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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.
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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 po