
paved roadways within the shoreline planning area; although gravel timber roads lie within close
proximity to the stream. No levees or other significant shoreline modifications are mapped.

Due to its location in National Forest lands, the County SMP does not provide a Shoreline
Environment Designation for Eleanor Creek. County zoning and Comprehensive Plan
designations show existing land use as 100% Designated Forest Land. Trails within the National
Forest may provide public access and recreational opportunities to Eleanor Creek.
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4.4.10.3 Reach Scale Assessment

Eleanor Creek is represented by one (1) reach — ELEA_CR_01. This reach is 0.77 miles long.
The shoreline reach is generally in natural conditions with minor alterations to shoreline
function.

4.4.10.4 Restoration Opportunities

Restoration opportunities identified for Eleanor Creek include decommissioning or repair of
logging roads and re-vegetation of riparian zones.

4.4.11 Evans Creek
4.4.11.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Evans Creek lies within the Upper Carbon River basin. Evans Creek has its headwaters at the
west side of August Peak, and enters the south side of the Carbon River at Upper Fairfax (left
bank at RM 18.4). There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Evans Creek forms steep valley walls and exposed sedimentary rock in the lower reaches, and
intrusive igneous and volcanic rock and volcaniclastic deposits in the upper reaches. Alluvium
coats the valley floor, and local alpine glacial deposits are found in the upper reaches. Areas
with erosion potential are mapped near the headwaters of the creek. Volcanic hazards and flood
hazards are mapped along the lower portion of Evans Creek where it enters the Carbon River
valley.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Evans Creek supports coho. Evans Creek
is documented as containing spawning habitat for coho salmon within its lower reach. With
respect to priority habitats, Evans Creek flows within the White River elk range, and the
northernmost segment of the creek flows within the Carbon River riparian zones.

Instream and Riparian Habitats

Evans Creek flows within the upper reaches of the Carbon River sub-basin (RM 8.5 to the
headwaters). Upland land use consists of commercial forestry along this stream, which passes
through the Champion Pacific tree farm. Logging roads, erosion, and large storm events have
caused impacts to the stream channel (Kerwin 1999a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Evans
Creek is not listed for any water quality impairments.
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4.4.11.2 Shoreline Use Patterns

Evans Creek lies largely within unincorporated County lands, with only the most upper portion
of the creek in the Mount Baker-Snoqualmie National Forest. The shoreline planning area
surrounding the stream is characterized by forestry resource land use. There are no paved
roadways within the shoreline planning area. No levees or other significant shoreline
modifications are mapped along Evans Creek.

The existing Shoreline Environment Designation of Evans Creek is Conservancy, where it is
mapped. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land.

. The U.S. Forest Service currently operates a small campground and picnic area at Evans Creek,
with bicycle and motorbike trails. The campground is off SR 165 on Forest Road 7930. The
area surrounding Evans Creek within the National Forest area is proposed for an off-road vehicle
(ORV) area management plan. An environmental assessment and finding of no significance
were completed in March 2009 by the Mount Baker-Snoqualmie National Forest
(http://www.fs.fed.us/r6/mbs/projects/evans-creek/index.shtml). This ORV area would include
rehabilitation of the existing campground on either side of Evans Creek.

4.4.11.3 Reach Scale Assessment

Evans Creek is represented by one (1) reach — EVAN_CR_01. Evans Creek is 5.70-miles long
and is generally in a natural condition with minor alteration to shoreline function.

4.4.11.4 Restoration Opportunities

Restoration opportunities identified for Evans Creek include decommissioning or repair of
logging roads and re-vegetation of riparian zones.

4.4.12 Fennel Creek
4.4.12.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Fennel Creek is located within the Mid-Puyallup basin, referred to as Basin 23 in the Pierce
County Basin Plan. Fennel Creek extends west and south from its headwaters east of the town of
Bonney Lake, Washington, and enters the Puyallup River north of the town of McMillin,
Washington. Fennel Creek flows for nearly eight miles to its convergence with the Puyallup
River at RM 15.5. Victor Falls, a 100-foot high falls, is located at RM 1.9.

Fennel Creek is reported to have the largest network of wetlands in the mid-Puyallup basin,
including several large headwater wetlands (Pierce County, 2005b). Within the shoreline
planning area, a large riparian wetland system is mapped along the middle portion of Fennel
Creek, around the crossing of Rhodes Lake Road East. Aerial photos show this wetland contains
forested and pasture areas. Mapped wetlands cover approximately 31 acres (24%) of the Fennel
Creek shoreline planning area.
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Fennel Creek is known to have reduced summer baseflows and is listed by the Puget Sound
Partnership as a tributary to the Puyallup with low flow issues. This adversely affects salmonid
habitat.

Geologic and Flood Hazards

Fennel Creek principally flows across Quaternary lahar deposits, but also crosses alluvium and
undifferentiated sedimentary rocks and deposits. Fennel Creek passes through areas with
seismic, flood, and volcanic hazards. Steep slope and landslide hazards are associated with the
walls of Fennel Creek valley.

Critical or Priority Habitat and Species Use

Fennel Creek supports fall Chinook, coho, fall chum, pink salmon, cutthroat trout and winter
steelhead. Fish distribution maps (WDFW, 2007b) indicate that Fennel Creek provides
spawning habitat for fall Chinook, coho, fall chum, winter steelhead, and pink salmon. Fennel
Creek provides rearing habitat for coho and steelhead. Critical habitat for these species is
discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat. The Puget Sound/Strait of Georgia ESU chum salmon does not warrant an ESA
listing and therefore, does not have critical habitat (NOAA Northwest Region, 2007).

The Puyallup Tribal Fisheries indicate that Fennel Creek has approximately two miles of
anadromous usage with suitable habitat for Chinook, coho, pink, chum, and steelhead (Marks et
al., 2008). Anadromous and migratory fish spawn up to Victor Falls (at RM 1.9). This creek has
one of the strongest runs of chum salmon in the Puyallup basin (Pierce County, 2005b).
However, steelhead escapement has dropped precipitously over the past decade (Marks et al.,
2008). Victor Falls, at RM 1.9, blocks any upstream passage of anadromous fish.

The priority habitats located within or along Fennel Creek include small waterfowl concentration
areas; Carbon River open space (UNOS); the Lower Puyallup River riparian zones; and Fennel
Creek wetland areas, comprised of an assortment of wetland types (WDFW, 2007a).

Instream and Riparian Habitats

The upper reach of Fennel Creek has pool and riffle habitat as it flows through a broad valley.
Abundant LWD can be found within the channel in this reach as well as spawning gravel and
deep resting pools. Around Victor Falls, the stream flows through a forested area that consists of
a mature hardwood forest with a dense understory of salmonberry and vine maple (Marks et al.,
2005). This forested area riparian corridor continues to the confluence with the Puyallup River
(Pierce County, 2005b).

Water Quality

The primary water quality issues in the Mid-Puyallup basin are sediment from erosion, elevated
temperatures from the lack of riparian vegetation, pollutant discharges from dairy farms, and
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cattle access to the creek (Pierce County, 2005b). Nonpoint pollution results primarily from
urban and agricultural runoff. Urban runoff from roadways and areas under construction carry
suspended sediments, and residential runoff can carry fecal coliform and nutrients. Runoff from
agricultural areas can also carry nutrients and sediments, from soil erosion and fertilizers.

Fennel Creek has had elevated levels of copper in its upper reaches in the past that has exceeded
Washington State water quality standards. One potential source of this contamination is
algaecide that has been applied to Debra Jane Lake (Pierce County 2005b). Agricultural impacts
have also been listed for Fennel Creek. According to the 2004 Washington State Water Quality
Assessment (Ecology, 2004b), Fennel Creek is not listed for any water quality impairments.

4.4.12.2 Shoreline Use Patterns

Fennel Creek passes through predominantly rural and agricultural areas. The shoreline planning
area surrounding Fennel Creek is characterized largely by rural and agricultural development
patterns.

In 2008, the City of Bonney Lake adopted a plan for a future trail along Fennel Creek. The
Fennel Creek Trail Plan includes a 6.3-mile multi-use trail running parallel to Fennel Creek
within both the city limits of Bonney Lake and in unincorporated Pierce County. This trail
would extend from Allan Yorke Park in Bonney Lake to the Foothills Trail in development by
Pierce County (City of Bonney Lake, Fennel Creek Trail Plan Final EIS, 2007;
http://www.citybonneylake.org/UserFiles/File/Community_Downloads/FennelCreekFEIS031507
Final.pdf).

The County SMP does not currently provide a Shoreline Environment Designation for Fennel
Creek. Comprehensive Plan designations and implementing zones follow existing land use and
include Rural 10, Reserve 5, and Agricultural Resource Lands.

No cultural resources are inventoried within the Fennel Creek area. However seasonal hunting
by the Puyallup Tribe could have occurred in the area, and as such there is some potential for the
presence of cultural resources.

4.4.12.3 Reach Scale Assessment

Fennel Creek, a tributary to the Puyallup River in the mid-Puyallup basin, is represented by one
(1) reach — FEN_CR_01. This 2.41-mile long reach is primarily agricultural in land use.
Alterations to water quality and riparian habitat have occurred within this shoreline reach. Large
areas of wetland are associated with the Fennel Creek reach.

4.4.12.4 Restoration Opportunities

In 2005, Fennel Creek was considered a medium high priority for restoration projects in the Mid-
Puyallup River Basin Plan (Pierce County, 2005b). Existing undersized culverts were replaced
with box-culverts in 2007 to reduce flooding at the Sumner-Buckley highway. The restoration
project also included wetland enhancement and detention. The Fennel Creek Preservation Group
organizes volunteers and collaborates with both Pierce County and the City of Bonney Lake to
install native plants in the riparian corridor (http://www.fennelcreek.org/currentnewsletter.pdf).
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4.4.13 Gale Creek
4.4.13.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Gale Creek is located in the South Prairie Creek basin (Basin 7). Gale Creek flows northwest
from Burnt Mountain and eventually intersects with Wilkeson Creek. Gale Creek is a tributary
to Wilkeson Creek with two forks: a West and South Fork. Wilkeson Creek, which flows
through the Town of Wilkeson, is sometimes referred to as “Gale Creek” although in this
document Gale Creek is considered a 4.8-mile long tributary only.

There are no wetlands mapped in this shoreline planning area.
Geologic and Flood Hazards

The creek crosses over granitic, sedimentary, volcanic, and volcaniclastic rocks, volcaniclastic
deposits, alpine glacial deposits, and Quaternary landslide and alluvial deposits. Seismic hazards
are associated with isolated landslide and alluvial deposits. Flood hazards are mapped for the
lower portion of the drainage. Landslide hazards are also unmapped for the creek, but may exist
given the presence of recent landslide deposits. Gale Creek crosses at least one area near its
headwaters that is mapped as having erosion potential.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that coho, pink salmon, and winter steelhead
have a presumed presence within Gale Creek. Gale Creek flows through several priority
habitats, the White River elk range, and the northern reach of the creek, near the fork with
Wilkeson Creek, flows within the South Prairie Creek riparian zone.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Gale
Creek is not listed for any water quality impairments.

4.4.13.2 Shoreline Use Patterns

Gale Creek lies in private forest lands outside of the Mount Baker-Snoqualmie National Forest.
The shoreline planning area surrounding the stream is characterized by forestry resource land
use. No levees or other significant shoreline modifications are mapped along Gale Creek.

The existing Shoreline Environment Designation of Gale Creek is Conservancy, where it is
mapped. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. The Foothills Trail crosses Gale Creek and provides limited public
access to this shoreline planning area. The trail section crosses Gale Creek in the Wilkeson to
Carbanado section.
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Cultural resources have not been inventoried within the Gale Creek planning area. No areas of
special interest within the shoreline planning have been identified.

4.4.13.3 Reach Scale Assessment

Gale Creek is represented by one (1) reach, labeled GALE_CR_01. This reach is 4.78-miles long
and is currently in active timber resource lands.

4.4.13.4 Restoration Opportunities

Restoration opportunities identified for Gale Creek include decommissioning or repair of logging
roads to prevent sedimentation into the stream.

4.4.14 George Creek
4.4.14.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

George Creek lies within the Upper White River basin and is a tributary to the Greenwater River.
George Creek drains the north side of Mutton Mountain, flows through a narrow mountain
valley, and empties into the Greenwater River. There are no wetlands mapped in this shoreline
planning area.

Geologic and Flood Hazards

The creek flows over landslide deposits, alpine glacial deposits, and volcanic rocks. A seismic
hazard is associated with landslide deposits along the upper portion of the creek. Flood hazards
are currently unmapped for George Creek, but are possible given the creek’s mountainous
catchment area. Landslide hazards are also unmapped for the creek, but may exist given the
presence of recent landslide deposits.

Critical or Priority Habitat and Species Use

George Creek supports a presence of coho and winter steelhead. In addition, there is an
undetected presence of Dolly Varden/bull trout within the stream. Coho have designated
spawning within George Creek. Critical habitat for these species is discussed below.

The Puget Sound/Strait of Georgia coho salmon is a species of concern and does not have
designated critical habitat. Dolly Varden/bull trout do not have critical habitat designated within
George Creek. There are no priority habitats within or along George Creek. There is one
spotted owl site approximately 800 feet to the west of the creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), George
Creek is not listed for any water quality impairments.
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4.4.14.2 Shoreline Use Patterns

George Creek lies largely entirely within the Mount Baker-Snoqualmie National Forest. The
shoreline planning area surrounding the stream is characterized by forestry resource land use and
recreation. There are no paved roadways, levees or other structures within the shoreline planning
area. Gravel timber roads are present.

Due to its location within the National Forest, the County SMP does not currently provide a
Shoreline Environment Designation for George Creek. County zoning and Comprehensive Plan
designations show existing land use as 100% Designated Forest Land.

No existing or proposed points of public access occur along the stream; however, recreational
trails within the National Forest do occur along the Greenwater River. Cultural resources have
not been inventoried within the George Creek planning area.

4.4.14.3 Reach Scale Assessment

George Creek, a tributary to the Greenwater River, is represented by one (1) reach —
GEOR_CR_01. This 1.33 mile reach is similar to other shoreline stream reaches with the Mount
Baker-Snoqualmie Forest that are impaired by timber harvest and logging roads.

4.4.14.4 Restoration Opportunities

Restoration opportunities identified for George Creek include decommissioning or repair of
logging roads to prevent sedimentation into the stream, and re-vegetation of riparian areas.

4.4.15 Goat Creek
4.4.15.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Goat Creek lies within the Upper White River basin. Goat Creek is a tributary to Silver Creek,
which in turn contributes flow to the headwaters of the White River within the Mount Baker —
Snoqualmie National Forest. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Goat Creek flows westward from Barnard Saddle northeast of Mount Rainier, and eventually
intersects with the White River. The creek flows principally over volcaniclastic rocks until it
enters the White River valley where it crosses over Quaternary lahar deposits. Volcanic hazards
and flood hazards are identified along the lower reach of Goat Creek approximately 0.5 miles
upstream of where it intersects with the White River.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Goat Creek does not support any salmonid
species. There are no priority habitats found within or along Goat Creek, with the exception of
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the White River elk range which is located approximately 800 feet north of the western edge of
the creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Goat
Creek is not listed for any water quality impairments.

4.4.15.2 Shoreline Use Patterns

Goat Creek lies entirely within the Mount Baker-Snoqualmie National Forest. The shoreline
planning area surrounding the stream is characterized by forestry resource land use. There are no
paved roadways within the shoreline planning area. No levees or other significant shoreline
modifications are mapped.

The County SMP does not currently provide a Shoreline Environment Designation for Goat
Creek. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land.

Recreational opportunities such as hiking are found in the Goat Creek vicinity. Cultural
resources have not been inventoried within the Evans Creek planning area. No areas of special
interest within the shoreline planning have been identified.

4.4.15.3 Reach Scale Assessment

Goat Creek, a tributary to Silver Creek and the headwaters of the White River, is represented by
one (1) reach— GOAT_CR_01. This 1.2 mile stream lies within the Mount Baker-Snoqualmie
National Forest and is generally a natural condition.

4.4.15.4 Restoration Opportunities

Restoration opportunities identified for Goat Creek include decommissioning or repair of
logging roads to prevent sedimentation into the stream, and revegetation of riparian areas.

4.4.16 Greenwater River
4.4.16.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

The Greenwater River, a tributary to the White River, has its headwaters on the north side of
Castle Mountain and extends to its confluence with the White River west of the town of
Greenwater. The Greenwater River flows into the White River at RM 46.

There are no wetlands mapped in this shoreline planning area.
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Geologic and Flood Hazards

The Greenwater River passes through terrain that consists of volcanic and volcaniclastic rocks,
volcanic mudflow deposits, landslide deposits, talus, alluvium, and isolated areas of alpine
glacial deposits. A seismic hazard is associated with landslide deposits along the upper portion
of the river. Flood hazards are identified for the Greenwater River. Landslide hazards are also
unmapped for the creek, but may exist given the presence of recent landslide deposits. Volcanic
hazards are identified along the lower reach of the Greenwater River approximately four miles
upstream of where it intersects with the White River.

Critical or Priority Habitat and Species Use

Greenwater River supports rainbow trout and Dolly Varden/bull trout. In addition, the stream
supports a transported presence of spring Chinook, coho, pink salmon, and winter steelhead. Fall
chum have a potential presence within the stream. Fish distribution maps (WDFW, 2007b)
indicate that Greenwater River provides spawning habitat for spring Chinook and winter
steelhead. Dolly Varden/bull trout have a documented presence throughout Greenwater River
and fall chum have a potential presence within the river. Coho are supported by spawning and
rearing habitat within the river. Critical habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat. The even and odd year ESU pink salmon do not have ESA critical habitat. The
Puget Sound/Strait of Georgia ESU chum salmon does not warrant an ESA listing and therefore,
does not have critical habitat (NOAA, 2007). Puget Sound ESU Chinook salmon and the Dolly
Varden/bull trout have critical habitat designated within the Greenwater River (Federal Register,
2005a; 2005D).

The Greenwater River flows through several priority habitats: the White River elk range and the
White River elk winter area, the White River riparian corridor, and Green River-White River
harlequin duck breeding areas (WDFW, 2007a).

Instream and Riparian Habitats

Most of the lands adjacent to the Greenwater River are USFS owned and are characterized by
second-growth coniferous and deciduous forest. The stream is of a low-gradient with an
abundant high quality gravel substrate for salmonids. LWD recruitment is low but the woody
material that is present is generally mature to old growth (Marks et al., 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b),
Greenwater River has one Category 4C listing for fish habitat; three Category 4A listing for
coarse sediment, fine sediment, and temperature; and two Category 1 listings for dissolved
oxygen and pH.
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4.4.16.2 Shoreline Use Patterns
Existing Land and Shoreline Use

The Greenwater River (including five reaches) flows from the Cascade foothills to the west of
Mount Rainier to its convergence with the White River. The shoreline planning area
surrounding the Greenwater River is characterized largely by forestry resource land use and
National Forest. Reaches 4 and 5 of the Upper Puyallup are completely surrounded by forestry
land use.

There are minimal paved roadways within the shoreline planning area of the Greenwater River,
however the network of forest and timber roads is extensive and commonly passes within
proximity of the river.

Shoreline modifications
No levees or other significant shoreline modifications are mapped on the Greenwater River.
Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing SMP Shoreline Environment Designation of the Greenwater River is Conservancy,
where it is mapped. County zoning and Comprehensive Plan designations largely follow
existing land use patterns, and are dominated by Designated Forest Land and National Forest
(shown as unknown). The Greenwater River is entirely outside the UGA.

Existing and Potential Public Access Areas

Trails within the Mount Baker-Snoqualmie National Forest provide public access and
recreational opportunities on the Greenwater River. Trails to Echo Lake run adjacent to
Greenwater River,

Historic and Cultural Resources

Cultural resources within the Greenwater River shoreline planning area include recorded pre-
contact materials and campsites; however use of the Greenwater area was less regular than in
areas surrounding the Lower Puyallup River basin. Native American use of the Greenwater area,
by the Puyallup Tribe, likely was limited to seasonal hunting. Recorded artifacts include lithic
scatters, charcoal deposits, and calcined bones, however far fewer artifacts have been recorded in
the upper portions of the Puyallup WRIA than in lower portions (DAHP, 2007).

4.4.16.3 Reach Scale Assessment

The Greenwater River, a major tributary to the White River, is represented by five (5) shoreline
reaches. These 5 reaches are labeled GREE_RV_01 through GREE_RV_05 in the GIS map folio
and are described in Table 4-9. A total of 18.5 miles of river shoreline lies within the County.
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4.4.16.4 Restoration Opportunities

The South Puget Sound Salmon Enhancement Group (SPSSEG) is planning to install LWD on
the Greenwater River in 2009 (SPSSEG, 2008). In addition to placement of wood in the river,
the Puget Sound Partnership’s Action Agenda also identified removal and decommissioning of
USFS roads and floodplain restoration along the Greenwater River as a restoration priority (PSP,
2009).
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Table 4-9. Reach assessment for Greenwater River

Reach
Reach Number | Reach Location | Length Land Use Description Modifications Unique Features Riparian Zone
(miles)
GREE_RV_01 From White Riverto | 4.71 Located in County forest resource Timber harvest and Numerous forest No data
28 Mile Creek lands and National Forest. sedimentation from logging | roads and road
confluence roads crossings.
GREE_RV_02 From 28 Mile Creek | 5.07 National Forest Timber harvest and Numerous forest No data
to George Creek sedimentation from logging | roads and road
confluence roads crossings.
GREE_RV_03 From George Creek | 2.59 National Forest Timber harvest and Forest riparian zone.
upstream to Lost sedimentation from logging
Creek roads
GREE_RV_04 From Lost Creek to 0.81 National Forest Timber harvest and Echo Lake is located | Forested riparian
Echo Lake sedimentation from logging | between Reaches 4 zone
roads and 5.
GREE_RV_05 Upstream of Echo 5.28 National Forest Timber harvest and Upstream of Echo Forested riparian
Lake sedimentation from logging | Lake to small lake zone
roads upstream
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4.4.17 Huckleberry Creek
4.4.17.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Huckleberry Creek is a tributary to the Upper White River. It originates from the Huckleberry
basin along the north slope of Mount Rainier (Marks et al., 2005). Huckleberry Creek flows
through Mount Rainier National Park and Snoqualmie National Forest before flowing into the
West Fork of the White River at RM 53.1.

There are no wetlands mapped in this shoreline planning area.
Geologic and Flood Hazards

Huckleberry Creek and its identified tributaries extend from their headwaters north of Sunrise
Lodge on Mount Rainier, north to the confluence with the White River. The geology of the
drainage is dominated by volcanic-derived rocks. Localized areas of intrusive igneous rocks and
alpine glacial soils may be found in the upper reaches. Quaternary alluvium and lahar deposits
are identified in the middle and lower reaches of Huckleberry Creek. A seismic hazard is
associated with the alluvial deposits. Flood hazards are currently unmapped for Huckleberry
Creek. Volcanic hazards are identified along the lower reach of Huckleberry just upstream of
where it intersects with the White River.

Critical or Priority Habitat and Species Use

Huckleberry Creek supports coho, spring Chinook, and winter steelhead. These three species
have a documented presence within the stream. Huckleberry Creek is presumed to support Dolly
Varden/bull trout and fall chum have a potential presence within the stream. Fish distribution
maps (WDFW, 2007b) indicate that Huckleberry Creek provides rearing habitat for spring
Chinook. Coho and winter steelhead have spawning habitat designated within the stream.
Critical habitat has been designated for bull trout within Huckleberry Creek (Federal Register,
2005b). The Puget Sound/Strait of Georgia coho salmon is a species of concern and does not
have designated critical habitat.

The Puyallup Tribe operates two ponds for acclimating spring Chinook along the stream. These
Chinook are planted in March and released in May or early June (Marks et al., 2005).

In terms of priority habitats, Huckleberry Creek flows through the Green River-White River
harlequin habitat, the White River elk range, and the White River elk winter area (WDFW,
2007a).

Instream and Riparian Habitats

The lower 0.3 miles of the stream consist of a somewhat braided channel with a conifer and
mixed deciduous riparian zone. This lower reach contains excellent spawning gravel, which
consistently supports the highest densities of spawners each year (Marks et al., 2005). From RM
0.5 to 1.5, the riparian zone consists of old growth conifers.
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Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b),
Huckleberry Creek has two Category 1 listings for bioassessment and temperature.

4.4.17.2 Shoreline Use Patterns

Huckleberry Creek lies entirely within the Mount Baker-Snoqualmie National Forest. The
shoreline planning area surrounding the stream is characterized by forestry resource land use and
recreation. There are no paved roadways, levees, or other significant structures within the
shoreline planning area.

Because it is in National Forest, the County SMP does not currently provide a Shoreline
Environment Designation for Huckleberry Creek. County zoning and Comprehensive Plan
designations show existing land use as 100% Designated Forest Land.

Trails in the National Forest occur along Huckleberry Creek providing recreational access.
Cultural resources have not been inventoried within the Huckleberry Creek planning area. No
areas of special interest within the shoreline planning have been identified.

4.4.17.3 Reach Scale Assessment

Huckleberry Creek, a tributary to the White River, lies entirely within National Forest. This
creek is represented by three (3) reaches - HUCK_CR_01 through HUCK_CR_03. These three
reaches, which total 7.3 miles of shoreline, are described in Table 4-10.

4.4.17.4 Restoration Opportunities

Restoration opportunities for the shoreline of Huckleberry Creek include decommissioning or
repairing logging roads and replanting the riparian zone with native trees. Road
decommissioning in the Huckleberry Creek floodplain has been identified as a priority project
for WRIA 10 salmon recovery planning (Pierce County Lead Entity, 2008a, 2008b).
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Table 4-10. Reach assessment for Huckleberry Creek

Reach
Reach Number | Reach Location | Length Land Use Description Modifications Unique Features | Riparian Zone
(miles)

HUCK_CR_01 Confluence with 3.66 National Forest Lands Timber harvest, Unknown Forested cover in the
White River culverts and logging riparian zone varies
upstream to Eleanor roads with timber harvest.
Creek

HUCK_CR_02 Eleanor Creek to 2.70 National Forest Lands same same Forested cover in the
Lost Creek riparian zone varies
confluence with timber harvest.

HUCK_CR_03 Upstream of Lost 0.92 National Forest Lands same same No data

Creek
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4.4.18 Hylebos Creek
4.4.18.1 Physical and Biological Characterization
Processes and Channel Modifications

Process modifications to Hylebos Creek have been extensive. Modifications are primarily
associated with rapid and significant urbanization throughout the drainage basin and the
conversion of the mouth of the Hylebos into the Hylebos Waterway (Kerwin, 1999a). Key
modifications to riverine processes within Hylebos Creek include:

« Significant increase in flow volume and decrease in time to peak of flows (i.e.,
precipitation is conveyed to channels more quickly) due to increases in impervious
surface and decrease in wetland area;

« Physical modification to the channel, including installation of culverts or other potential
barriers;

e Removal of in-channel LWD;
e Removal of floodplain forest;
e Industrial land uses, including land fills have likely reduced water quality; and

« Filling of tide flats, restricting the estuarine portion of the system to within a constructed
waterway.

Drainage Basin, Tributary Streams and Associated Wetlands

The Hylebos Creek sub-basin consists of approximately 18,361 acres of land, 25 miles of
streams, 11 named lakes and numerous wetlands. Hylebos Creek flows directly into the Hylebos
Waterway in Commencement Bay. The two major tributaries of Hylebos Creek, the West and
East Forks, originate in King County. The two forks are on the west and east sides of Interstate 5
and join together south of the King/Pierce County border, east of I-5 (Pierce County, 2006c).

Approximately 62 acres (34%) of the Hylebos Creek shoreline planning area is mapped as
wetland. A large wetland is present immediately upstream of the I-5 crossing of Hylebos Creek.
The County’s basin plan describes this as a large floodplain wetland that was rated as a Category
2 wetland under the County’s old critical areas regulations. Category 2 wetlands under the old
regulations were typically those with significant habitat and diverse vegetation classes (Pierce
County, 2006c). This large wetland is formed in historic pasturelands that are now covered with
reed canarygrass. This area is important for stormwater storage and floods up to several feet
deep during the wet winter months.

Wetland restoration efforts are ongoing along several reaches of Hylebos Creek near the Pierce
County shoreline planning areas. For example, estuarine wetland restoration is occurring at the
Mowitch site, located where the stream enters Hylebos Waterway after crossing under Marine
View Drive. The Spring Valley restoration project, which includes wetland and stream channel
restoration, is ongoing farther upstream, where South 373" Street crosses Hylebos Creek.
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Geologic Hazards

Hylebos Creek drains southward over a glacial drift plain west of Tacoma, drops down to the
flood plain of the Puyallup River, and crosses flat-lying alluvial and peat deposits until
connecting with the Puyallup River. The creek passes through areas identified as having
landslide, flood, seismic, and volcanic hazards, as well as erosion potential and steep slopes.
Hylebos Creek is within an aquifer recharge area.

Flood Hazards

The Federal Emergency Management Agency (FEMA) has prepared Flood Insurance Rate Maps
(FIRMs) that include Hylebos Creek. These maps were adopted on December 1, 1983
(Community Mapping Series 530148). These maps indicate that an elevation of 9.0 (feet NGVD
29) has been established for flooding in the waterway, and in the portion of Hylebos Creek in the
City of Tacoma. In general, this elevation does not extend outside the banks of the creek. The
same elevation is also used within the waterways. However, in the revised FEMA maps
currently being developed and reviewed, this reach of Hylebos Creek is included within the area
with the 1% chance flow associated with the Puyallup River (NHC, 2005).

Other flooding in the Hylebos has been described in the Hylebos Browns-Dash Point Basin Plan
(Pierce County, 2006¢). These issues appear to be primarily associated with urban runoff and
undersized culverts, or other physical channel modifications.

Critical or Priority Habitat and Species Use

Hylebos Creek supports coho, fall chum, winter steelhead, and fall Chinook, and is presumed to
support pink salmon. Chinook, chum, coho, pink salmon, and steelhead have all been observed
spawning within Hylebos Creek (Marks et al., 2005); however, fish distribution data does not
indicate that spawning habitat has been designated for these species (WDFW, 2007b). Critical
habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat. The even and odd year ESU pink salmon do not have ESA critical habitat. The
Puget Sound/Strait of Georgia ESU chum salmon does not warrant an ESA listing and therefore,
does not have critical habitat (NOAA, 2007). Puget Sound ESU Chinook salmon has designated
critical habitat within Hylebos Creek (Federal Register, 2005a).

The Puyallup Tribe releases between 10 and 20 thousand juvenile fall Chinook into the creek and
fish are planted in a large man-made pond located on the north fork of the creek (Marks et al.,
2005).

Hylebos Creek flows within the Lower Puyallup riparian zone, a priority habitat, and through the
Commencement Bay tributary wetlands. In addition, the stream flows through the urban natural
open space, comprised of the Hylebos waterway bluff area, an area of steep slopes and bluffs
overlooking Commencement Bay (WDFW, 2007a).
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Instream and Riparian Habitats

The stream channel above and below the bridge at 373rd Street is somewhat incised and the
riparian vegetation consists of turf grass, reed canary grass, and alder (Marks et al., 2005). The
substrate is very compacted with large amounts of fine material and some areas of smaller
gravel.

Habitat conditions along lower Hylebos Creek have been described as generally degraded due to
the loss of natural floodplain because of channel confinement and encroachment by adjacent land
uses and by revetments and levees (Pierce County, 2006¢). There are no known major
impediments to fish passage within the reaches of the stream within unincorporated Pierce
County. There is an almost total lack of functional LWD within the Hylebos Creek system.
Since the 1990’s, the non-profit group Friends of the Hylebos has completed several restoration
projects along Hylebos Creek (as well as the associated Hylebos wetlands) to improve habitat
and revegetate riparian habitat with native species (Friends of the Hylebos 2007).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Hylebos
Creek has one 303(d) listing (Category 5 listing) for impaired water quality for fecal coliform.
In addition, Hylebos Creek has one Category 2 listing for dissolved oxygen and the West Fork
has one Category 1 listing for temperature.

There is little additional information available to speak to water quality within the larger Hylebos
Browns-Dash Point basin. The most recent available data is from a study conducted in 1991-
1993 by the Tacoma-Pierce County Health Department, which found that samples within
Hylebos Creek exceeded “action limits” for copper, zinc, lead and arsenic (Pierce County,
2006c¢).

The Clean Water Act Section 305(b) Report published by Ecology in 1992 indicated that
Hylebos Creek, along with the White and Puyallup rivers, had water quality impairments due to
high fecal coliform counts. One of the sources for this water quality impairment was discharge
by municipalities and industries (Ecology, et al., 1995b). There are a total of 44 individual
NPDES permits that discharge to the watershed, and in addition to these, there are 28 general
permits that allow discharge to surface water within the larger watershed. Additional sources of
impairment listed in the report include pasture lands, animal-management areas, manure lagoons
and removal of riparian corridors (Ecology, et al., 1995b).

4.4.18.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Land use near Hylebos Creek shoreline area is dominated by moderate density single family
residential and vacant parcels. A small area of commercial development occurs at the southeast
extent of the reach. This reach is broken by a small area within the City of Fife.
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Shoreline modifications

Shoreline modifications associated with residential uses are prevalent in the Hylebos Creek reach
shoreline area. Analysis of 2006 aerial photography shows that the reach has been channelized
throughout the majority of its length within the reach, with several single lane bridges providing
access to private residences.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

Currently, there is no Shoreline Environment Designation for Hylebos Creek within
unincorporated Pierce County. Zoning and Comprehensive Plan designations reflect existing
land use, with Moderate Single Family the primary zoning. The reach is within the UGA.

Existing and Potential Public Access Areas

There is one park that provides public access to the Hylebos Creek shoreline near the planning
area: the Lower Hylebos Nature Park. Existing amenities at the Lower Hylebos Nature Park,
owned and operated by the City of Fife and located adjacent to the stream’s shoreline planning
area within the County, include passive nature and wildlife viewing opportunities. The City of
Fife is in the process of completing restoration activity within the park, however upon
completion will provide access, via walking trails, to the stream.

Historic and Cultural Resources

No cultural resources are inventoried within the Hylebos Creek area. However seasonal activity,
including gathering of shellfish and use of seasonal camps, by the Puyallup Tribe could have
occurred in the area, and as such there is some potential for the presence of cultural resources.
The century long history of land use and development within the Lower Hylebos area has likely
disturbed or buried cultural resources that exist, however activities that excavate below levels of
previous disturbance could encounter cultural resources.

4.4.18.3 Reach Scale Assessment

Hylebos Creek, a tributary to draining directly to Commencement Bay, is represented by one
reach (HYLE_CR_01) in unincorporated Pierce County.

4.4.18.4 Restoration Opportunities

Many restoration projects have been undertaken in the Hylebos watershed. The Friends of the
Hylebos Wetlands, Pierce Conservation District, NOAA, and local governments have performed
invasive vegetation control, planting of native species, culvert replacement, and placement of log
structures at several locations. The Lower Hylebos Marsh Project is located downstream of the
Pierce County shoreline planning reach; it involved creating new off-channel marsh habitat on an
abandoned log sorting yard (Friends of Hylebos Wetlands, undated).

The Hylebos -Browns-Dash Point Basin Plan (Pierce County, 2006c) includes restoration of the
Hylebos Creek stream channel and floodplain as a high priority.
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4.4.19 Kapowsin Creek
4.4.19.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Kapowsin Creek is a tributary to the Puyallup River. This creek flows into and out of Kapowsin
Lake, approximately 3.2 miles upstream from its confluence with the Puyallup River. Kapowsin
Creek Reach 1 is downstream of Kapowsin Lake and Reach 2 is upstream of the lake.

Approximately 22 acres (12%) of the Kapowsin Creek shoreline planning area is mapped as
wetland. Several riparian wetlands, containing forested and disturbed habitats, are mapped along
Kapowsin Creek downstream of Kapowsin Lake. A large, mostly forested wetland complex is
present along the stream just north of the lake. This wetland system extends along the lake shore
(see discussion of Lake Kapowsin below). Based upon aerial photographs, it appears that
wetlands also occur upstream of the lake within the Kapowsin Creek shoreline planning area.

Geologic and Flood Hazards

Kapowsin Creek flows north out of the north end of Kapowsin Lake to its confluence with the
Puyallup River southwest of the Forest Lake area. The creek flows through terrain that
principally consists of alluvium, volcanic mudflow, and glacial deposits. Locally, intrusive
igneous and sedimentary bedrock are found exposed along the river valley sidewalls below the
glacial soils. The creek passes through areas identified as having flood, seismic, and volcanic
hazards, as well as erosion potential.

Critical or Priority Habitat and Species Use

Kapowsin Creek supports coho, fall Chinook, fall chum, pink salmon, and winter steelhead. In
addition, it is presumed to support bull trout/Dolly Varden. Fish distribution maps (WDFW,
2007b) indicate that Kapowsin Creek provides spawning habitat for fall Chinook, fall chum,
coho, and winter steelhead. The stream also provides rearing habitat for coho and pink salmon.
Critical habitat for these species is discussed below.

Priority habitats located within or along Kapowsin Creek include the Kapowsin Creek riparian
corridor; the Upper Puyallup River wetlands, a mix of riverine, scrub-shrub, emergent and
forested wetlands associated with the creek; the Little Puyallup River riparian zone; the White
River elk range; the Kapowsin Lake wetlands; small and large waterfowl concentration areas;
and open space (WDFW, 2007a).

Instream and Riparian Habitats

There is suitable spawning gravel throughout the entire stretch of the creek; however, much of it
is patchy in nature (Marks et al., 2005). There is an abundance of downed trees within the
stream channel along with several logjams which serve to create complexity. Cattle have access
to the stream near RM 1.7 and there are homes and outbuildings within 20 to 40 feet of the banks
of the creek (Marks et al., 2005). The majority of the stream has a dense riparian zone
characterized by firs, alders and salmonberry.
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Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b),
Kapowsin Creek is not listed for any water quality impairments.

4.4.19.2 Shoreline Use Patterns
Existing Land and Shoreline Use

Kapowsin Creek (Reaches 1 and 2) passes through predominantly rural, agricultural areas, and
forestry resource lands. . There are no bridges over Kapowsin Creek; however two lane surface
roads do parallel portions of the stream. Orville Road East runs to the west of Kapowsin Creek
and Kapowsin Lake.

The existing SMP Shoreline Environment Designation of Kapowsin Creek is Rural,
Conservancy, and Natural for Reach 1 and Conservancy for Reach 2. Zoning and
Comprehensive Plan designations largely follow existing land use and are dominated by Rural
10 and Rural 20, Agricultural Resource Land, and Designated Forest Land.

No cultural resources are inventoried within the Kapowsin Creek area. However seasonal
hunting by the Puyallup Tribe could have occurred in the area, and as such there is some
potential for the presence of cultural resources associated with Kapowsin Lake.

4.4.19.3 Reach Scale Assessment

Kapowsin Creek, a tributary to the Puyallup River in the mid-Puyallup basin, is represented by
two (2) reaches - KAPO_CR_01 and KAPO_CR_02. The reaches are described in Table 4-11. A
total of 3.95 miles of shoreline lies within the County.

4.4.19.4 Restoration Opportunities

Restoration opportunities for Kapowsin Creek include fencing livestock areas to prevent access
to the stream, and revegetating riparian areas.
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Table 4-11. Reach assessment for Kapowsin Creek.

Reach Number

Reach Location

Reach
Length
(miles)

Land Use Description

Modifications

Unique Features

Riparian Zone

KAPO_CR_01

From Puyallup River
upstream to Lake
Kapowsin

3.34

Rural, agricultural, forestry. Passes under
Orville Road E. Outlet of Kapowsin Lake.

No levees, alterations
from timber harvest

Near Electron Facility,
PSE transmission
lines cross this reach.

Dense forested
riparian zone; some
previously logged

KAPO_CR_02

Upstream of Lake
Kapowsin

0.61

Rural, agricultural, forestry resource
lands; Kapowsin Camp No.7 Market
Road runs along north bank of creek in
managed forest lands.

Alterations from
culvert crossings and
clearcut harvest

Upper extent of WRIA
10 watershed

Dense forested
riparian zone to
previously logged.
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4.4.20 Kings Creek
4.4.20.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Kings Creek lies within the Mid-Puyallup basin. Kings Creek is a small tributary of the Puyallup
River, flowing from the area west of Cowling Ridge and entering the Puyallup north of the
Electron Reservoir. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Kings Creek flows from Cowling Ridge above, down the glacial outwash channel margin, across
a channel terrace before entering the Puyallup. Volcaniclastic rock is exposed along the steep
sided glacial channel margin, and alpine and continental glacial soils are present in the channel
terrace. The creek crosses over Quaternary alluvium near its confluence with the Puyallup River.
Much of Kings Creek is within a flood hazard area. Discrete portions of the creek are within
areas identified as having erosion potential. Seismic and volcanic hazards are identified for the
creek near its confluence with the Puyallup River.

Critical or Priority Habitat and Species Use

Kings Creek supports coho salmon. Fish distribution maps (WDFW, 2007b) indicate that coho
have a documented presence within Kings Creek. The Puget Sound/Strait of Georgia coho
salmon is a species of concern and does not have designated critical habitat.

Kings Creek flows through two priority habitats: the larger White River elk range and the Little
Puyallup River riparian zone. In addition, there are two bald eagle nests and a wetland located
approximately 4,000 feet southwest of the creek.

Instream and Riparian Habitats
There is no information available on in-stream and riparian habitats for Kings Creek.
Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), King
Creek has one 303(d) listing (Category 5 listing) for temperature.

4.4.20.2 Shoreline Use Patterns

Kings Creek lies within forest resource lands of unincorporated Pierce County. There are no
paved roadways within the shoreline planning area. No levees or other significant shoreline
modifications are mapped.

The County SMP does not currently provide a Shoreline Environment Designation for Kings
Creek. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. The stream’s planning area is entirely outside the UGA.
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No existing or proposed points of public access occur along the stream. Cultural resources have
not been inventoried within the Kings Creek planning area.

4.4.20.3 Reach Scale Assessment

Kings Creek, a minor tributary to the Puyallup River, is presented as one (1) reach. This reach is
labeled KING_CR_01.

4.4.20.4 Restoration Opportunities

Restoration opportunities for Kings Creek include decommissioning or repairing logging roads
to prevent sedimentation, replanting riparian areas with native trees, and removing failing
culverts.

4.4.21 Lost Creek - Greenwater
4.4.21.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Lost Creek lies within the Upper White River basin. Lost Creek (Greenwater) drains Quinn
Lake to the northeast of Mutton Mountain, flows through a narrow mountain valley, and empties
into the Greenwater River. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Lost Creek (Greenwater) flows principally over volcanic rocks; however, Quaternary landside
deposits are also identified in its upper reaches. A seismic hazard is associated with landslide
deposits along the creek. Flood hazards are currently unmapped for Lost Creek, but are possible
given the creek’s mountainous catchment area. Landslide hazards are also unmapped for the
creek, but may exist given the presence of recent landslide deposits.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate an undetected presence of Dolly VVarden/bull
trout along the Greenwater River up to the confluence with Lost Creek (Greenwater). There are
no priority habitats within or along Lost Creek (Greenwater); however, there is a northern
goshawk site located approximately 275 feet northwest of the lower end of the stream.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Lost
Creek (Greenwater) is not listed for any water quality impairments.

4.4.21.2 Shoreline Use Patterns

Lost Creek (Greenwater) lies entirely within the Mount Baker-Snoqualmie National Forest. The
shoreline planning area surrounding the stream is characterized by forestry resource land use.
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There are no paved roadways within the shoreline planning area; however, gravel timber roads
are present. No levees or other significant shoreline modifications are mapped along Lost Creek.

The County SMP does not provide a Shoreline Environment Designation for Lost Creek
(Greenwater). County zoning and Comprehensive Plan designations show existing land use as
100% Designated Forest Land.

Recreational trails within the National Forest provide access to Lost Creek. Cultural resources
have not been inventoried within the Lost Creek (Greenwater) planning area. No areas of special
interest within the shoreline planning have been identified.

4.4.21.3 Reach Scale Assessment

Lost Creek (Greenwater), a tributary to Greenwater River, lies entirely within National Forest.
This creek is 2.38 miles long and is represented by one (1) reach - LOST_GR_CR_01). This
reach is generally in natural condition, except for timber harvest.

4.4.21.4 Restoration Opportunities

Restoration opportunities for Lost Creek (Greenwater) include decommissioning or repairing
logging roads to prevent sedimentation, and replanting riparian areas with native trees.

4.4.22 Lost Creek - Huckleberry
4.4.22.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Lost Creek (Huckleberry) also lies within the Upper White River basin. Lost Creek
(Huckleberry) drains Lower Palisades Lake on the north side of Mount Rainier and is a tributary
of Huckleberry Creek. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Lost Creek (Huckleberry) passes over granitic and volcanic rocks, landslide deposits, and
Quaternary alluvium. A seismic hazard is associated with the landslide deposits. Flood hazards
are currently unmapped for Lost Creek, but are possible given the river’s mountainous catchment
area. Landslide hazards are also unmapped for the creek, but may exist given the presence of
recent landslide deposits.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Lost Creek has an undocumented presence
of Dolly Varden/bull trout. The adjacent Huckleberry Creek has a documented presence of
Dolly Varden/bull trout. Huckleberry Creek also provides habitat for spawning coho as far as
the confluence with Lost Creek.
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There are no priority habitats within or along Lost Creek. The White River elk range extends
along a portion of Huckleberry Creek from the White River, located to the east. This priority
habitat ends before the confluence of Huckleberry Creek and Lost Creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Lost
Creek (Huckleberry) is not listed for any water quality impairments.

4.4.22.2 Shoreline Use Patterns

Lost Creek-Huckleberry lies entirely within the Mount Baker-Snoqualmie National Forest. The
shoreline planning area surrounding the stream is characterized by forestry resource land use.
There are no paved roadways, levees, or other modifications.

The County SMP does not provide a Shoreline Environment Designation for Lost Creek-
Huckleberry. County zoning and Comprehensive Plan designations show existing land use as
100% Designated Forest Land.

Trails within the National Forest may provide recreational access to the public. Cultural
resources have not been inventoried within the planning area. No areas of special interest within
the shoreline planning have been identified.

4.4.22.3 Reach Scale Assessment

Lost Creek-Huckleberry, a tributary to Huckleberry Creek, lies entirely within National Forest.
This creek is represented by one (1) reach — LOST_HC_CR_01). This reach is generally in
natural condition.

4.4.22.4 Restoration Opportunities

Restoration opportunities for Lost Creek (Huckleberry) include decommissioning or repairing
logging roads to prevent sedimentation, and replanting riparian areas with native trees.

4.4.23 Maggie Creek
4.4.23.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Maggie Creek lies within the Upper White River basin. Maggie Creek is a tributary of the
Greenwater River. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Maggie Creek drains the steep slopes north of Louisiana Saddle, courses through a narrow
mountain valley, and empties into the Greenwater River. The creek flows over volcaniclastic
and volcanic rocks, as well as minor alluvial deposits. A seismic hazard is identified for the
alluvial deposits situated in the upper reach of Maggie Creek. The creek is not currently
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identified as a flood hazard area, but flooding is possible given the creek’s mountainous
catchment area.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Maggie Creek does not support any
salmonid species. No priority habitats are located along or within Maggie Creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Maggie
Creek is not listed for any water quality impairments.

4.4.23.2 Shoreline Use Patterns

Maggie Creek lies entirely within the Mount Baker-Snoqualmie National Forest and the Norse
Peak Wilderness. Trails within the Norse Peak Wilderness provide public access to Maggie
Creek. The shoreline planning area surrounding the stream is characterized by forestry resource
land use. There are no paved roadways or other structures within the shoreline planning area.

The County SMP does not provide a Shoreline Environment Designation for Maggie Creek.
County zoning and Comprehensive Plan designations show existing land use as Designated
Forest Land.

4.4.23.3 Reach Scale Assessment

Maggie Creek, a minor tributary to the Greenwater River, is represented by one (1) reach —
MAGG_CR_01. This 0.44 mile reach is generally in a natural condition.

4.4.23.4 Restoration Opportunities

Restoration opportunities for Maggie Creek include decommissioning or repairing logging roads
to prevent sedimentation, and replanting riparian areas with native trees.

4.4.24 Meadow Creek
4.4.24.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Meadow Creek lies within the Upper Puyallup basin. Meadow Creek is a tributary to the Mowich
River, where it enters at RM 3.9. Meadow Creek is 4.6 miles in length and originates from
Eunice Lake, located within Mount Rainier National Park (Marks et al., 2005). The creek has
one tributary, Hayden Creek, at RM 2.5. There are no wetlands mapped in this shoreline
planning area.
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Geologic and Flood Hazards

Meadow Creek drains the slopes southwest of Virginia Peak and connects with the Mowich
River. The creek flows over volcanic and volcaniclastic rocks and deposits, alpine glacial
deposits, and Quaternary alluvium. The creek crosses though areas identified as having flood,
volcanic, and seismic hazards. Erosion potential is identified along the upper portion of the
creek.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Meadow Creek supports coho with a
documented, transported presence. The creek is located above the Electron diversion dam,
which has prevented salmon and steelhead from accessing the stream (Marks et al., 2005).

The western portion of Meadow Creek flows through the White River elk range, a priority
habitat. A northern goshawk site has been recorded approximately 2,000 feet south of the stream.

Instream and Riparian Habitats

The lower mile of the creek has a low to moderate gradient, with pools and riffles present, as
well as abundant spawning gravel, LWD, and riparian cover along the entire length of the
stream. Several pieces of LWD as well as log jams have created significant complexity through
the lower reach of the stream (Marks et al., 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Meadow
Creek is not listed for any water quality impairments.

4.4.24.2 Shoreline Use Patterns

Meadow Creek lies entirely within the Mount Baker-Snoqualmie National Forest. The shoreline
planning area surrounding the stream is characterized by forestry resource land use and
recreation. The County SMP does not provide a Shoreline Environment Designation for Meadow
Creek. County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land. Trails within the National Forest may provide recreational
opportunities on Meadow Creek. Cultural resources have not been inventoried within the
Meadow Creek planning area.

4.4.24.3 Reach Scale Assessment

Meadow Creek, a tributary to the Greenwater River, is represented by one (1) reach.
4.4.24.4 Restoration Opportunities

Restoration opportunities for Meadow Creek include decommissioning or repairing logging

roads to prevent sedimentation, replanting riparian areas with native trees, and removing failing
culverts.
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4.4.25 Milky Creek
4.4.25.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Milky Creek lies within the Upper White River basin. Milky Creek is a tributary of the
Clearwater River. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Milky Creek flows northwards from the north flank of Frog Mountain and connects with the
Clearwater River. The creek flows principally over volcanic rock, but also traverses an area of
alpine glacial deposits. The creek is not currently identified as a flood hazard area, but flooding
is possible given the creek’s mountainous catchment area.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Milky Creek does not support any salmonid
species. Milky Creek flows through the White River elk range, a priority habitat.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Milky
Creek has one 303(d) listing (Category 5 listing) for temperature.

4.4.25.2 Shoreline Use Patterns

Milky Creek is located outside and to the north of the Mount Baker-Snoqualmie National Forest.
The shoreline planning area surrounding the stream is characterized by forestry resource land use
and recreation. The existing Shoreline Environment Designation of Milky Creek is Conservancy.
County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land.

No existing or proposed points of public access occur along the stream. Cultural resources have
not been inventoried within the Milky Creek planning area.

4.4.25.3 Reach Scale Assessment
Milky Creek, a tributary to Clearwater Creek, is represented by one (1) reach — MILK_CR_01.
4.4.25.4 Restoration Opportunities

Restoration opportunities for Milky Creek include decommissioning or repairing logging roads
to prevent sedimentation, and replanting riparian areas with native trees.
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4.4.26 Mowich River
4.4.26.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

The Mowich River lies within the Upper Puyallup basin and joins the Puyallup River at RM
42.3. The Mowich River originates in glacier headwaters from the Edmunds, and the North and
South Mowich glaciers on the west slope of Mount Rainier (Marks et al., 2005). The north and
south Mowich forks flow through Mount Rainier National Park and converge at RM 7.5 to form
the mainstem of the Mowich River. Major tributaries to Mowich River include Crater, Spray,
Meadow, and Rushingwater Creeks (Marks et al., 2005). There are no wetlands mapped in this
shoreline planning area.

Geologic and Flood Hazards

The Mowich River extends from the west flank of Mount Rainier and flows generally westward
to its confluence with the Puyallup River. The upper reaches of the Mowich River drainage
cross over volcanic and volcaniclastic rock. Sedimentary rock, alpine glacial deposits, and lahar
deposits are exposed in the lower reaches. Alluvial deposits occupy the Mowich River valley
floor. Flood, volcanic, and seismic hazards are identified along the Mowich River.

Critical or Priority Habitat and Species Use

The Mowich River supports bull trout/Dolly Varden, coho, and fall Chinook. Fish distribution
maps (WDFW, 2007b) indicate that bull trout/Dolly Varden and coho have a documented
presence within Mowich River. The Mowich River provides a small segment of spawning
habitat for fall Chinook, near the Rushingwater Creek fork (WDFW, 2007b). Critical habitat for
these species is discussed below.

The Puget Sound/Strait of Georgia coho salmon is a species of concern and does not have
designated critical habitat. Puget Sound ESU Chinook salmon and the Dolly Varden/bull trout
have critical habitat designated within the Mowich River (Federal Register, 2005a; 2005b). A
fish ladder, the Electron fish ladder, located at RM 41.7 was completed in the fall of 2000 and
has restored anadromous fish passage through the river. There is also a natural acclimation pond
on the Mowich River, located at RM 1.0, which is used for rearing fall Chinook (Marks et al.,
2005). The first spawning of naturally returning Chinook in 97 years was documented by the
Puyallup Tribe in September 2001 (Marks et al., 2008).

The Mowich River flows through the White River elk range, a priority habitat.
Instream and Riparian Habitats

The upper four to five miles of the Mowich River flow along steep and moderate gradients with
a channel substrate characterized by large cobble and boulders. The riparian vegetation along
the active reaches of the Mowich River generally consists of mixed coniferous-deciduous forest.
The central reach flows through the Snoqualmie National Forest (RM 6.5 to 3.1) where the
stream gradient decreases and more spawning gravel substrate is available. The lower three
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miles of the river pass through the Rainier Timber-Kapowsin tree farm (Campbell Group LLC).
The riparian corridor becomes confined along this reach, although spawning substrate remains
present (Marks et al., 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the
Mowich River is not listed for any water quality impairments.

4.4.26.2 Shoreline Use Patterns

Mowich River is located outside of the National Forest and to the west of the Mount Rainier
National Park. The shoreline planning area surrounding the stream is characterized by forestry
resource land use and recreation. There are no paved roadways within the shoreline planning
area; however, gravel timber roads are present.

The existing SMP Shoreline Environment Designation of the Mowich River is Conservancy,
where mapped. Reach 1 and the lower portion of Reach 2 are designated as Conservancy, while
the upper portions of Reach 2 (and all of Reach 3) have not been designated. County zoning and
Comprehensive Plan designations show existing land use as 100% Designated Forest Land. This
creek is entirely outside of the County’s UGA.

No existing or proposed points of public access occur along the stream. Cultural resources have
not been inventoried within the Mowich River planning area.

4.4.26.3 Reach Scale Assessment

Mowich River, a tributary to the Puyallup, in the Upper Puyallup basin, is divided into three (3)
shoreline reaches for a total of 6.7 miles. The reaches are named MOW_RV_01 through
MOW_RV_03 and are described in Table 4-12.

4.4.26.4 Restoration Opportunities

Restoration priorities for the Mowich River include improvements to in-stream habitat and
recovery of salmonid populations. The tribal restoration goal for the Mowich River and
Puyallup basin is to rebuild depressed stocks of Chinook and recover historic levels of this
species. Due to its location on forest resource lands, restoration opportunities along the river
specifically include decommissioning or repairing logging roads to prevent sedimentation,
replanting riparian areas with native trees, and removing failing culverts.
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Table 4-12. Reach assessment for the Mowich River

Reach
Reach Number | Reach Location | Length Land Use Descriptions Modifications Unique Features Riparian Zone
(miles)
MOW_RV_01 From the Upper 0.89 Forest resource lands, commercial timber | Timber cutting, Not visible on aerial
Puyallup to harvest logging road increase photographs; riparian
Rushingwater Creek sediment transport zones appear to have
confluence been logged
MOW_RV_02 From Rushingwater | 4.33 Forest resource lands, commercial timber | same Mt. Baker Clear-cuts visible in
Creek confluence to harvest. Mowich Lake Road lies 0.6 mile Snoqualmie National aerial photos
Meadow Creek to the north. Forest on north bank. | indicating recent
logging
MOW_RV_03 Upstream of 1.47 Forest resource lands, commercial timber | same Second growth forest
Meadow Creek to harvest in this reach.
Mt. Rainier National
Park Boundary
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4.4.27 Neisson Creek
4.4.27.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Neisson Creek is a tributary to the Upper Puyallup River. Neisson Creek flows north from a
mountainous area west of Deer Creek, and enters the Puyallup River north of the confluence with
the Mowich River. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

The upper reach of Neisson Creek flows through steep-walled exposures of faulted and folded
sedimentary bedrock, with localized exposures of intrusive igneous rock. The valley floor in the
lower reach of Neisson Creek consists of alpine glacial soils overlain by lahar deposits. Steep
valley walls expose sedimentary rock. Seismic and volcanic hazards are identified near the
confluence of Neisson Creek with the Puyallup River. The creek is not currently identified as a
flood hazard area, but flooding is possible given the creek’s mountainous catchment area. Areas
of erosion potential occur within a few hundred feet of the creek.

Low-lying wet areas present in the valley floor in the upper reach of Neisson Creek indicate
possible zones with low infiltration rates and high runoff potential.

Critical or Priority Habitat and Species Use

Neisson Creek supports bull trout/Dolly Varden, coho, winter steelhead, coho, and fall Chinook.
Fish distribution maps (WDFW, 2007b) indicate that upper section of Neisson Creek, near its
junction with the Puyallup River, has a documented presence of bull trout/Dolly Varden and the
lower section has a presumed presence. Spawning habitat within the upper section of the creek
supports coho and winter steelhead. Fall Chinook have a small area of spawning habitat within
Neisson Creek (WDFW, 2007b). Critical habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat. Puget Sound ESU Chinook salmon and the Dolly Varden/bull trout do not have
critical habitat designated within Neisson Creek (Federal Register 2005a; 2005b).

Steelhead have been observed spawning within the creek, and naturally returning coho have been
observed as well. The natural returns are a result of live adult plantings and juvenile acclimation
projects carried out by the Puyallup Tribal Fisheries Department (Marks et al., 2005).

There are is one priority habitat within proximity to Neisson Creek: the White River elk range
(WDFW, 2007a).
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Instream and Riparian Habitats

The stream contains pool and riffle habitat as well as excellent spawning gravel. The riparian
zone consists of conifers and alders with moderate amounts of woody debris (Marks et al., 2005).
Due to timber harvest activities, the riparian zone has been reduced to the state-required
minimum along several stretches of the lower creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Neisson
Creek is not listed for any water quality impairments.

4.4.27.2 Shoreline Use Patterns

Neisson Creek is located outside of the National Forest and to the west of the Mount Rainier
National Park. The shoreline planning area surrounding the stream is characterized by forestry
resource land use. There are no paved roadways within the shoreline planning area; however,
gravel timber roads are present. No levees or other significant shoreline modifications are
mapped.

The existing SMP Shoreline Environment Designation of Neisson Creek is Conservancy, where
it is mapped. County zoning and Comprehensive Plan designations follow existing land use
patterns (93% Designated Forest Land).

No existing or proposed points of public access occur along the stream.
4.4.27.3 Reach Scale Assessment

Neisson Creek, a tributary to the Puyallup River, in its upper basin, is represented by one (1)
shoreline reach — NEIS_CR_01.

4.4.27.4 Restoration Opportunities

Restoration opportunities for Neisson Creek include decommissioning or repairing logging roads
to prevent sedimentation, replanting riparian areas with native trees, and removing failing
culverts.

4.4.28 North Puyallup River
4.4.28.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

The North Puyallup River lies within the Upper Puyallup River basin. The North Puyallup River
drains the Puyallup Glacier on Mount Rainier and flows generally west approximately five miles
before its confluence with the South Puyallup River. There are no wetlands mapped in this
shoreline planning area.
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Geologic and Flood Hazards

The North Puyallup River traverses volcanic rocks, lahar deposits, alpine glacial deposits, and
Quaternary alluvium. Hazards identified for the river include seismic, flood, and volcanic.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that the North Puyallup River has the potential
to support bull trout/Dolly Varden. Critical habitat has been designated for bull trout within the
Puyallup River (Federal Register, 2005b). The western end of the North Puyallup River flows
through the White River elk range, a priority habitat.

Instream and Riparian Habitats

The North Puyallup River is in the Upper Puyallup River sub-basin, which is upstream of the
PSE Electron Powerhouse (near RM 31). Land ownership along this reach is typically that of
private commercial timber companies and U.S. Forest Service. Timber harvesting is active in
the second-growth forests of the private timber properties adjacent to the North Puyallup River.
Road construction associated with logging has significantly affected this portion of the river,
with little recruitment of LWD. A portion of the North Puyallup River flows through Mount
Rainer National Park and is bordered by old growth forest. This reach receives some old growth
LWD but high stream gradients and boulders generally break these into smaller fragments which
decrease their function for stream and wildlife habitat. The majority of the riparian forested
habitat is a plantation type consisting of Douglas-fir and western hemlock with hardwoods along
the streambanks. Channel substrate is generally cobbles and boulders with limited pockets of
spawning gravel for salmonids. Although this portion of the Puyallup River is not directly
impacted by residential development, sediment and runoff from road construction and
maintenance activities associated with logging continue to be of concern (Kerwin 1999a).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), the North
Puyallup River is not listed for any water quality impairments.

4.4.28.2 Shoreline Use Patterns

North Puyallup River lies largely within unincorporated County lands, just outside the Mount
Baker-Snoqualmie National Forest. Private timber lands are the dominant land use type. There
are no paved roadways within the shoreline planning area; although gravel timber roads lie
within close proximity to the stream. No levees or other significant shoreline modifications are
mapped along the river.

There is no existing current Shoreline Environment Designation in the County’s SMP for the
North Puyallup River. County zoning and Comprehensive Plan designations follow existing
land use patterns (100% Designated Forest Land).
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Due to the forest resource land use in private timber, no existing or proposed points of public
access occur along the stream. Cultural resources have not been inventoried within the river
planning area.

4.4.28.3 Reach Scale Assessment

North Puyallup River, a tributary to the upper reaches of the Puyallup River, is represented by
one (1) shoreline reach — NOPU_RV_01.

4.4.28.4 Restoration Opportunities

Restoration opportunities for the North Puyallup River include decommissioning or repairing
logging roads to prevent sedimentation, replanting riparian areas with native trees, and removing
failing culverts.

4.4.29 Ohop Creek - Kapowsin
4.4.29.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Ohop Creek- Kapowsin is the main feeder stream to Lake Kapowsin. The creek flows west then
turns to the north to Lake Kapowsin. This creek lies in WRIA 10 (Puyallup) at the southwestern
boundary of the watershed. Ohop Lake and Ohop Creek (Nisqually) while physically located
nearby to the south/southwest are actually within another watershed — WRIA 11 (Nisqually
River). The watershed divide occurs between the two creeks named Ohop.

There are no wetlands mapped in this shoreline planning area.
Geologic and Flood Hazards

Ohop Creek extends from its headwaters east of Ohop, Washington, west and north to the south
side of Kapowsin Lake. The creek then flows southwest from Kapowsin Lake to the Nisqually
River. Ohop Creek passes over volcaniclastic rocks and sediments, alpine glacial and
continental ice-sheet deposits, lahar deposits and Quaternary peat and alluvium. Identified
hazards include flood, seismic, and volcanic. Areas with erosion potential are also identified.

Critical or Priority Habitat and Species Use

Ohop Creek supports coho and is presumed to support winter steelhead. Fish distribution maps
(WDFW, 2007b) indicate that Ohop Creek provides spawning habitat for coho. Coho are the
only species surveyed for on a consistent basis. Steelhead have not been observed in several
years (Marks et al., 2005). Critical habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat.
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Ohop Creek is located within several priority habitat areas: the Kapowsin Creek riparian
corridor, a small waterfowl concentration area, the Kapowsin Lake wetlands; and the White
River elk range.

Instream and Riparian Habitats

From RM 6.5 to 7.0, the stream is a low gradient pool-riffle system containing excellent
spawning gravel, as well as several deep pools and moderate amounts of instream woody debris.
The overstory riparian vegetation is dense and consists of cedar, fir, alder, and maple along the
lower 1.5 miles of the stream. The upper reaches of Ohop Creek flow through a portion of the
Rainier Timber-Kapowsin tree farm (Campbell Group LLC), where logging roads and timber
harvesting have caused impacts to the stream (Marks et al. 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Ohop
Creek is not listed for any water quality impairments.

4.4.29.2 Shoreline Use Patterns

Ohop Creek - Kapowsin lies largely within unincorporated County lands in forest resource use.
There are no paved roadways within the shoreline planning area; although gravel timber roads lie
within close proximity to the stream. No levees or other significant shoreline modifications are
mapped along the creek.

The existing SMP Shoreline Environment designation of Ohop Creek is Conservancy. County
zoning and Comprehensive Plan designations follow existing land use patterns (99% Designated
Forest Land). The creek’s planning area is entirely outside the UGA.

Due to the forest resource land use in private timber, no existing or proposed points of public
access occur along the stream. Cultural resources have not been inventoried within the creek’s
planning area. However, seasonal hunting by the Puyallup Tribe could have occurred in the area,
and as such there is limited potential for the presence of cultural resources. No areas of special
interest within planning area have been identified.

4.4.29.3 Reach Scale Assessment

Ohop Creek — Kapowsin is a tributary to Kapowsin Lake. This shoreline is represented by one
(1) reach labeled OHOP_KAP_CR_01.

4.4.29.4 Restoration Opportunities

Restoration opportunities for Ohop Creek — Kapowsin include decommissioning or repairing
logging roads to prevent sedimentation, replanting riparian areas with native trees, and removing
failing culverts.
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4.4.30 Page Creek
4.4.30.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Page Creek is an approximately two-mile long tributary to South Prairie Creek. There are no
wetlands mapped in this shoreline planning area. The creek lies within active timber lands
outside of the National Forest.

Geologic and Flood Hazards

Page Creek extends from its headwaters south of Long Mountain to its confluence with South
Prairie Creek. Mudflow deposits are present in the valley floor. Sedimentary and volcaniclastic
rocks are exposed on the valley sidewalls, and are overlain by alpine glacial deposits. Flood
hazards are identified for the full extent of Page Creek. Erosion potential exists along about a
0.7-mile stretch in the middle portion of Page Creek.

Low-lying wet areas present in the valley floor in the upper reach of Page Creek indicate
possible zones with low infiltration rates and high runoff potential.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Page Creek supports coho and winter
steelhead. Coho has spawning habitat designated within the stream.

There are two priority habitats associated with Page Creek: the White River elk range, and the
South Prairie Creek riparian corridor.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Page
Creek is not listed for any water quality impairments.

4.4.30.2 Shoreline Use Patterns

Page Creek lies within unincorporated County lands in forest resource and rural uses. No levees
or other significant shoreline modifications are mapped along the creek. However, several
logging roads cross the creek including Grand Coulee Maintenance Road. Also BPA
transmission lines parallel and cross the stream near its confluence with South Prairie Creek.

The existing Shoreline Environment Designation of Page Creek is Conservancy. County zoning
and Comprehensive Plan designations follow existing land use patterns (95% Designated Forest
Land). The stream’s planning area is entirely outside the UGA.

No existing or proposed points of public access occur along the stream. Cultural resources have
not been inventoried within the creek’s planning area. However, seasonal hunting by the
Puyallup Tribe could have occurred in the area, and as such there is limited potential for the
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presence of cultural resources. No areas of special interest within planning area have been
identified.

4.4.30.3 Reach Scale Assessment

Page Creek, a tributary to South Prairie Creek, is represented by one (1) reach - PAGE_CR_01.
Little information is known about this creek.

4.4.30.4 Restoration Opportunities

Restoration opportunities for Page Creek are to decommission or repair logging roads to prevent
sedimentation into the stream.

4.4.31 Pinochle Creek
4.4.31.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Pinochle Creek is a tributary of the West Fork of the White River. Pinochle Creek originates
from the mountainous terrain north of Mount Rainier. The Creek has two small tributary streams:
Wrong and Cripple Creeks. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Pinochle Creek drains the slopes adjacent to Frog Mountain north of Mount Rainier and
eventually intersects with Viola Creek. The creek passes over undifferentiated volcaniclastic
rocks and deposits. No hazards are currently identified for Pinochle Creek; however flood
hazards probably exist given the creek’s mountainous catchment.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Pinochle Creek supports spring Chinook,
coho, and winter steelhead. In addition, the stream has a presumed presence of Dolly
Varden/bull trout. Both spring Chinook and coho have spawning habitat designated within the
stream, and winter steelhead have rearing habitat designated. Critical habitat has been
designated for Puget Sound ESU Chinook salmon. The Puyallup Tribal Fisheries report that
large numbers of coho are observed each season in two large pools just below the confluence
with Cripple and Wrong Creeks. There is an acclimation pond on Cripple Creek and returning
Chinook are likely a result of the pond (Marks et al., 2005).

The eastern half of Pinochle Creek flows through the White River elk range, a state priority
habitat area.
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Instream and Riparian Habitats

The stream is characterized as low gradient and unconfined with abundant woody debris from
the surrounding old growth forest (Marks et al., 2005). There is a falls located within the stream
that blocks upstream migration, and below it, there is excellent spawning and rearing habitat.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Pinochle
Creek is not listed for any water quality impairments.

4.4.31.2 Shoreline Use Patterns

Pinochle Creek lies entirely within the Mount Baker-Snoqualmie National Forest. There are no

paved roadways within the shoreline planning area; although gravel timber roads lie within close
proximity to the stream. No levees or other significant shoreline modifications are mapped along
the creek.

There are no Shoreline Environment Designations for Pinochle Creek in the County’s SMP.
County zoning and Comprehensive Plan designations follow existing land use patterns (100%
Designated Forest Land).

Recreational trails within the National Forest provide public access to this area. Cultural
resources have not been inventoried within the creek’s planning area.

4.4.31.3 Reach Scale Assessment

Pinochle Creek, a tributary to West Fork White River, is represented by one (1) reach —
PINO_CR_01. This reach has few alterations and is generally in natural condition.

4.4.31.4 Restoration Opportunities

Restoration opportunities for Pinochle Creek include decommissioning or repairing logging
roads to prevent sedimentation, and replanting riparian areas with native trees.

4.4.32 Rushingwater Creek

4.4.32.1 Physical and Biological Characterization
Processes and Channel Modifications
Drainage Basin, Tributary Streams and Associated Wetlands

Rushingwater Creek originates from the Golden Lakes in Mount Rainier National Park, and
flows over 5 miles to its confluence with the Mowich River at RM 0.6 (Marks et al., 2005). The
majority of the stream flows through the Rainier Timber-Kapowsin tree farm, which has
impacted several sections of the stream.

There are no wetlands mapped in this shoreline planning area.
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Geologic and Flood Hazards

Rushingwater Creek enters the Mowich River east of the confluence with the Puyallup River.
Rushingwater Creek flows west from Golden Lakes to its confluence with the Mowich River,
east of the Puyallup River. The creek passes over volcanic and sedimentary rocks, alpine glacial
drift, and minor alluvium. ldentified hazards along the creek include seismic and volcanic.
Areas of erosion potential are also present. The creek is not currently identified as a flood hazard
area, but flooding is possible given the creek’s mountainous catchment area.

Critical or Priority Habitat and Species Use

Rushingwater Creek supports coho and fall Chinook. Fish distribution maps indicate that fall
Chinook spawning habitat is provided in the segment closest to the fork with the Mowich River.
Critical habitat for these species is discussed below.

The Puget Sound/Strait of Georgia coho salmon is a species of concern and does not have
designated critical habitat. The Puget Sound ESU Chinook has critical habitat designated within
Rushingwater Creek. There is an acclimation pond located just off the main channel of
Rushingwater Creek at RM 0.6, and there are 40,000 to 100,000 coho yearlings released from
Rushingwater each year (Marks et al., 2005).

With respect to priority habitats and species use along or within the stream, the western half of
Rushingwater Creek flows through the White River elk range, a priority habitat, and
approximately 2,000 feet south of the creek, a northern goshawk has been sighted.

Instream and Riparian Habitats

The stream’s upper reach has pool and glide habitat, with fine and medium-sized substrate.
There is abundant instream woody debris and moderate to dense canopy cover throughout the
majority of the upper reach (Marks et al., 2005). In addition, there are many beaver structures
present in this reach. The lower reach of the stream, approximately 1.0 mile in length, consists
of a riffle-pool complex, and the substrate is dominated by large gravel, cobble and boulders
(Marks et al., 2005). Lands adjacent to Rushingwater Creek belong to the Rainier Timber-
Kapowsin tree farm (Cambpell Group LLC). Logging roads and timber harvesting activities
have impacted several areas of the stream (Marks et al., 2005).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b),
Rushingwater Creek is not listed for any water quality impairments.

4.4.32.2 Shoreline Use Patterns

Rushingwater Creek lies within unincorporated County lands in forest resource uses. No levees
or other significant shoreline modifications are mapped along the creek.

The existing Shoreline Environment Designation of Rushingwater Creek is Conservancy, where
it is mapped. The upstream portion of the planning areas has not been designated by the County.
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County zoning and Comprehensive Plan designations follow existing land use patterns (100%
Designated Forest Land). No existing or proposed points of public access occur along the
stream. Rushingwater Creek joins Mowich River just outside of the National Park boundaries.

4.4.32.3 Reach Scale Assessment

Rushingwater Creek, a tributary to Mowich River, is represented by one (1) reach. This reach is
labeled RUSH_CR_01.

4.4.32.4 Restoration Opportunities

Restoration opportunities for Rushingwater Creek include decommissioning or repairing logging
roads to prevent sedimentation, replanting riparian areas with native trees, and removing failing
culverts.

4.4.33 Saint Andrews Creek
4.4.33.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Saint Andrews Creek is a small tributary stream to the South Puyallup River. There are no
wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Saint Andrews Creek west flows along the south side of Klapatche Ridge, from the area between
the Puyallup and Tahoma Glaciers on Mount Rainier. It eventually connects with the South
Puyallup River. Saint Andrews Creek crosses volcanic rocks, volcaniclastic sediments and
rocks, and Quaternary alluvium. Identified hazards along the creek include seismic and volcanic.
Avreas of erosion potential are also present. The creek is not currently identified as a flood hazard
area, but flooding is possible given the creek’s mountainous catchment area.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that there is a documented presence of bull
trout/Dolly Varden within Saint Andrews Creek. Critical habitat has been designated within
Saint Andrews Creek for bull trout (Federal Register, 2005b).

There are no priority habitats associated with Saint Andrews Creek; however, there was one
spotted owl site recorded approximately 2,000 feet to the southeast of the creek.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Saint
Andrews Creek is not listed for any water quality impairments.
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4.4.33.2 Shoreline Use Patterns

Saint Andrews Creek lies within unincorporated County lands in forest resource uses. No levees
or other significant shoreline modifications are mapped along the creek.

There is no existing SMP Shoreline Environment Designation for Saint Andrews Creek. County
zoning and Comprehensive Plan designations follow existing land use patterns (100%
Designated Forest Land). The stream’s planning area is entirely outside the UGA.

4.4.33.3 Reach Scale Assessment

Saint Andrews Creek, a tributary to South Puyallup River, lies at the western boundary of Mount
Rainier National Park. This creek is represented by one (1) reach labeled STAN_CR_01.

4.4.33.4 Restoration Opportunities

Restoration opportunities for Saint Andrews Creek include decommissioning or repairing
logging roads to prevent sedimentation, replanting riparian areas with native trees, and removing
failing culverts.

4.4.34 Silver Creek
4.4.34.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

Silver Creek is a tributary to the White River. Silver Creek has one tributary stream: Elizabeth
Creek. There are no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

Silver Creek flows from headwaters in the area east of Crystal Mountain north to its confluence
with the White River. The drainage crosses over terrain consisting of volcanic and volcaniclastic
rocks, Quaternary lahar deposits, and landslide deposits. Seismic hazards are associated with
landslide deposits along Silver Creek. Flood hazards are identified along the creek. Volcanic
hazards are identified along the lower reach of Goat Creek approximately 0.5 miles upstream of
where it intersects with the White River. Landslide hazards are also unmapped for the creek, but
may exist given the presence of recent landslide deposits.

Critical or Priority Habitat and Species Use

Fish distribution maps (WDFW, 2007b) indicate that Silver Creek supports Dolly Varden/bull
trout. There is a small stretch of Silver Creek in which rearing habitat exists for this species.
Critical habitat has been designated for bull trout within Silver Creek (Federal Register, 2005b).

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), Silver
Creek is not listed for any water quality impairments.
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4.4.34.2 Shoreline Use Patterns

Silver Creek lies entirely within the Mount Baker-Snoqualmie National Forest. The shoreline
planning area surrounding the stream is characterized by forestry resource land use and
recreation. There are no paved roadways within the shoreline planning area; however, gravel
timber roads are present. No levees or other significant shoreline modifications are mapped.

The County SMP does not provide a Shoreline Environment Designation for Silver Creek.
County zoning and Comprehensive Plan designations show existing land use as 100%
Designated Forest Land.

Trails along Silver Creek within the National Forest provide public access. Winter access and
cross-country skiing occur in the vicinity of Silver Creek. Cultural resources have not been
inventoried within the Silver Creek planning area.

4.4.34.3 Reach Scale Assessment

Silver Creek, a tributary to the Upper White River, is located to the northeast of Mount Rainier
National Park. Silver Creek is represented by one (1) reach — SILV_CR_01.

4.4.34.4 Restoration Opportunities

Removal of a dam on Silver Creek was undertaken by the South Puget Sound Salmon
Enhancement Group (SPSSEG). The project was expected to improve upstream fish passage to
prime salmon and bull trout spawning habitat (SPSSEG, 2007). Other opportunities for Silver
Creek include decommissioning or repairing logging roads to prevent sedimentation, and
replanting riparian areas with native trees.

4.4.35 South Fork South Prairie Creek
4.4.35.1 Physical and Biological Characterization
Drainage Basin, Tributary Streams and Associated Wetlands

South Fork South Prairie Creek flows northward from Old Baldy Mountain to its confluence
with East Fork South Prairie Creek. Together, these creeks form South Prairie Creek. There are
no wetlands mapped in this shoreline planning area.

Geologic and Flood Hazards

The creek is established in dominantly volcanic rock from Mount Rainier. Alluvium and
Quaternary landslide deposits occupy the valley floors and localized alpine glacial soils may be
present on the ridge tops. A seismic hazard is associated with landslide deposits along the creek.
Flood hazards are currently unmapped for the creek. Landslide hazards are also unmapped, but
may exist given the presence of recent landslide deposits. The creek crosses several areas
mapped as having erosion potential.
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Critical or Priority Habitat and Species Use

South Fork South Prairie Creek supports coho, fall chum, pink salmon, winter steelhead, and fall
Chinook. In addition, it is presumed to support bull trout/Dolly Varden. Fish distribution maps
(WDFW, 2007b) indicate that South Fork South Prairie Creek provides spawning habitat for
coho, fall chum, pink salmon, winter steelhead, and fall Chinook. Critical habitat for these
species is discussed below. There is one priority habitat, the White River elk range, associated
with the South Fork of South Prairie Creek.

Instream and Riparian Habitats

No information specific to South Fork South Prairie Creek was found so the general data for
South Prairie Creek has been included below. South Fork South Prairie Creek lies within active
commercial timber resource lands. Most of the timber in the riparian zone has been harvested.

The upper canyon reach flows through a commercial forest and riparian vegetation consists of
second growth fir and alder (Marks et al., 2005). From the canyon to RM 6.0, the riparian zone
is relatively intact, consisting of mature hardwoods with some firs interspersed. Occasional
residential development exists along this stretch of the stream. The lower reach flows through
active agricultural land and the riparian zone is less extensive.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), South
Fork South Prairie Creek is not listed for any water quality impairments. However, the
mainstem of South Prairie Creek has multiple listings (see Section 4.4.36).

4.4.35.2 Shoreline Use Patterns

South Fork South Prairie Creek lies largely within unincorporated County lands, just outside the
Mount Baker-Snoqualmie National Forest. Private timber lands are the dominant land use type.
Gravel timber roads lie within close proximity to the stream. No levees or other significant
shoreline modifications are mapped. However, numerous clearcuts are visible on aerial
photographs of the basin, indicating that timber harvest has affected sediment transport and
reduced infiltration. The County SMP does not provide a environment designation for South
Fork South Prairie Creek; the land use is 100% Designated Forest Land. Due to the forest
resource land use in private timber, no existing or proposed points of public access occur along
the stream.

4.4.35.3 Reach Scale Assessment

South Fork South Prairie Creek is a tributary to South Prairie Creek. This creek is presented as
one (1) reach — SFSP_CR_01.

4.4.35.4 Restoration Opportunities

Decommissioning or repairing logging roads would prevent sedimentation into the South Fork
South Prairie Creek.
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4.4.36 South Prairie Creek
4.4.36.1 Physical and Biological Characterization
Processes and Channel Modifications
South Prairie Creek lies with the South Prairie basin. Key modifications include:

e Land cover conversion from forest to harvested forest, pasture, or limited urban land uses
which can changed timing, volume, and quality of runoff;

« Installation of a diversion dam for the City of Buckley on South Prairie Creek (Kerwin,
1999a);

o Installation of levees along Lower South Prairie Creek, and along the towns of South
Prairie and Wilkeson;

« Installation of bridge crossings associated with highways;

« Historical in-stream gravel mining;

e Removal of native riparian vegetation communities; and

o Development in the historical floodplain in the lower 5 miles of South Prairie Creek.

Drainage Basin, Tributary Streams and Associated Wetlands

The South Prairie Creek watershed covers 146 square miles. South Prairie Creek is a major
tributary to the Carbon River, and flows 21.6 miles from its headwaters within the Mount Baker-
Snoqualmie National Forest near the northwest corner of Mount Rainier National Park to its
confluence with the Carbon River. South Prairie Creek has several tributaries, of which
Wilkeson Creek is the largest (Ecology, 2006b).

Several large wetlands covering approximately 200 acres are mapped within the floodplain of
South Prairie Creek. Based on aerial photographs, these wetlands encompass forested, shrub,
and emergent habitats as well as disturbed areas. Mapped wetlands cover approximately 14% of
the South Prairie Creek shoreline planning area.

Geologic Hazards

South Prairie Creek extends generally westward from the confluence of East Fork South Prairie
Creek and South Fork South Prairie Creek. The creek flows through a valley incised into
sedimentary rock and volcanic and volcaniclastic rock and sediments. It then turns
southwestward to flow through a gorge cut into volcanic mudflow and glacial drift deposits. The
creek eventually joins the Carbon River. Seismic hazards are associated with alluvial, landslide,
and lahar deposits along South Prairie Creek. Landslide hazards and steep slopes are mapped
along the wall of the gorge near the intersection of South Prairie Creek and the Carbon River.
Volcanic hazards are identified along the lower portion of the creek. The majority of South
Prairie Creek is subject to flood hazards. Scattered areas with erosion potential are identified
near the junction with the Carbon River.
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Flood Hazards

The Federal Emergency Management Agency (FEMA) has prepared Flood Insurance Rate Maps
(FIRMs) that include South Prairie Creek and its main tributaries. For much of the higher
gradient portions of the basin, it appears that flooding width will be limited by the relatively
narrow valley morphology. There are areas where a wider alluvial valley has formed in lower
slope reaches. The floodplain is typically wider in these reaches, including the broad valley
directly upstream from Orting.

A USGS study suggested that the Lower Carbon River and South Prairie Creek levee system will
not be able to withstand flows near the 100 year recurrence interval flow (Prych, 1988). Failure
of the levee system would have significant consequences for the City of Orting. In general, the
resolution of flood mapping reduces with distance upstream, especially in the smaller tributary
streams. Site specific investigation would be necessary to better establish flooding regimes in
the upper watershed.

Critical or Priority Habitat and Species Use

South Prairie Creek supports coho, fall chum, pink salmon, winter steelhead, and fall Chinook.
In addition, it is presumed to support bull trout/Dolly Varden. Fish distribution maps (WDFW,
2007b) indicate that South Prairie Creek provides spawning habitat for coho, fall chum, pink
salmon, winter steelhead, and fall Chinook. Critical habitat for these species is discussed below.

Critical habitat for the Puget Sound DPS steelhead has not yet been designated. The Puget
Sound/Strait of Georgia coho salmon is a species of concern and does not have designated
critical habitat. The even and odd year ESU pink salmon do not have ESA critical habitat. The
Puget Sound/Strait of Georgia ESU chum salmon does not warrant an ESA listing and therefore,
does not have critical habitat. Puget Sound ESU Chinook salmon has critical habitat designated
in South Prairie Creek; however bull trout do not (Federal Register, 2005a; 2005b).

South Prairie Creek is considered one of the most productive streams in the Puyallup/White
River watershed, and is one of the index streams that the WDFW surveys for Chinook, pink
salmon, and steelhead (Marks et al., 2005). South Prairie Creek produces almost half of all of
the wild steelhead in the Puyallup River system, and has the only significant run of pink salmon
in the Puyallup River. The stream also has healthy returns of Chinook, coho and chum salmon,
and sea-run cutthroat trout (Kerwin, 1999a). Chinook spawning occurs primarily in the lower 8
miles and coho usage occurs in the middle to upper sections of the stream (Marks et al., 2005).

There are several priority habitats associated with South Prairie Creek: the South Prairie Creek
riparian corridor; South Prairie Creek wetlands, an assortment of forested, emergent marsh,
riparian and agricultural wetlands; urban natural open space, including steep slopes; a small elk
damage area; the White River elk range; the Carbon River riparian zone; small waterfowl
concentration areas; and Carbon River open space (WDFW, 2007a).

Instream and Riparian Habitats

The lower 5 miles of South Prairie Creek has been channelized and contained within constricting
levees or revetments that prevent the stream from occupying historical floodplain areas.
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The stream has many deep pools and several cascades as well excellent spawning gravel from
RM 0.0 to RM 12.6. The riparian zone evidences significant changes over the 15-mile stretch of
South Prairie Creek. The upper canyon reach flows through a commercial forest and riparian
vegetation consists of second growth fir and alder (Marks et al., 2005). From the canyon to RM
6.0, the riparian zone is relatively intact, consisting of mature hardwoods with some firs
interspersed. Occasional residential development exists along this stretch of the stream. The
lower reach flows through active agricultural land and the riparian zone is less extensive.

Water Quality

According to the 2004 Washington State Water Quality Assessment (Ecology, 2004b), South
Prairie Creek has two Category 4A listings for fecal coliform and temperature. In addition, the
creek also has one Category 2 listing for pH, as well as five Category 1 listings: ammonia-N,
dissolved oxygen, fecal coliform, pH, and temperature (Ecology, 2004b).

In 2003 Ecology completed a Total Maximum Daily Load (TMDL) process to address
temperature and fecal coliform bacteria impairments in South Prairie Creek. Point sources of
fecal coliform and temperature include the Wilkeson wastewater treatment plant and the South
Prairie wastewater treatment plant. Nonpoint sources include septic systems, dairy operations,
domestic animals, wildlife, and riparian vegetation removal (Ecology, 2003). In 2006, a Detailed
Implementation Plan was completed for implementation actions to achieve reductions in
temperature and the amounts of fecal coliform found within the stream.

4.4.36.2 Shoreline Use Patterns
Existing Land and Shoreline Use

South Prairie Creek (Reaches 1 through 4) passes through rural and agricultural areas, and
eventually into timber land. The shoreline planning area surrounding South Prairie Creek is
characterized largely by rural and agricultural development patterns in the lower reaches, with
areas of forestry occurring predominantly in Reaches 3 and 4.

Portions of roadways parallel South Prairie Creek, and several roadway bridge and major utility
crossings occur. Major overhead powerlines cross the river in Reach 2.

Shoreline modifications

No levees or other significant shoreline modifications are mapped along South Prairie Creek.
However, levees are documented by other sources in Lower South Prairie Creek, and along the
towns of South Prairie and Wilkeson.

Shoreline Environment Designations, Zoning, and Other Applicable Regulations

The existing SMP Shoreline Environment Designation of South Prairie Creek is Conservancy,
where it is mapped. County zoning and Comprehensive Plan designations are primarily
Agricultural Resource Land and Rural 10 in Reach 1, Rural 10 (greater than 40% in Reaches 1
through 3), Designated Forest Land (88% in Reach 4) and Rural 20. The majority of Reach 1
lies inside the UGA.
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Existing and Potential Public Access Areas

The Foothills Trail, a multi-purpose regional trail, follows portions of South Prairie Creek and
provides public access and recreation. The Trail goes from Buckley to McMillin as part of a
rails-to-trails conversion.

Historic and Cultural Resources

Cultural resources within the South Prairie Creek shoreline planning area include recorded pre-
contact materials and campsites. Native American use of the Middle Puyallup area, by the
Puyallup Tribe, included seasonal hunting and gathering campsites near the Puyallup, with the
same use patterns seen as described in the Lower Puyallup description. Recorded artifacts
include lithic scatters, charcoal deposits, and calcined bones (DAHP, 2007). Subsistence harvest
of anadromous fish (salmon and trout) and supplemental hunting of upland mammals occurred
along the Middle Puyallup and throughout the watershed (DAHP, 2007).

4.4.36.3 Reach Scale Assessment

South Prairie Creek is a tributary to the Carbon River with a total of 17.3 miles of shoreline.
This creek is divided into four (4) shoreline reaches from SOPR_CR_01 to SOPR_CR_04;
reaches are described in Table 4-13.

4.4.36.4 Restoration Opportunities

Pierce County ranked South Prairie Creek as one of its top priorities for habitat protection in
WRIA 10/12 in an effort to restore habitat for salmonids. Pierce County, the Cascade Land
Conservancy, the Boeing Company, and the Pierce Conservation District acquired the 107-acre
South Prairie Creek Preserve, adjacent to South Prairie Creek. This acquisition was considered
key in reducing bacterial pollution by eliminating direct livestock access to South Prairie Creek
(Ecology, 2006b). A follow-up study confirmed that fecal coliform bacteria concentrations
downstream from the property did in fact decline significantly after livestock were removed
(Brown and Caldwell, 2008).

The Pierce Conservation District Stream Team has worked over several years to install
thousands of native plants at the South Prairie Creek Preserve (PCD, 2008). The Washington
Water Trust is working with the conservation district to allocate water that was formerly used to
irrigate the land for salmon in South Prairie Creek (WWT, 2009).

The South Prairie Creek/South Silver Springs Tributary restoration project is another project that
will reconnect floodplain habitat and restore off-channel areas. Additional acquisition of
important salmon spa