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Sponsored by: Councilmembers Jani Hitchen and Dave Morell
Requested by: County Executive/Planning and Public Works Department

ORDINANCE NO. 2023-41

An Ordinance of the Pierce County Council Adopting the "2023 Pierce
County Comprehensive Flood Hazard Management Plan™;
Amending Chapter 19D.60 of the Pierce County Code,
"Pierce County Storm Drainage and Surface Water
Management Plan,” to Include the Pierce County 2023
Comprehensive Flood Hazard Management Plan as a
Comprehensive Planning Document; and Commending the
Members of the Flood Plan Advisory, Steering and Executive
Committees for Their Dedication and Assistance in
Development of the Flood Plan.

Whereas, the Pierce County Council adopted Ordinance No. 91-197 on
January 28, 1992, which adopted the "Puyallup River Basin Comprehensive Flood
Control Management Plan" (1991 Plan); and

Whereas, the 1991 Plan focused on flood hazard reduction for the
unincorporated areas along the Puyallup, White, and Carbon Rivers, and recommended
a set of capital improvement projects and actions, many of which have been
implemented; and

Whereas, the 1991 Plan did not include the Nisqually River, Mashel River,
Greenwater River, or South Prairie Creek; and

Whereas, since the 1991 Plan was adopted, the Pierce County Council adopted
the Comprehensive Plan for Pierce County, Washington in November 1994 pursuant to
the State Growth Management Act; and

Whereas, the 2013 Pierce County Rivers Flood Hazard Management Plan and
2018 Update were adopted as a comprehensive planning document in Chapter 19D.60
of the Pierce County Code (PCC); and

Whereas, the Growth Management Act requires consistency between the
Comprehensive Plan for Pierce County, Washington and capital improvement plans for
public facilities; and
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Whereas, the previous versions of the Flood Plan did not include other types of
flood hazards beyond those associated with riverine systems; and

Whereas, the Pierce County Comprehensive Flood Hazard Management Plan is
a long-term plan to address all types of flooding (riverine, urban, coastal and
groundwater) and channel migration risks. The planning area for the Flood Plan
includes unincorporated Pierce County, and also includes programmatic
recommendations from incorporated cities within Pierce County; and

Whereas, as a part of the County’s participation in the National Flood Insurance
Programs Community Rating System Program, the County is required to update Pierce
County’s Flood Hazard Management Plan once every five years. This comprehensive
update sets policy and direction for the next five-year period. The Pierce County
Planning Commission conducted a public hearing on August 8, 2023, and
recommended approval of the Flood Plan Update. The Pierce County Council has
received the Staff Report and recommendation for approval of the Flood Plan from the
Pierce County Planning Commission; and

Whereas, the Pierce County Council has determined that the proposed Flood
Plan implements the Comprehensive Plan of Pierce County Washington; and

Whereas, adoption of the Flood Plan Update will continue to protect the public
health, safety, and welfare and will benefit all the citizens of Pierce County by
minimizing the loss of life, property, and economic activities due to flooding and channel
migration; and

Whereas, Pierce County is currently a Class 2 community through the
Community Rating System program which allows Pierce County residents to receive a
40 percent discount on their flood insurance Now Therefore,

BE IT ORDAINED by the Council of Pierce County:

Section 1. The Pierce County Council hereby adopts the "Pierce County 2023
Comprehensive Flood Hazard Management Plan," as shown in Exhibit A, which is
attached hereto and incorporated herein by reference.

Section 2. Chapter 19D.60 of the Pierce County Code, "Pierce County Storm
Drainage and Surface Water Management Plan," is hereby amended as shown in
Exhibit B, which is attached hereto and incorporated herein by reference.
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Section 3. The Pierce County Council commends the members of the Flood

y
2| Plan Advisory, Steering and Executive Committees for their dedication in

3 | assisting in the development of the Comprehensive Flood Hazard Management

41 Plan.
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: LAND ACKNOWLEDGMENT

Y

-I-He land now identified as Pierce County
for thousands of

years been the traditional territory and home
for the Puyallup, Nisqually, Squaxin Island, and
Muckleshoot people.

We respectfully recognize the people of these &4
four federally recognized tribes as past, preseng =
and future guardians of this land both culturally
and legally, as evidenced by their respective it

treaties. Y ;‘

We acknowledge these Tribal governments andigl I
their respective roles today in protecting and
taking care of these lands and resources. We B4
are grateful to have the opportunity to live and,—z-:;
work here. 7=

With this plan, we commit to working together m

in stewardship of their homeland where we
mutually work, reside, and recreate. \3 !

Exhibit A to Ordinance No. 2023-41, Page 2 of 875



Exhibit A to Ordinance No. 2023-41, Page 3 of 875



2023 Comprehensive Flood Hazard Management Plan Contributors

The following tables below include the names of those committee members that were a
part of the 2023 Comprehensive Flood Hazard Management plan. Without these key
individuals, this plan update would not have been possible.

2023 Comprehensive Flood Hazard Management Plan
Advisory Committee Members

Name

Organization or Interest

Lisa Tobin

City of Auburn

Tim Carlaw

City of Auburn

Jason Sullivan

City of Bonney Lake

Royce Young City of Dupont
Jeremy Metzler City of Edgewood
Greg Vigoren City of Fife
Chris Larson City of Fife
Brian Avis City of Fife
Tyler Bemis City of Fircrest
Jeff Langhelm City of Gig Harbor
Paul Bucich City of Lakewood
Dustin Madden City of Milton
Jose Magana-Bedolla City of Milton
John Bielka City of Orting
Scott Larson City of Orting
Greg Reed City of Orting
Jim Morgan City of Pacific

Hans Hunger

City of Puyallup

Robert Wright

City of Sumner

Dana Deleon

City of Tacoma

Sue Coffman

City of Tacoma

Angela Gallardo

City of Tacoma

Jim Parvey

City of Tacoma

Shauna Hansen

City of Tacoma

David Swindale

City of University Place

Nuri Avcular

City of University Place

Pierce County 2023 Comprehensive Flood Hazard Management Plan

@ Pierce County
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2023 Comprehensive Flood Hazard Management Plan
Advisory Committee Members

Name

Organization or Interest

Terri Berry

Town of South Prairie

Tony Caldwell

Town of South Prairie

Carolyn Norris

Town of South Prairie

Paul Loveless

Town of Steilacoom

Marie Wellock

Town of Wilkeson

Emily Terrell

Sound Municipal Consultants

Jessie Gamble

Master Builders of Pierce County

Patrick Reynolds

Muckleshoot Indian Tribe

Martin Fox

Muckleshoot Indian Tribe

Brent Bower

National Weather Service

Justin Hall

Nisqually River Foundation/Nisqually River Council

Isabel Ragland

Pierce Conservation District

Kjristine Lund

Pierce County Flood Control Zone District

Northwest Seaport Alliance

Alisha Pena
Char Naylor Puyallup Tribe of Indians
Russ Ladley Puyallup Tribe of Indians
George Walter Nisqually Tribe
Matt Mega Tahoma Audubon
Matt Gerlach Washington State Department of Ecology

Darrin Masters

Washington State Department of Fish and Wildlife

Ben Welch

National Park Services

Duncan Foley

Local resident

Cathy Tarricone

Local resident

Jerome O’Leary

Local farmer/ Real Estate Agent

Kevin Freeman

Local resident

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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2023 Comprehensive Flood Hazard Management Plan

Steering Committee Members

Name Organization or Interest
Angela Angove Pierce County Surface Water Management
Al Amirzehni Pierce County Surface Water Management
Angie Silva Pierce County Planning and Public Works
Brian Johnston Pierce County Office of the County Engineer
Chris Cooley Pierce County Executive's Office
Debbie Bailey Pierce County Department of Emergency Management
Helmut Schmidt Pierce County Surface Water Management
Harold Smelt Pierce County Surface Water Management
Jesse Hamashima Pierce County Office of the County Engineer
Hugh Taylor Pierce County Council Office
Mark Schumacher Pierce County Maintenance & Operations
Todd Essman Pierce County Surface Water Management
Maureen Meehan Pierce County Surface Water Management
Mike Poteet Pierce County Planning and Public Works
Miranda Heimbuch Pierce County Sewers
Anne-marie Marshall-Dody Pierce County Surface Water Management
Melissa McFadden Pierce County Office of the County Engineer
Tiffany O'Dell Pierce County Parks
Harold Smelt Pierce County Surface Water Management
Mitch Brells Pierce County Planning and Public Works
Sarah Grice Pierce County Office of the County Engineer
Rob Allen Pierce County Economic Development
Sean Gaffney Pierce County Planning and Public Works
Tom Kantz Pierce County Surface Water Management
Pierce County 2023 Comprehensive Flood Hazard Management Plan
@ Pierce County
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2023 Comprehensive Flood Hazard Management Plan

Executive Management Team

Name .Organization or Interest

Jen Tetatzin Director of Planning and Public Works
Bruce Wagner Deputy Director of Planning and Public Works

Melanie Halsan Assistant Director of Planning and Public Works
Kevin Dragon Assistant County Engineer
Chris Cooley Strategic Advisor

Catherine Rudolph Strategic Advisor Community and Regional Affairs
Sarah Colleen Sotomish Senior Counsel for Tribal Relations
Jody Ferguson Director of Emergency Management

Consultant Team ‘

Consultant Name
Environmental Science Associates 2021 Comprehensive Levee Setback Feasibility Study
Herrera Environmental Flood Hazard Management Plan Technical Support
Contractors
EcoNorthwest Flood Risk Assessment and Economic Analysis
UW Climate Impacts Group How will Climate Change Affect Flooding in Pierce County?
Herrera Environmental Environmental Impact Statement
Contractors

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Chapter 1: Introduction

1 Introduction

Since 1994, Pierce County has experienced an estimated 30 major flooding events that were either
classified as riverine flooding, urban flooding, coastal flooding, or groundwater flooding. Flooding
impacts our community in many ways and affects our agriculture, residential, commercial, and
industrial lands. Pierce County continues to expand our knowledge and understanding of the
various flood hazards that impact our community and will continue to provide flood services
throughout the county while working together with our local jurisdictions.

This 2023 Pierce County Comprehensive Flood Hazard Management Plan (2023 Flood Plan)
outlines how Pierce County will address and manage flooding and channel migration hazards
throughout the county over the next 10 years. This plan will also identify a level of service that the
county will provide as new projects are constructed.

The Flood Plan replaces the 2013 Rivers Flood Hazard Management Plan and its 2018 Flood Plan
update and expands its scope to include urban flooding, groundwater flooding, and coastal
flooding. Like its predecessor, this 2023 Flood Plan was developed to meet the requirements of
Washington Administrative Code (WAC 173-145) related to Comprehensive Flood Control
Management Plans, Chapter 86-12 RCW (flood control by counties), and the Federal Emergency
Management Agency's (FEMA) Community Rating System guidance for floodplain management
planning under the National Flood Insurance Program.

1.1  Purpose of the Plan

The purpose of this plan is to identify, policies, programs, and projects that will:

® Reduce the impacts to the community from major flooding events.
®* Reduce damage to critical infrastructure and private improvements.
®* Reduce ongoing maintenance costs.

®* Improve habitat conditions while protecting and maintaining the regional economy.

This 2023 Flood Plan addresses the range of resource and policy issues facing local governments,
resource managers, Tribes, property owners, and businesses and recommends specific actions
that Pierce County and its partners can take to address all types of flooding (riverine, urban,
coastal, and groundwater) and channel migration risks.

This 2023 Flood Plan was developed using the best available technical information, an inclusive
stakeholder and public-involvement process, and a multi-disciplinary team of Pierce County staff
and supporting consultants. See Section 1.6, Planning Process, and Figure 1.2 in that section, for
more detailed description of the process and those involved. This plan considers complex
economic, social, and cultural conditions in county watersheds; federal, state, and local
regulations; and existing legal agreements (e.g., Tribal, U.S. Army Corps of Engineers [USACE]). The
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Chapter 1: Introduction

recommendations found within this plan have the support of Pierce County staff and the Flood
Hazard Management Plan Advisory Committee (Advisory Committee).

1.2  Geographic Scope

The geographic scope of this 2023 Flood Plan includes Pierce County’s nine watersheds, all cities
and towns, the two major river systems in the county (Puyallup and Nisqually) and their major
tributaries, streams, and the Puget Sound shoreline. Table 1.1 shows the planning area covered by
this plan.

Table 1.1. Watersheds in Pierce County

Watersheds Total Acres

Chambers Bay/ Clover Creek 106,798
Clear/Clarks Creek 21,044
Gig Harbor/Key Peninsula 79,292
Hylebos-Browns Point-Dash Point 15,959
Middle Puyallup 33,357
Muck Creek 56,467
Nisqually 232,170
Upper Puyallup 253,310
White River 241,706
Watershed Total 1,040,113
Note:

Source: EcoNorthwest Flood Risk Assessment and Economic Analysis April 2022

Pierce County’s nine watersheds (see Figure 1.1) include forests, national parks, and wilderness
areas in the upper watersheds; rural and agricultural uses in the mid to lower watershed areas;
and urban areas dispersed throughout the Chambers Bay/Clover Creek watersheds.

This 2023 Flood Plan also captures the planning areas that include the urban, coastal, and
groundwater flooding areas of Pierce County.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 1.1. Watersheds in Pierce County
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1.3 Goals

Goals describe broad outcomes that this 2023 Flood Plan should achieve, as agreed upon by the
Comprehensive Flood Hazard Management Plan Advisory Committee and Steering Committee.
These goals, which are listed below, provide direction and focus on the end results.

® Support resilient communities, compatible economic activities, and improve habitat conditions
in areas prone to flooding/channel migration.

* |dentify and implement flood hazard management activities in a balanced, cost-effective, and
environmentally conscious manner.

® Reduce risks to life and property from river/channel migration and coastal, groundwater, and
urban flooding.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Address all flooding types in this plan in a cost-effective and financially achievable manner over
a 10-year period.

Support municipalities in their efforts in floodplain management practices.

1.4  Objectives

The 2023 Flood Plan objectives listed below are more specific statements of action that the two
committees involved in the planning process (see Figure 1.2 in Section 1.6, Planning Process,
below) agreed would move the plan toward attainment of its goals.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Evaluate the risks to public safety and existing development from all flood hazards (e.g., critical
facilities, infrastructure, and structures).

Examine and prioritize opportunities to reduce risk to life and property, while reducing
economic and environmental impacts of flood hazards.

Regulate development in flood-prone and channel migration hazard areas to minimize risks to
life, property, and habitat.

Manage riverine flood risk reduction facilities in a cost-effective manner that makes the
facilities less susceptible to future damage, reduces impacts on habitat, and ensures
consistency with public law (PL) 84-99, and similar federal, Tribal, and state laws and programs.

Identify and pursue projects with multiple benefits (e.g., salmon recovery, aquatic and riparian
habitat, water quality, open space, public access, and agricultural resources).

Prioritize projects and programs based on the level of risk, benefit, cost effectiveness and
effects on habitat over the life of the plan or facility.

Coordinate among Pierce County departments, local governments, and other agencies and
Tribes to seek consistency in flood hazard management, development regulations, and flood
disaster response and recovery.

Implement an adaptable county-wide public education and outreach program to improve
flood awareness that includes actions people and communities can take to reduce their risks
(e.g., flood insurance, flood-proofing).

Where feasible, remove or modify existing flood risk reduction facilities to protect, restore, or
enhance critical riparian or in-stream habitat that benefits threatened or endangered species;
protect and enhance natural systems that reduce flood risk.

Increase our understanding and incorporate best available science regarding climate change
into flood hazard management decision-making.
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® Review current and establish future design and management strategies for existing and new
flood risk reduction facilities.

* |dentify repetitive-loss properties and properties needed for future flood risk reduction
facilities.

® Provide for the participation of stakeholders in the assessment of acceptable risks, evaluation,
and ranking alternatives; natural resources management issues; and development of plan
recommendations.

* |dentify supplemental funding sources for implementing recommended flood hazard
management activities.

®* Monitor the effectiveness of projects and repairs to learn from successes, develop long-term
cost-effective approaches, and reduce the need for costly solutions.

®* Maintain a network of accurate stream flow weather gauges and water quality stations to
inform management decisions.

1.5 Guiding Principles

Guiding principles are the facts, scientific foundation, and broad philosophy agreed upon by the
two committees involved in this flood plan development (see Section 1.6). The guiding principles
listed below guided the development of this 2023 Flood Plan recommendations and projects.
These principles serve as a frame of reference for evaluating flood risks, identifying the range of
management alternatives, and developing recommendations.

® River flooding and channel migration are natural processes that continually form and alter
river valleys and the floodplain landscape. Rivers transport water, sediment, and woody
material that may threaten public safety and infrastructure in flood-prone areas. Biological
productivity and diversity are sustained by natural riverine processes, such as flooding, that
create and alter aquatic habitats that sustain fish and wildlife species.

® Activities in the watersheds impact flooding, channel migration, habitat, shorelines,
groundwater, and water quality.

* Flood damage creates costs for both public and private entities. Effective flood hazard
management can reduce long-term damage costs. Public infrastructure and private
improvements located in areas potentially affected by flooding are vulnerable to flood
damage. Funding for structural flood risk reduction projects is limited.

* Development in flood-prone areas should be minimized and designed to reduce risks to life
and property. Adverse impacts of development can be minimized by practices that preserve
and enhance environmental functions.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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® Flooding is a natural process that will continue to occur in many forms throughout Pierce
County. The county will continue to find ways to avoid, minimize, and mitigate the impacts of
flooding to the community and strive to build a more resilient community.

®* Development of an effective flood hazard management plan requires communication and
involvement of diverse groups of residents, stakeholders, and landowners.

®* Promote community stewardship and a risk-informed approach to personal safety. Outreach
should include information on programs at the state, federal, and local level for public
agencies and individuals.

® Use an adaptive management approach when implementing the flood hazard management
plan, while recognizing our levels of understanding of natural processes, climate change, and
our use of the built environment will change over time.

® Leadership and cooperation among affected governments and public agencies is essential for
the success of long-term flood hazard management.

® Beneficial functions of floodplains and rivers can be achieved by restoring, preserving, and
enhancing natural processes.

®* Adequate and stable funding is necessary for ongoing flood risk reduction activities and
maintenance of existing facilities.

® Ariver and its valley floor, including adjacent floodplains, floodways, and potential channel
migration areas, contribute a corridor through which floodwaters flow and within which
opportunities exist for agriculture.

1.6  Planning Process

Development of this 2023 Flood Plan was led by the Pierce County Planning and Public Works,
Surface Water Management (SWM) Division. Many Pierce County departments guided the
development of this plan:

®* Pierce County Emergency Management

® Pierce County Maintenance & Operations Department
® Pierce County Transportation

® Pierce County Government Relations

® Pierce County Parks and Recreation

® Pierce County Planning and Public Works
- Pierce County Human Services
- Pierce County Airports and Ferries
- Pierce County Sewers
- Pierce County Planning Department

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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- Office of the County Engineer
- Resource Management

- Economic Development

- Development Engineering

Figure 1.2 outlines the various planning teams that assisted with developing this flood plan.

Figure 1.2. 2023 Flood Plan Planning Teams

Advisory
Committee
Members

Disappearing
Task
Groups

Steering
Committee
Members

Executive
Management
Team

A Steering Committee (composed of the SWM management team) reviewed all elements of this
flood plan prior to broader external review.

On April 8, 2021, the Advisory Committee was convened (virtually) to advise Pierce County on
development of the 2023 Flood Plan and provide technical and other input on many of the plan’s
elements, including goals, objectives, and guiding principles. This committee also provided
additional information on riverine, coastal, urban, and groundwater flooding and provided input
on Pierce County capital projects. The Advisory Committee consisted of 30 members, of which
over 50 percent live or work in the flood hazard areas covered by this plan. The Advisory
Committee met 11 times between April 2021 through February 2023.

Throughout the planning process (see Figure 1.3), virtual Disappearing Task Group (DTG) meetings
were held to discuss and provide input on various topics in this plan. A DTG is made up of

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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individuals with expertise pertinent to a specific goal or goals; this ensures that the needed
expertise is involved in discussions without partners/stakeholders needing to commit to yet

another long-lasting committee. During the planning process, DTG group members met on the

following topics:

Problem/project ranking criteria
Coastal flooding

Urban flooding

Groundwater flooding

Cities' programmatic recommendations

Figure 1.3. Planning Process for 2023 Flood Plan Development

Planning
Process

Virtual Scoping . ﬁ . ﬁ Advisory Committee . —

() Executive Management Team [ Y ) Steering Committee [ o

Comprehensive Flood FCZD Advisory Committee
Hazard Management Plan Council Study Sessions

[
A

Pierce County Planning — oIt Ie <«
*Inactive as of
(Open Houses)

Council Commission Summer 2022.

Information gathered during the DTG meetings is seen throughout this plan. Because of these
DTGs, SWM was able to gather additional details on specific flooding locations needed for coastal,
urban, and groundwater flooding across the entire county.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Additionally, 2023 Flood Plan elements that were created by the Advisory Committee and/or the
DTGs were also reviewed by the Steering Committee (which was composed of Pierce County staff
from various departments) and by the Executive Management team (which was composed of
members from the Executives office and directors from Pierce County departments).

1.6.1 Outreach

In 2019, prior to drafting the 2023 Flood Plan outline, Pierce County SWM met with the Puyallup
Tribe and the Muckleshoot Tribe to discuss the 2013 Flood Plan as well as supporting studies and
methodologies that have been used since the development of the 2013 Flood Plan. Staff gathered
input from both Tribes on what topics they would like to see in this 2023 Flood Plan, along with
potential programmatic recommendations and actions.

In December 2020, the notification shown in Figure 1.4 was sent to all postal customers in Pierce
County (including residential and business addresses) informing them about the flood planning
process and inviting their input through a flood survey (http://piercecountywa.gov/floodsurvey). A
total of 241 individuals responded to the survey, which allowed us to have a better understanding
of how our community defines flooding and how flooding has impacted the the public within
Pierce County.

Figure 1.4. Flood Plan Notification Post Card

2023 Comprehensive Flood Hazard Management Plan

@ Pierce County Flooding in Pierce County We want to hear from you
2702 South 42nd Street Flooding can close highways, disrupt business  The County is intending to prepare a
Suite 201 - d .
Tacoma, WA 98409 and damage public and private property. Not ~ State Erwnrcmm_ental Policy Act (SEPA)
to mention flooding affects our communities. environmental impact statement on the
potential effects of the flood plan, There will
Pierce County currently spends $5 million - be a 45-day scoping comment period starting
$10 million yearly on flood protection and December 14, 2020 and ending January 31,
maintenance. This work is guided by the flood 2927
hazard management plan which is currently
being updated to include other flood hazards.  Please visit our website, piercecountywa.gov/
comprehensivefload, to:
How you can help +  Watch the recorded presentation
s We want to hear from you as Pierce County ~ +  Provide your comments
Managm,g Is creating a Comprehensive Flood Hazard +  Take the surve
Floodingfmm Management Plan. In additien to riverine . Y:
Je fleoding, this plan will address three plercecoun tywa.gov/floodsurve; Y
Mount Rainier to additional flood hazards; coastal, urban, and

groundwater flooding

Puget Sound

Contact us >
2023floodplan@piercecountywa.gov | piercecountywa.gov/comprehensiveflood @

A combined flood plan and EIS scoping period was conducted from December 14, 2020, to
January 29, 2021, during which the county invited community residents to share and provide
feedback on the outline and scope for the 2023 Flood Plan. SWM received 14 responses or
comment letters.

Open Houses

A series of in-person public open houses were held at four locations in Pierce County during the
public comment period that started on March 21, 2023 and ended on May 3, 2023. During these
open houses, the County sought: (1) input on issues, concerns, and problem identification,

(2) perspectives on management strategies, plan alternatives, and options, and (3) comments on
draft plan recommendations. The image shown below is of the postcard that was sent in March
2023 to residents that live in unincorporated Pierce County to notify them up the upcoming public

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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comment. Media kits which contained postcards, a copy of the flood plan press release, a fact
sheet, and social media content was sent out to each city in Pierce County to distribute in their
communities.

COMMUNITY OPEN HOUSE Q@¢

2023 Comprehensive Flood Hazard Management Plan

WU Thu,MARCH23 Burley Community Hall
ﬁ 5-7p.m. 14853 Burley Ave. SE., Burley, WA 98322

McMillin Grange
12615 SR 162 E., Puyallup, WA 98374 E=

Pierce Co. Central Maintenance Facility
4812 196th St. E., Spanaway, WA 98387

WA Weds, APRIL12  Sprinker Recreation Center
m 5-7p.m. 14824 C St. S., Tacoma, WA 98444

SHARE YOUR THOUGHTS
on how we address and manage [
PierceCountyWa.gov/FloodPlan flood hazards for the next 10 years.

If residents were not able to attend the in person open houses, a virtual open house was made
available for individuals to provide comments on the draft flood plan. This online open house gave
an opportunity to provide feedback on the draft plan before it went through various committees
for approval and later adoption. Below is an image of the online open house that was used during
the public comment period.

Pierce County 2023 Flood Plan Created by Seva Workshop I3 W & % Pierce County)|

Welcome  TheFlood Plan  Flood Types  Capital Projects  Programmatic Actions  CityPlans  EIS  DeepDives  We want to hear from yout

Welcome

Welcome to'the 2023 Pierce County Comprehensive Flood Hazard Management Plan Online
Open House!

Twenty public comments were received during the open comment period. This included one letter
from the Muckleshoot Indian Tribe, one letter stating there are no comments from the Puyallup

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Tribe of Indians, three agency letters (received from Port of Tacoma, Department of Ecology and
Department of Fish and Wildlife), 14 comment forms from the open houses, and one public
comment letter. Comments have been evaluated and are addressed in this plan where
appropriate.

1.7 2013 Flood Plan/2018 Flood Plan Update Accomplishments

The 2013 Flood Plan and the 2018 Flood Plan Update, while focused on Pierce County rivers, had a
similar purpose as this plan: to recommend regional policies, programs, and projects that reduce
the risks to public safety; reduce property damage; reduce maintenance costs; and improve
conditions while protecting and maintaining the regional economy. Since the adoption of the 2013
Flood Plan and its 2018 update, SWM has continued to implement flood risk reduction actions in
the community by the following:

®* Completing nine flood risk reduction projects
®* Removing 118 structures in the floodplain

® Increasing the number of flood insurance policies in the county due to an extensive public
outreach program

®* Improving partnerships with regulatory agencies and tribes; and

® Continuing as a Class 2 ranked community according to the Community Rating System
program (for additional information see Chapter 5.6.1 in Chapter 5, Programmatic
Recommendations)

Table 1.2 identifies the programmatic recommendations from the 2013 Flood Plan and its 2018
update and how Pierce County addressed these recommendations.

Table 1.2. Summary of 2013 Flood Plan/2018 Flood Plan Update Programmatic Recommendations

Summary of 2013/2018 Programmatic Recommendation Accomplishment

Flood Plan-Wide These recommendations address the Pierce County adopted DFIRMS in
(FPW) #1 adoption and use of preliminary FEMA February 2017, which led to county
Floodplain flood maps (DFIRMs) and other flood code updates and improved
Mapping studies; subsequent periodic update of standards for flood safety.

such studies; related communication with
agencies and the public; and other issues
related to flood hazard mapping.

FPW #2 Channel These recommendations address Pierce County’s CMZ mapping project

Migration Zone adopting the channel migration zone (1) adopted CMZ studies for upper

Mapping (CMZ) studies and maps for South Prairie | Nisqually and South Prairie Creek and

Regulations (1) Creek (2005) and upper Nisqually River (2) completed studies for Greenwater
(2007) areas. and upper White Rivers.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Summary of 2013/2018 Programmatic Recommendation Accomplishment

FPW #2

Channel Migration
Zone Mapping
Regulations (2)

FPW #3
Technical
Assistance on
Floodplain
Information

FPW #4

Flood Insurance
and the
Community Rating
System

FPW #8
Floodplain
Acquisition and
Home Buyouts

FPW #9
Home/Structure
Elevation and
Floodproofing

These recommendations address
mapping the CMZ hazards on the
Greenwater, upper White, middle
Nisqually, and Mashel rivers. Upon
completion, these CMZ maps should be
adopted.

These recommendations address internal
Pierce County training for staff to remain
subject matter experts and a regional
resource for local communities in flooding
and channel migration issues.

These recommendations address
participation in the National Flood
Insurance Program and the Community
Rating System (CRS), to encourage
communities to achieve a CRS rating of
Class 5 or better.

These recommendations address
identification and evaluation of floodplain
properties for home buyouts or property
acquisition.

These recommendations address
technical assistance provided to
floodplain property owners.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Pierce County completed and
adopted the upper Nisqually River
channel migration zone study in 2017.
Studies have also been completed for
the Greenwater River in 2017 and the
upper White River in 2020. Both of
these latter studies have not been
adopted at this time this flood plan
was prepared.

Pierce County conducted flood
response training with
Operations/SWM staff.

Pierce County maintained a Class 2
rating in the CRS program while
promoting and supporting other
communities to join. By continued
participation in the CRS program, the
public in unincorporated Pierce
County are allowed to buy flood
insurance in their community.

SWM successfully litigated flood
regulations that led to the removal of
illicit private levee, and now 32 mobile
homes are no longer in the floodway.
The existing RVs allow the business to
continue at a much lower risk.

Beginning in 2017, SWM re-vamped
their annual outreach program to
target specific floodplain areas to
increase awareness of the type of
flooding they may experience. SWM
has also updated the website to
provide more technical information
and resources for homeowners.
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Summary of 2013/2018 Programmatic Recommendation Accomplishment

FPW #10
River Channel
Monitoring

FPW #12

Facility Repair &
Maintenance -
PL84-99 Program

FPW #14

Flood Education
and Outreach
Program

These recommendations address
monitoring of river channel conditions,
including river stage and flow, cross-
sections, conveyance capacity,
sedimentation trends, topography, light
detection and ranging (LiDAR).

These recommendations address Pierce
County's participation in:

e U.S. Army Corps of Engineers’ (USACE)
PL84-99 program for emergency
response activities and rehabilitation
of flood risk reduction facilities

e Engaging in review of levee
maintenance standards

e Maintaining program eligibility while
pursuing bio-engineering designs

e Notifying and coordinating with and
seeking input from resource agencies
and tribes in implementation

These recommendations address
consistency of education and outreach
activities with the CRS program; outreach
to floodplain property owners through an
annual mailing; promotion of all aspects
of the county's flood hazard management
program; promotion of flood
preparedness and purchase of flood
insurance; and internal and external
coordination and collaboration

Pierce County should increase promotion
of the purchase and maintenance of flood
insurance through the National Flood
Insurance Program (NFIP). Education and
outreach efforts should focus primarily on
river floodplain property owners, real
estate agents, and insurance companies.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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SWM monitors river channel
conditions every fall prior to flood
season to identify active hot spots. In
2020, the entire river system was
flown with high quality LiDAR during
winter low flow conditions in order to
track channel migration and
aggregation. Future LiDAR flights are
planned every three years to continue
tracking the fluvial gecomorphology.

SWM developed a System-wide
Improvement Plan that was
completed and accepted by USACE in
January 2017 that maintains eligibility
in the PL84-99 program.

SWM mailed notifications to more
than 15,000 property owners
regarding riverine, coastal, urban, and
groundwater flooding.

SWM responded to an average of
over 600 assistance calls per year.
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Summary of 2013/2018 Programmatic Recommendation Accomplishment

FPW #16
Emergency
Response and
Flood Fighting

FPW #17
Incidental Take
Authorization

FPW #18
Adaptive
Management

Pierce County should collaborate with
cities, towns and other agencies and
organizations on flood education and
outreach.

These recommendations address regional
coordination of response and recovery
services during and after flood events
through the Emergency Operations
Center; coordination with cities, towns,
tribes, state and federal agencies;
documenting all costs associated with
response activities; sand bagging support;
flood emergency exercises; and periodic
updating of guidance and protocols.

These recommendations address SWM
seeking incidental take authorization for
its activities that affect species listed as
threatened or endangered under the
federal Endangered Species Act (ESA).

Based on these recommendations, Pierce
County should use the principles of
adaptive management to assess
problems, define strategies and actions,
identify objectives, implement actions,
and monitor to determine if actions are
meeting objectives, evaluate and compare
actual outcomes, and adjust future
actions to reflect new understanding over
time. Projects and programs should be
monitored to assess their effectiveness
and the degree to which they function
relative to their stated purpose, goals, and
objectives.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Two SWM staff participate on national
committees. Additional staff actively
lead regional technical associations.
Pierce County is a model community
for good National Flood Insurance
Program practices.

SWM worked with Pierce County's
Emergency Management and
Maintenance & Operations
departments to support flood drills
and flood activations. Each fall, SWM
participates in the Pre-Winter
Weather Seminar hosted by
Emergency Management. During the
winter, SWM also works with
Maintenance & Operations to host a
flood response training that covers
topics such as Rapid Damage
Assessment, flood preparedness and
safety, and activation procedures.

SWM developed the Habitat
Conservation Plan which is expected
to be completed in 2023. The
resulting incidental take permit is
expected to be issued subsequently
after.

Pierce County completed the Clear
Creek Strategy Plan in 2020. This plan
identified several adaptation
pathways towards addressing several
issues in the Clear Creek community,
including flooding and drainage,
agriculture and land use, social
challenges, and fish habitat
ecosystem functions.
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Summary of 2013/2018 Programmatic Recommendation Accomplishment

FPW #19
Climate Change

FPW #23
Coordination with
Other
Jurisdictions,
Tribes, and
Agencies

FPW #25

Levee and
Revetment
Setback Program

PR #1/WR #1/CR #1
Sediment
Management and
Gravel Removal

These recommendations address
development of an approach to
incorporate information about climate
change, including predicted changes in
precipitation patterns, future peak flows,
and sediment transport into future
project designs and program
implementation, and working with
regional experts.

These recommendations address
coordinating with other jurisdictions in
flood plan implementation, including
cities/towns, counties, Tribes, state, and
federal agencies, and coordinating with
local governments adjacent to and across
the river from proposed capital projects.

These recommendations address
updating the levee and revetment
inventory map; updating the Setback
Levee Feasibility Study; performing a
comprehensive hydraulic study to
determine cumulative benefits of flood
protection of setback build-out scenario;
pursuing funding for design and
construction of setback projects; and
evaluating additional sites for possible
levee/revetment setbacks as new needs
are identified.

These recommendations address the
approach for sediment management and
gravel removal, including use of technical
data and studies; pursing levee setback
projects as the preferred means to
manage downstream sediment transport;
conditions under which gravel removal
may occur; evaluating alternative

approaches to gravel removal; monitoring

locations of gravel removal; and
convening a sediment management work
group to develop a plan to guide
sediment management and gravel
removal.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Pierce County published the
Climate Change Resilience Plan.

SWM established and is an active
participant in the Floodplains for the
Future group (see Section 4.4.1 for
additional information in Chapter 4).
SWM is also an active member in the
White River Dialog group and also
was a participant in the Countyline
Setback project.

SWM completed an updated Levee
Setback Feasibility Study was done in
support of this 2023 Flood Plan. See
Section 1.10.1 in this chapter for
additional information.

SWM completed feasibility studies for
Carbon River Bridge Street project
and 128th Street Comprehensive
Levee Setback Feasibility Study.

In 2019, for the Habitat and Flood
Capacity Creation Project (formally
called the Sediment Management as a
Risk Reduction Tool pilot project), a
final report that summarized the
previous 10-year project history and
lessons learned was completed.
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1.8 Relationship to Other Pierce County Plans

Numerous Pierce County plans, polices, and agreements informed the development of this 2023
Flood Plan. A brief overview of some of these plans, policies, and agreements is provided in the
following sub-sections.

1.8.1 Pierce County Comprehensive Plan, Community Plans, and Environmental
Regulations

The Comprehensive Plan was first developed and adopted in November 1994 in response to the
requirements of the Growth Management Act (GMA) and is codified in Title 19A of the PCC. It was
developed to address growth in the county over a 20-year period. Since then, the county has
created a new Comprehensive Plan adopted June 30, 2015, and effective June 30, 2016. This
updated plan addresses 14 goals that have been outlined by the Growth Management Act (RCW
36.70A). These goals are not listed in any particular order:

® Urban growth

®* Reduce sprawl

®* Transportation

®* Housing

®* Economic development

®* Property rights

®* Permits

® Natural resources industries
®* Open space and recreation
®* Environment

® (itizen participation and coordination
® Public facilities and services
® Historic preservation

® Shorelines

The Comprehensive Plan can be accessed at ADOPTED-Comprehensive-Plan-with-Community-
Plans-Effective-12-31-2020 (piercecountywa.gov).

Eleven unincorporated communities of Pierce County adopted individual community plans that
are a part of Pierce County's Comprehensive Plan. These community plans are intended to
supplement and refine policies laid out in the Comprehensive Plan as well as provide additional

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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information on the unique characteristics of each community. Below are the communities in
Pierce County that have an adopted community plan:

® Alderton-McMillin

®* Anderson - Ketron Islands
®* Browns Point - Dash Pont
®* Frederickson

® Gig Harbor Peninsula

®* Graham

® Key Peninsula

* Mid-County
® Parkland-Spanaway-Midland
® South Hill

®* Upper Nisqually Valley

Pierce County recently updated community plans for the Frederickson, Mid-County, Parkland-
Spanaway-Midland, and South Hill communities. Each update included a review of individual
community issues and identified issues that are common to all four areas. These plans were
updated simultaneously because they make up the majority of the county’s central urban growth
area. The major roads through these areas are connected, as are many of the issues facing these
communities, such as rapid growth, traffic, jobs, and housing.

Consistency with the Pierce County Community Plans (Title 19B), Critical Areas (Title 18E), and the
Shoreline Master Program (Title 20) is required for projects contained within the Flood Plan. The
2023 Flood Plan projects may be subject to special requirements (e.g., setbacks or buffers), design
standards, and mitigation measures contained within the Comprehensive Plan, depending upon
their location within the county and shoreline environment.

1.8.2 Surface Water Management Basin Plans

Within unincorporated Pierce County, SWM is guided by a series of nine basin-specific plans
developed in the 1990s that address flooding of the regulated floodplain within the watershed for
tributaries and other water bodies, identify existing conditions that affect storm drainage and
surface water, forecast future drainage conditions, and identify potential solutions for the streams
and tributaries not included within this 2023 Flood Plan. These basin-specific plans are used to
develop capital improvement projects, maintenance and repair projects, property acquisition, and
program schedules and budgets. During the development of this flood plan, the flood problems
that were identified in the nine basin plans are mentioned in Appendix A, which provides
additional information on the flood type, location, and the status of each problem.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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There are basin-specific plans for the following:

® (Clear/ Clarks Creek Basin

® C(Clover Creek Basin

®* Gig Harbor Basin

®* Hylebos Browns-Dash Point Basin
® Key Peninsula - Islands Basin

®* Mid-Puyallup Basin

®* Muck Creek Basin

® Nisqually Basin

®*  White River Basin

1.8.3 Pierce County Natural Hazard Mitigation Plan

In 2000, Congress passed the Disaster Mitigation Act of 2000 that requires local governments to
have federally approved natural hazard mitigation plans in order to be eligible for future pre-and
post-disaster mitigation funds. The overriding goal of this Act is to reduce risk and ultimately
reduce the cost of disaster recovery.

The Unincorporated Pierce County All Hazard Mitigation Plan identifies each department or
division’s role in providing services and its capabilities to protect and preserve Pierce County. The
plan identifies Pierce County’s “critical infrastructure,” their locations, and the mitigation strategies
necessary to protect these assets and services. The overall goals of the plan are listed below:

®* Protect life and property

® Ensure continuity of operations

® Establish and strengthen partnerships for implementation
® Protect the environment

® Increase public preparedness for disasters

®* Promote a sustainable economy

The Pierce County Department of Emergency Management is responsible for coordinating the
development of the Pierce County All Hazard Mitigation Plan, which includes the divisions and
agencies of Pierce County government. The Unincorporated Pierce County All Hazard Mitigation
Plan is part of the larger Region 5 All Hazard Mitigation Plan that includes the mitigation planning
of all other governments and local jurisdictions within Pierce County. As part of the adoption
process, the 2013 Flood Plan/2018 Flood Plan Update was incorporated by reference into the
Unincorporated Pierce County All Hazard Mitigation Plan. More information about the Pierce
County All Hazard Mitigation Plan can be found online at

Hazard Mitigation Plan | Pierce County Intranet, WA - Official Website.
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1.8.4 System Wide Improvement Framework (SWIF)

The SWIF levee vegetation management strategy represents a local preferred approach to levee
vegetation management in that it balances the needs of flood risk reduction with the habitat
needs of salmonids and other aquatic species found within the Pierce County river systems.
Currently, three of these species are listed as threatened under the ESA. The strategy
acknowledges the agreement established by federal decree (United States District Court, Western
District of Washington at Tacoma, Case No. C79-269T) between Pierce County and the Puyallup
Tribe of Indians relating to vegetation management along the Puyallup River system. The strategy
works within the constraints of that Court-ordered agreement and the USACE SWIF interim
guidance policy (USACE 2014b).

The strategy provides basic guidelines to help establish an appropriate balance between
maintenance of flood risk reduction structures and habitat considerations. The vegetation
management strategy is implemented annually and monitored for effectiveness and potential
impacts to fish and wildlife. The vegetation management program will be adaptively managed to
make adjustments as identified through routine annual monitoring.

The SWIF vegetation management strategy will be performance-driven, centered by three main
performance considerations:

® Risk: Flood risk reduction
® Habitat: Retention of functional habitat

®* Maintenance: Maintenance efficiency

1.8.5 Clear Creek Strategy Plan

The Clear Creek Strategy Plan is a long-range vision and framework to improve conditions related
to flooding and drainage, agriculture and land use, social challenges, and fish habitat ecosystem
functions. The strategy plan, which was developed in partnership with the community and
stakeholders, created solutions to achieve results desired by the people who live and work in the
Clear Creek/Riverside community. The strategy plan is a flexible, comprehensive document
intended to set the broader framework for projects and studies. It defines a pathway built on past
successes to develop community-generated projects, studies, and processes. The plan, which was
completed in 2020, guides decision-making, is a tool for education and communication, and
provides a long-range perspective for the Clear Creek/Riverside area.

The strategy plan is updated annually and will reflect any changes, recommendations, and
updates from this 2023 Flood Plan as they pertain to the Clear Creek/Riverside area.

1.8.6 Sustainability 2030: Greenhouse Gas Reduction Plan for Pierce County

The Sustainability 2030, Pierce County’'s Greenhouse Gas Reduction Plan (Sustainability 2030 plan)
outlines a 10-year goal and actions to take to reduce greenhouse gas emissions across Pierce
County government operations and the larger community. This plan was developed with
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numerous community Sustainability experts and Pierce County stakeholders. The Sustainability
2030 plan calls for Pierce County to reduce government operational and community-wide
greenhouse gas emissions 45 percent by 2030.

The Sustainability 2030 plan acknowledges and promotes four main co-benefits of reducing
greenhouse gas emissions: enhancing public health, improving water quality, promoting equity,
and strengthening the economy. The plan does this across five areas of focus: energy and the built
environment, transportation, consumption and waste reduction, carbon sequestration, and
education and outreach. Some relevant proposed actions include incentivizing green
infrastructure and removing impervious surfaces, creating a county conservation plan, partnering
with Tribes and others to identify ways to sequester carbon in estuaries and the nearshore
environment, and expanding programs to provide trees to county residents. These actions and
the plan’s larger greenhouse gas reduction goals support the 2023 Flood Plan’s overall purpose to
create a resilient community in part by improving habitat conditions and reducing risks to public
health.

1.8.7 Climate Change Resilience Plan

When Pierce County Council passed legislation endorsing the Sustainability 2020 Plan in 2016, a
portion of the plan called for “a completed Climate Change Resilience Strategy for Pierce County.”
This plan developed recommendations with priority action steps. The Climate Change Resilience
plan formally starts the process of preparing for the impacts of climate change in a manner that
should reduce risks to people and minimize financial losses to the County.

Just as this 2023 Flood Plan aims to create a community resilient to flooding, the Climate Change
Resilience plan addresses preparing for the impacts of climate change to reduce risks to people
and to minimize financial losses to the County. The Climate Change Resilience plan calls for
updating flood mapping, reviewing floodplain building standards, incorporating climate change
considerations into long-range planning efforts, and continuing to construct setback levees,
among additional actions.

1.9 Major Studies Supporting Plan Development

Five studies were undertaken as part of this planning effort to inform development and

implementation of the work outlined in this flood plan.

® Pierce County Comprehensive Levee Setback Feasibility Study Update (Environmental Science
Associates 2021)

®* Flood Risk Assessment and Economic Analysis (ECONorthwest 2022)

® Flood Inundation Study (ECONorthwest 2022)

® State Environmental Policy Act (SEPA) EIS (Herrera 2023)

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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1.9.1 Pierce County Comprehensive Levee Setback Feasibility Study Update

The Puyallup, Carbon, and White rivers within Pierce County have been continuously leveed since
1965. The placement of the levees not only straightened the channels, but also substantially
altered the form and function of the river channels. Beginning in the early 1900s, the previously
meandering rivers were disconnected from their respective floodplains to control flooding. Over
the past several decades, the floodplains have been used for agriculture and, more recently, for
urban development, which has significantly increased the risk of flooding and subsequent flood
damages. Detachment of the floodplains has created conditions that are detrimental to both
natural and developed environments—specifically, the loss of channel complexity and aquatic
habitat, normal floodplain functions such as flood and sediment storage, and off-channel aquatic
and riparian habitat.

The 2021 Comprehensive Levee Setback Feasibility Study Update (2021 study update) represents a
continuation of prior efforts completed by Pierce County over the last two decades to identify,
design, and implement projects to remove or modify levee structures that have been linked to
flood and habitat impacts, to the benefit of both human and aquatic communities. To date, six
levee setback projects have been completed in the Puyallup, Carbon, and White river watersheds.

Two previous studies have evaluated and prioritized levee setback project sites within the
Puyallup, Carbon, and White river watersheds with the objective of identifying opportunities to set
back existing levees and reconnect the river channel with its floodplain to recover lost flood
storage and aquatic habitat. The 2008 Levee Setback Feasibility Analysis (GeoEngineers 2008)
developed a strategy for prioritizing 32 sites in the greater Puyallup River watershed. In 2014,
Pierce County completed a Floodplain Reconnection Feasibility Study (Natural Systems Design
2014) as a follow-up to the original site evaluations. The 2008 study evaluated the feasibility and
benefits of levee setbacks primarily as a flood hazard mitigation strategy, while the 2014 update
incorporated criteria related to fish habitat and to value the benefit of “clustered” projects. The
2014 study modified the site rankings based on the updated criteria and recommended future
updates to the site boundaries and the identification of new setback sites with the intent of
creating a more continuous river corridor to the maximum extent possible.

Environmental Science Associates prepared the 2021 study update to support the development of
this 2023 Flood Plan and associated Capital Improvement Plan efforts by providing a complete
catalog of prospective levee setback sites. The study update provides an updated assessment of a
larger suite of project locations, both inclusive and in addition to the 32 project locations
evaluated in the 2008 and 2014 studies. Since 2014, 27 new sites have been added to the catalog
of levee setback locations. These additional sites span a wide range of locations within the
watershed. Also, of the original 32 sites, three are not considered in this study given that they have
since been completed. As such, the total number of sites evaluated in the 2021 study is 56.

Of the sites identified by Pierce County and stakeholders for evaluation, 18 are already
undergoing separate, site-specific assessments by the County, City of Sumner, USACE, or others.
For each of these 18 sites, a site characterization was completed to provide site information
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consistent with the remaining locations. However, concept designs and probable costs were not
developed for these sites. Site characterizations were completed for two additional sites that are
not currently under development, but due to the limited feasibility of a setback project at the site,
conceptual designs and costs were not prepared.

1.9.2 Flood Risk Assessment and Economic Analysis

The Flood Risk Assessment and Economic Analysis focused on the 100-year floodplains of the
Puyallup and Nisqually river systems, their tributaries, and large streams as well as flood impacts
from future sea level rise. The report examined economic resources in the floodplain, economic
impacts of flooding, distributional effects of flooding, flood impacts to properties, transportation
impacts, sea level rise transportation impacts, flood impacts to the recreation sector, and flood
impacts to wastewater treatment plants and overflows. A total of $2.8 billion assessed value of
properties are within the 100-year floodplain extent (ECONorthwest 2022), with 76,046 acres of
land within the 100-year floodplain in Pierce County (ECONorthwest 2022). There are
approximately 1,958 business establishments and 15,416 employees in the 100-year floodplain
(ECONorthwest 2022).

The analysis summarizes a range of estimates of economic impacts that were quantified as
follows:

®* Property damage is estimated to be $947.3 million based on estimates of building within the
floodplain.

* Atotal of $4.3 million in labor income and $13.4 in output could be lost if all businesses and
employees are disrupted for a 1-day period due to flooding.

®* In alarge flood event, road closures could cause up to $3.0 million in costs due to
transportation disruptions. If a catastrophic levee breech occurs, the costs from transportation
delays alone would be $59.3 million.

® Approximately $49,232 in daily farmland gross revenue is generated within the 100-year
floodplain.

® Without future adaptation measures, sea level rise could inundate large portions of the Port
of Tacoma by the end of the century, which is a source of 42,100 jobs and almost $3 billion in
economic activity.

® Flooding disproportionally affects people living in manufactured homes and mobile homes,
which are often located in the floodplain.

® Infrastructure (such as roads, bridges, tunnels, telecommunication cable, electrical
infrastructure, and culverts) could be damaged from a 100-year flood event totaling an
estimated $838.9 million for roads and bridges alone.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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® Lostrevenue during peak season for a 1-week closure at Mount Rainier National Park would
resultin a loss of $1.6 million in visitor spending.

1.9.3 Flood Inundation Study

In December 2022, Pierce County SWM completed a project to create a comprehensive set of
static flood inundation maps for selected reaches of Pierce County’s river systems. These maps
are non-regulatory, and were created to supplement, but not replace, FEMA's Flood Insurance
Rate Maps. The new maps will serve as a helpful planning and communication tool to estimate
impacts along our rivers for a variety of river flows. The mapping for each reach listed below
presents three key pieces of data: surface water elevations, water depth, and water velocity. The
rivers and general reaches that were modeled and mapped include the following:

® Puyallup River:
- Lower Puyallup - Commencement Bay to Puyallup
- Middle Puyallup -Puyallup to McMillan
- Upper Puyallup - McMillan to Electron

® Carbon River
- Below South Prairie Creek
- Above South Prairie Creek along 177th Street East
- Upper Carbon River - downstream of Mount Rainier National Park

® South Prairie Creek

®* White River
- Lower -Sumner to Pacific
- Upper -Greenwater to Crystal Village

® Nisqually River
- Middle Nisqually River McKenna to Wilcox Farms
- Upper Nisqually River - Elbe to Mount Rainier National Park

Along with creation of additional inundation mapping, this project also created 11 different flood
warning matrices, which will be used as an interpretive guidance tool along with the geographic
information system (GIS) river flood inundation mapping layers.

These matrices attempt to provide insight into anticipated impacts along mapped river segments
using three anticipated impact categories: channel characteristics, potential water over roadways,
and community notifications. To see these flow warning matrices, please refer to Chapter 6,
Management Strategies and Recommended Capital Projects for Flood Hazards in Pierce County, in
this flood plan.
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1.10 State Environmental Policy Act

1.10.1 SEPA Process

In accordance with WAC 197-11-400, the proposed adoption of this 2023 Flood Plan will go
through the SEPA environmental review process. A programmatic draft EIS has been prepared to
evaluate the affected environment, potential impacts and benefits, mitigation measures, and any
significant unavoidable adverse impacts that may result from Pierce County’s proposed adoption
of this 2023 Flood Plan. The analysis in the Draft EIS, along with other considerations, will be used
by agency decision-makers to decide whether to approve the proposal to adopt this 2023 Flood
Plan, approve it with conditions, or deny the proposal. The SEPA applies to actions made at all
levels of government within Washington. SEPA is intended to provide information to agencies,
applicants, and the public to encourage the development of environmentally sound proposals.
Comments from the public, agencies, and Tribes on the Draft EIS, and any have been considered
in the development of a Final EIS.

1.10.2 SEPA and Future Projects

This programmatic EIS was prepared to consider the impacts of adopting and implementation of
this 2023 Flood Plan and to provide the basis for later individual project review. Before individual
projects in this flood plan are implemented, they will undergo a separate environmental review to
evaluate potential effects. Under these reviews, potential impacts and mitigation measures that
may result from specific projects will be evaluated.
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2 Types of Flood Hazards in Pierce County

Flooding in general terms is defined as water on the ground surface where it normally is not
experienced, along with associated impacts. This can include the shoreline of a lake or Puget
Sound, active high flow channels of a stream or river, and water surfacing from regional aquifers.

Flooding can have both positive and negative effects. Benefits might include the creation of
complex ecosystems composed of wood and sediment, which benefit fish and wildlife. Flooding
also recharges groundwater systems and lowers in-channel stream or river velocities by

spilling over the bank and providing side channel refuge for juvenile salmon. The negative effects
of flooding could include avulsions, which is the sudden cutting off of an area by flood, currents,
or change in course of river. This can damage private property and infrastructure and separate
salmon from their habitat. Overbank flows can also impact water quality and public infrastructure.
Floods are measured by their impacts to humans, the built environment, and agricultural
resources.

This 2023 Flood Plan encompasses all of Pierce County across multiple flood hazards: riverine,
urban, groundwater, and coastal. Each of these hazards have unique characteristics that influence
the way they flood an area and why it occurs. For some areas that flood, there may be overlap
between flood sources. This 2023 Flood Plan strives to address the underlying issues of each type
of flooding, while recognizing that at any one location the source of the flood hazard can be varied
and mixed. This means that there may be several possible ways to mitigate flooding. Where this
occurs, the plan will identify a preferred mitigation solution.

2.1 Pierce County River Systems

Pierce County’s River systems includes the floodplains of the Puyallup River and the Nisqually
River. Rivers in Pierce County behave differently than many other rivers in Western Washington.
With a few exceptions, the major river systems of Pierce County originate from glaciers on the
slopes of Mount Rainier. The planning area for this comprehensive flood hazard management
plan has been divided into 11 sub-planning areas, as seen in Figure 2.1.
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Figure 2.1. 2023 Flood Plan Sub-Planning Areas
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2.1.1 Puyallup River Basin

The upstream end of the approximately 992 square mile basin begins at the top of Mount Rainier

at an elevation of 14,411 feet above sea level and ends approximately 50 miles downstream
where it discharges into Commencement Bay. The Puyallup River runs through the cities of

Tacoma, Fife, Puyallup, Sumner, and Orting, and large areas of unincorporated Pierce County. This
flood plan will focus on the two primary river systems within the Puyallup basin, the Puyallup River

and the White River and its main tributaries where Pierce County manages flood risk reduction

structures, public infrastructure and other community interests of concern related to flood risk
management.

South Prairie Creek lies in the center of the Puyallup River Basin, east of Orting. South Prairie
Creek has a drainage basin of 88 square miles and ranges in elevation from 285 feet above sea
level to 5,933 feet at the summit of Pitcher Mountain. This 2023 Flood Plan concentrates on the
lower floodplain area of South Prairie Creek (river mile [RM] 0.0 - RM 6.4), extending from the
town of South Prairie to the confluence with the Carbon River near RM 5.8. There are no Pierce

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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County levees along lower South Prairie Creek, but there are isolated rock riprap revetments
and earthen berms that have been constructed by agricultural and residential landowners
and transportation agencies, such as near State Route (SR) 162 bridge crossings of the creek.

The description of the Puyallup River system in this 2023 Flood Plan is broken into its component
managed reaches to describe specific characteristics associated with each river reach to provide
context for the differences associated with each reach. The Puyallup River is broken into three
managed reaches: the lower Puyallup, middle Puyallup, and upper Puyallup as shown in Figure
2.1. The reach upstream of RM 28.6 to Mount Rainier is not managed by Pierce County. The
Puyallup River and its main tributaries are shown in Figure 2.2. Each reach is described in more
detail in the following sections.

The lower Puyallup River reach conveys all waters received from every tributary area and stream.
This reach begins at the confluence with the White River at RM 10.3 and flows in a westerly
direction to its discharge point into Commencement Bay at RM 0.0. The land uses along this reach
range from industrial near its terminus with Commencement Bay in Tacoma within the port area
(including the Gog-le-hi-te wetland complex) to primarily urbanized areas adjacent to Puyallup and
Sumner, along with scattered areas of agriculture in between.

The middle Puyallup River reach flows north from the confluence with the Carbon River at RM 17.4
north of Orting, then through the communities of McMillan and Alderton, proceeding along the
edges of Sumner and Puyallup before meeting the confluence with the White River at RM 10.3.
The land use in this reach is a mixture of agriculture, rural, and suburban, and acts as a transition
zone between the more urbanized lower reach and rural upper reaches.

The upper Puyallup River reach flows in a generally northerly direction from the upper end of the
managed system near RM 28.6 north of the community of Electron. The upper portion of this
reach flows through primarily rural and agricultural lands until it encounters urban development
in the southwest area of Orting. The reach proceeds northerly until it reaches the confluence with
the Carbon River near RM 17.4.

The uppermost reach of the Puyallup River above RM 28.6 is not managed by Pierce County. This
reach extends up to its point of origin on the west face of Mount Rainier. The river system is fed by
the Puyallup, Emmons, Tahoma, and Mowich glaciers. Approximately 151 square miles of drainage
area flows 27 miles downstream to the upper end of Pierce County's managed segments near RM
28.6. The majority of this river segment lies within rural unincorporated Pierce County. The
primary land use in this part of the basin is dominated by managed timberlands. The uppermost
portion of the basin lies within Mount Rainier National Park. From there, the river channel is
confined to a relatively narrow valley corridor from the base of the glaciers down to approximately
RM 29.0, where the floodplain starts to broaden as it begins to join the Puget Sound lowlands
downstream of Electron.
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Figure 2.2. Puyallup River System Schematic
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2.1.2 White River Basin

The White River drains an area of approximately 494 square miles. It flows about 75 miles from its
source on the Emmons Glacier on the northeast side of Mount Rainier. The river has several
tributaries, including Huckleberry Creek, Greenwater River, and Clearwater River. It flows through
the community of Greenwater; the Muckleshoot Indian Reservation; and the cities of Buckley,
Auburn, Pacific, and Sumner before joining the Puyallup River near RM 10.3. Approximately 75
percent of the White River basin lies within Pierce County, and the remaining 25 percent is within
King County. The White River forms a segment of the county line separating King and Pierce
counties between the confluence of the Greenwater River and White River near RM 44.65
downstream to the southeast corner of Auburn. The Greenwater River lies in northeastern Pierce
County and enters the White River at RM 44.65. The headwaters of the Greenwater River are on
Castle Mountain in the Cascades (elevation of 6,700 feet), and it flows northwest for 21 miles to
Greenwater. The Greenwater River forms another segment of the boundary between King County
(north of the river) and Pierce County (south of the river) upstream of its confluence with the
White River.

2.1.3 Carbon River Basin

The Carbon River, which drains an area of 142 square miles, originates on the north face of
Mount Rainier at the Carbon Glacier. It flows 33 miles downstream before joining the Puyallup
River north of Orting near RM 17.4. This flood plan concentrates on the lower 8.4 miles of the
Carbon River. Most of this segment of the river lies within unincorporated Pierce County, but a
portion of the left bank between RM 0.74 and 3.39 flows along the eastern boundary of the Orting
city limits. Above RM 8.3, the river is contained within steep canyon walls up to the community of
Fairfax at RM 17.5. Between RM 0.0 and RM 8.3, the channel corridor lies along the eastern flank
of the Orting Valley and is confined within a relatively narrow trough-like corridor.

South Prairie Creek lies in the center of the Puyallup River Basin, east of Orting. South Prairie
Creek has a drainage basin of 88 square miles and ranges in elevation from 285 feet above sea
level to 5,933 feet at the summit of Pitcher Mountain. This 2023 Flood Plan concentrates on the
lower floodplain area of South Prairie Creek (RM 0.0 to RM 6.4), extending from South Prairie to
the confluence with the Carbon River near RM 5.8. There are no Pierce County levees along lower
South Prairie Creek, but there are isolated rock riprap revetments and earthen berms that have
been constructed by agricultural and residential landowners and transportation agencies, such as
near SR162 bridge crossings of the creek.

2.1.4 Nisqually River Basin

The Nisqually River drains a watershed of approximately 568 square miles. The river originates
from the Nisqually Glacier on the south slope of Mount Rainier and flows 81 miles to the estuary
at Nisqually National Wildlife Refuge before flowing into Puget Sound. There are two major
tributaries to the Nisqually River: the Mashel River and Muck Creek. Nearly 58 percent of the
Nisqually River watershed lies in Pierce County, with the remainder in Thurston County (16
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percent) and Lewis County (26 percent). There are two dams on the Nisqually River, the first near
RM 41.2 (LaGrande Dam) and the second near RM 42.9 (Alder Dam). Alder Dam forms the 3,000-
acre Alder Lake. The two dams are part of the Nisqually Hydroelectric Project owned and operated
by Tacoma Power. According to Tacoma Power, the dams provide incidental reduction of flood
flows, but there are no flood control requirements noted in the operating agreement (Nisqually
Watershed Characterization 2008). The Mashel River is the largest tributary to the Nisqually River
and drains an area of approximately 83 square miles. The headwaters of

the Mashel River begin near Mount Rainier, then the river flows through Eatonville and joins the
Nisqually River at approximately RM 38.2, which is 1 mile downstream of LaGrande Dam.

2.1.5 Pierce County Riverine Flooding History

Throughout Pierce County's history, flooding has been a natural characteristic of its streams and
rivers. The river systems are relatively short, with steep gradients that can move large sediment
and debris loads. As a result, these rivers are highly dynamic and difficult to manage.

In the relatively short period since European settlement began in the 1800s, the floodplains of
Pierce County have been developed extensively along the lower reaches. From the late 1800s into
the middle part of the 1900s, this development mostly focused on agriculture, with concentrations
of development in and around nearby cities and towns. With development in the floodplains,
there arose a need to provide some assurance from flooding to the farmers and business owners.
Within the same period, there was also extensive development of the Port of Tacoma at the
mouth of the Puyallup River. These low-lying areas, especially the fertile river valleys, have flooded
periodically.

In December 1893, the river gauge near Buckley on the White River measured a flow of 28,000
cubic feet per second (cfs), the highest flow ever recorded on the White River at this gauge (Pierce
County 1991). However, it was not until the great flood of 1906 that major changes occurred on
the White River. These changes resulted in the permanent diversion of the White River from the
Green/Duwamish River into the Stuck River valley. The diversion essentially doubled the tributary
runoff area to the lower Puyallup basin, thus requiring a greater emphasis on flood control.

From 1916 to the early 1930s, efforts were made to reduce flood risk by straightening and
confining the river within a system of levees, revetments, and other technologies. The 1933 flood
was the highest recorded flood in the lower Puyallup River and destroyed much of the levee
system. This led to the Congressional appropriation to construct Mud Mountain Dam on the White
River. In 1948, Mud Mountain Dam was completed, with its primary purpose to minimize flooding
in the lower Puyallup River. Further completion of work identified in the 1939 flood control plan
for the upper Puyallup and Carbon Rivers’ levee and revetment construction continued into the
mid-1960s, with subsequent maintenance of the flood control system until 1990.

As a result of flooding and levee destruction in the mid-1980s, new management strategies were
implemented in the 1990s. River maintenance managers made the decision that the current
system was not sustainable. Strategies changed to accommodate the river by using approaches
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that emulate natural processes rather than trying to control the river. Pierce County began to
purchase flood-prone properties in the floodplain and planning structural alternatives and
developing regulations to guide future development in the floodplain.

Construction of levees and revetments along the county rivers in the early to middle 1900s helped
reduce bank erosion and channel migration, which allowed agriculture to become a thriving
industry in the river valleys. However, the use of the floodplains has evolved over the last 100+
years from primarily agricultural uses to more urbanized uses. As a result, floodplain managers
are challenged to find solutions to complicated floodplain issues by seeking and implementing
multi-benefit, holistic approaches. Such approaches balance the competing needs of flood risk
reduction, benefit aquatic habitat, reduce maintenance impacts, and improves Pierce County’s
river corridors.

2.1.6 Disaster Declarations

The Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 United States Code (USC)
Sections 5121-5207 (the Stafford Act), Section 401 states in part that "All requests for a declaration
by the President that a major disaster exists shall be made by the governor of the affected state.”
The declaration authorizes the President to provide supplemental federal assistance.

Since 1906, there have been 16 Presidential Disaster Declarations and numerous flood events in
Pierce County. Table 2.1 provides a summary of major and significant flood events in Pierce
County.

Table 2.1. Significant Floods in Pierce County

Year Presidential Declared Disaster

November 1906 No
December 1918 No
January 1919 No
December 1933 No
December 1946 No
December 1953 No
December 1955 No
November 1959 No
October 1962 Yes
December 1964 Yes
January 1965 No
February 1972 Yes
December 1975 Yes
December 1977 Yes
January 1984 No
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Year Presidential Declared Disaster

November 1986 Yes
January 1990 Yes
November 1990 Yes
December 1990 Yes
November 1995 Yes
February 1996 Yes
December 1996 to February 1997 Yes
October 2003 Yes
November 2006 Yes
December 2008 No
January 2009 Yes
January 2012 Yes
November 2014 No
December 2015 No
February 2020 No

2.1.7 Effects of Sediment on River Flooding and Channel Migration

2.1.7.1 Role of Excess Sediment in Flooding and Channel Migration

The conveyance capacity of a river is determined by the channel width, channel depth, and water
velocity. The relationship with flow is shown in the following equation:

River Flow (cubic feet per second) = Water Velocity X (Channel Width x Channel Depth)

The ability of a river channel to carry floodwaters is increased if any of the three factors (channel
width, depth, or velocity) are increased. The river's velocity and volume of water, the slope of the
river channel, and the size and quantity of rock and sediment available determine the ability of the
river to transport sediment. The faster and greater the volume of water, the larger the submerged
rocks and overall sediment quantity can be moved. As channels flatten out and the water moves
slower, the river can carry less material, resulting in deposition of rock and sediment (Ecology
2007). The inherent nature of a glacial river system is to balance its load of rock and sediment with
its steepness and the volume of water it carries.

When steep river channels meet broad, flat valley floors, flow velocities decrease, and the ability of
rivers to move sediment is reduced. This reduced ability to transport sediment results in the
deposition of sand and gravel in the river channel (also known as aggradation). Under natural
conditions, an unconfined river channel can migrate or flow around the deposited sediment and
choose a new path. In confined rivers, between two levees or revetments, the channel cannot
migrate and deposited sediment will usually lead to reduced flood conveyance capacity and
greater potential to erode banks, including levees and revetments.
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River channels in Pierce County provide for the conveyance of water, wood, and sediment
(cobbles, gravel, and fine material) and habitat for various fish and animal species. Water,
sediment, and wood form a dynamic interaction within the river channels, described as the “three
rivers concept” (Wald 2009). Just as water flows from the upper reaches of a watershed
downstream to the mouth of the river, sediment and wood also “flow” from various sources down
the river channel and eventually discharge at the mouth of the river, or deposit along its reaches
(Locke et al. 2008). This interaction affects river management, maintenance, and habitat
formation.

Many rivers contain islands and gravel bars that accumulate sediments behind woody debris and
logjams left after a previous flood or high-water event while serving as important habitat features.
While it may take only days for water to move the length of a river, mobile sediment and wood
may take years (or decades) to progress downstream from one reach to another, moving primarily
during high flow events.

The transport of sediment and wood and the resulting habitat is a natural riverine process.
However, the accumulation of sediment and large woody material in river channels can create an
impediment to flood flow conveyance, raise water surface elevations during flooding, and
sometimes redirect flows in a way that increases channel migration risks (King County 2007).

In 2010 and 2012, the United States Geological Survey (USGS) released two sediment studies for
Mount Rainier and the lower Puyallup, White, Nisqually, and Carbon rivers. The 2012 report (USGS
2012) documents the following:

® Historical and current sediment loads in rivers draining from Mount Rainier

® Additional sources of sediment within the watershed

®* Important sediment production and sediment delivery processes within the watershed
® Long-term trends of increasing discharge or sediment loads

®* The anticipated magnitude of sedimentation 25 and 50 years into the future using public
climate change predictions

As glaciers continue to recede on Mount Rainier, heavy rainfall, snow melt, and resulting floods
can move more sediment materials down the system. More sediment can cause some upper river
reach channels to widen. Figure 2.3, which was included in the 2012 USGS report, shows how
some upper reaches of Mount Rainier river channels have widened over time.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

2.9
@ Pierce County

Exhibit A to Ordinance No. 2023-41, Page 61 of 87



Chapter 2: Types of Flood Hazards in Pierce County

Figure 2.3. Mean Active Channel Width Over Time
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The 2012 USGS report indicated that sediment is being transported from Mount Rainier to the
Puget lowland through a sequence of glacial and fluvial processes that deliver material
downstream. Studies found that the total sediment load for the upper Nisqually River from 1945
to 2011 was determined to be 1,200,000 (+180,000) tons per year (tons/yr). From 1956 to 1985, the
total sediment load for the upper Nisqually River was determined to be 860,000 (+370,000)
tons/yr, which is a significant decrease from 1945 to 2011 (USGS 2012). The lower Puyallup River
was found to be 860,000 (+300,000) tons/yr between 1978 and 1994. Calculations for the White
River at R Street carried a total load of 590,000 tons in 2011 with an annualized total load of
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420,000 tons/yr from April 2010 to March 2012 (USGS 2012). Figure 2.4 shows the estimated
annual bedload, which is the volume or mass of sediment being transported along the bed of a
river for the White, Carbon, and Puyallup rivers from 1984 to 2011.

Figure 2.4. Sediment Transported between 1984 to 2011
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The Puyallup River delivers about four times less bedload than the White River and will experience
less severe aggradation, while the Carbon River will experience the least aggradation (USGS 2012).
When sediment arrives and deposits in the Puget Lowland, there are limited structural methods
for managing sediment to reduce flood risk. Potential sediment-management actions, including
setback levees and gravel removal, would be most effective in reaches that tend to accumulate
sediment naturally; these reaches were identified based on geomorphic conditions (USGS 2012).

In summary, rivers draining near Mount Rainier can assume to be in a general state of sediment
surplus. As a result, future aggradation rates will be largely influenced by the underlying hydrology
carrying sediment downstream. River management actions (such as setback levees and active
sediment management) may be more effective in reaches of a river where sediment stays in the
river for extended periods. Long-term river management decisions can be improved by
monitoring suspended-sediment load, bedload, and aggradation in river reaches.

Another recent study completed by the USGS on behalf of King County in 2019 focuses on
sediment transport within the White River. The study set out to better understand sources and
pathways of sediment in the White River watershed with consideration to climate changes. Key
points from the 2019 report (Anderson et al. 2019) include the following:

® (Coarse sediment in the system is dominated by erosion of the lower watershed valley floor.

® Early 20th century avulsion augmented by subsequent dredging also contributed to lower
watershed erosion.
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®* Major glacial and volcanic events have introduced more sediment into the system.

In summary, the 2019 report finds that primary sediment sources within the White River originate
from erosion within the lower valley floor, rather than from glaciers, as initially thought. That
erosion occurs in response to historic avulsion, exacerbated by more recent dredging within the
new channel alignment. Sediment from glaciers is delivered in the river system in infrequent
pulses, triggered by heavy rainfalls, causing sediment buildup to occur. Those areas of buildup
then continually feed sediment into the system until another large rain event occurs, repeating the
cycle. Because of sediment trapped behind Mud Mountain Dam, sediment sources upstream of
the dam do not provide a significant source into the river. More generally, major watershed events
have created persistent conditions in the system that are constantly changing, thus creating areas
of repeated sediment buildup and loss.

2.2  Pierce County Streams

Streams are more sensitive to changes in their basins than larger riverine systems. Increased
development pressures on their floodplains result in more dramatic changes in their runoff.
While streams are more sensitive to development changes than a river (fluvial), they are still
modeled with conventional riverine methods. Flooding begins to occur when stream channels
receive more flow than can be conveyed by its channel as shown on Voight's Creek (see
Figure 2.5).

There is overlap with stream and urban flooding, primarily in and around urban growth areas. The
defining feature of urban stream flooding is the source that is directly linked to flow leaving its
normal channel and intermixing with urban sources. Urban flooding is typically associated with an
urban developed environment. Flooding occurs when a storm drainage collection and conveyance
system is unable to collect and convey surface water to prevent backflow and surcharge that
results in flooding. Many urban streams within Pierce County have detailed flood studies from the
early 2000s (refer to the Surface Water Management Library | Pierce County, WA - Official Website
piercecountywa.gov).

Figure 2.5. Flooding on Voight’s Creek, November 2011
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2.2.1 Stream Flooding History

Since the development of the 2013 Pierce County Rivers Flood Hazard Management Plan, specific
data have not been collected that reflects individual stream flooding within the county. The
understanding of stream function has evolved since the early twentieth century. Previously
natural streams were used as an extension of existing storm drainage systems. The streams were
channelized and straightened to carry flows from the plateaus to the rivers system as quickly as
possible. There is a better understanding of the importance of natural processes of streams and
how they move sediment and provide critical ecological benefits. The goal for the updating this
Plan is to evaluate and identify which urban flood events caused major stream flooding in the
county. Figure 2.6 shows all major streams located within Pierce County.

Figure 2.6. All Streams within Pierce County
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2.3 Urban Flooding

Urban flooding is defined as overwhelmed drainage systems (such as municipal separate storm
sewer system also known as “MS4") driven by localized rainfall events as seen in Figure 2.7. While
these systems often discharge to a stream, they are considered a separate class of flooding
because urban flooding can occur independently from stream flooding. All drainage

networks around the county have not been mapped for this type of flooding due to the

number of hydraulic controls that must be accurately surveyed in order to map a relatively small
area. Flooding of this type can typically be seen throughout the county where the county MS4
systems have replaced natural drainage systems.

Figure 2.7. Urban Flooding during a Major Rain Event in Tacoma, October 28, 2021

Source: https://twitter.com/tacomafire/status/1453880462728855556

Storm drainage systems in Pierce County are typically designed to accommodate the 25-year flood
event. Urban flooding can be made worse when the effects of streams, rivers, coastal, or
groundwater inundation limit the stormwater systems from efficiently draining. Some systems are
built with those external factors in mind. However, as hydrology and climate change occur,
existing systems may be found to be undersized. Unless adjustments are made to accommodate
anticipated increased rainfall due to climate change, the risk of urban flooding will continue to rise
as the rain events grow larger and more frequent. Figure 2.8 shows where urban flooding has
occurred in unincorporated Pierce County. Figure 2.8 does not include all urban flooding locations
in Pierce County. Mapping of the urban flooding hazard is still being studied.
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Figure 2.8. Urban Flooding Locations in Pierce County
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2.3.1 Urban Flooding History

Since 1996, there have been five major urban flooding events observed in Pierce County that
impacted county infrastructure and residential properties. Major urban flooding events occurred
in the following years:

* 1996
* 1998
* 2001
* 2004
* 2019
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2.4 Coastal Flooding

Pierce County has more than 120 miles of Puget Sound shoreline, but there has never been a
declared disaster due to coastal flooding. The majority of the shoreline is steep with a small
shoreline setback. Most homes were built on high ground beyond the reaches of coastal flood
impacts. Coastal flooding is generally experienced in low bank areas typically formed by sand
drifts or old landslides.

The tidal range in the south Puget Sound can fluctuate up to 18 feet between high and low tide.
The highest of the high tides are commonly referred to as King Tides and coincide with
astronomical forces when the earth is closest to the sun (perihelion) and a “spring tide” when the
moon and the sun are in alignment. Tide tables are based on the astronomical forces, and local
weather will suppress or amplify the forecasted tide, depending on if it is a high- or low-
pressure system, respectively. It is common to see tides 1 to 2 feet higher than predicted when

a low-pressure system is in the region. Winds are an additional risk to coastal flooding

where the shorelines will be exposed to longer fetches of open water and the

highest crashing waves surge onto the shore. The Puget Sound region can see high winds from
any direction but the most extreme come from the north or south. All of these coastal amplifiers
are additive. The greatest risk is in the winter when the King Tides occur for about one week each
month from November to February; this is when winter storms bring low pressure systems with
the strongest winds as shown in Figure 2.9.

Figure 2.9. Coastal Flooding on January 11, 2022, Bridgeway Shopping Center, Purdy, Washington

2.4.1 Coastal Flooding History

Coastal flooding areas within Pierce County most prone to the coastal properties lie within the
northwest portion of the county adjacent to saltwater sources associated with Puget Sound. Large
portions of Pierce County shorelines are located in the Tacoma Tideflats where much of the
region’s industrial economic activity takes place. The industrial properties in the Tacoma Tideflats /
Port of Tacoma manufacturing/industrial center are some of the properties that are irreplaceable
for the region and will have to adapt to sea level rise in the coming decades. The communities
most affected by coastal flooding include the Key Peninsula, Gig Harbor, Puget Sound coastline
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stretching from Browns Point to the Nisqually Reach, and the island communities of Puget Sound,
as shown in Figure 2.10.

Figure 2.10. Primary Areas Prone to Coastal Flooding in Pierce County
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Based on the most up-to-date science research associated with climate change, current climate
change projections range from several inches to over 57 inches of sea level rise in Puget Sound by
2100 (Climate Change Resilience Plan | Pierce County, WA - Official Website (piercecountywa.gov).
This will exacerbate the existing risk to coastal properties. Not only will predicted sea level rise
impact coastal regions, but will also have an impact on riverine, stream and urban systems directly
connected or in close proximity to saltwater sources. The rise in the sea level limits the ability of
these systems to drain causing back water situations in urban systems and sediment deposition in
riverine systems. Since the extreme high tide in 2012, there have been seven observed coastal
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flooding events observed in Pierce County that impacted coastal waterfront properties. Coastal
flooding events occurred in the following months and years:

®* December 2012
®* December 2019
® January 2019
® January 2020
®* November 2021
® January 2022

® December 2022

2.5 Groundwater Flooding

Groundwater flooding, also known as clear water flooding,

is defined as water emerging from the ground. This happens
when the underground water table exceeds its limits, thus
causing the water to emerge from the ground and flow onto
the surface, as demonstrated in Figure 2.11. There are many
concerns with groundwater that are not included in this flood
plan, including but not limited to, high groundwater tables that
limit farming, infiltration facilities, and thin layer of permeable
(porous) soils.

The vadose zone is the
unsaturated part of the soil
profile that extends from the
ground surface down to the
groundwater table, or zone of
saturation.

Figure 2.11. Cross Section of Underground Water Table to Soil Surface
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Groundwater flooding is a phenomenon that occurs predominantly in the south-central portion of
Pierce County. Groundwater flooding typically happens when rainfall totals are high, and the
flooding does not materialize until late winter and early spring. This area is geologically unique
and has a high amount of glacial outwash soils. The flooding impacts small pockets of the
communities of Graham, Frederickson, Spanaway, and Parkland. The general boundary prone to
groundwater flooding is primarily isolated to west-central Pierce County. The area is generally
bounded by 267th Street East to the south, 118th Avenue East to the east, 154th Street East to the
north, and 40th Avenue South to the west. The communities affected include Graham, Parkland-
Spanaway, South Hill, and the southwest communities of Frederickson and Pioneer Valley, as
shown in Figure 2.12.

Figure 2.12. Primary Areas Prone to Groundwater Flooding in Unincorporated Pierce County
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2.5.1 Groundwater Flooding History

Since the long-term road closure of 192nd Street East due to groundwater flooding in 1997, there
have been 10 groundwater flood events observed in Pierce County that have impacted
transportation and residentials properties. Figure 2.13 shows groundwater flooding at 192" Street
East in the spring of 2016. Groundwater flooding events occurred in the following years:

* 1997
* 1999
e 2011

® Spring 2012
* Spring 2014
* Fall2015

®* Spring 2016
®* Spring 2017
® Spring 2019
® January 2021

Figure 2.13. Groundwater Flooding, 192nd Street East, Spring 2016
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3  Regulatory Commitments, Agreements,
Drivers, and Other Considerations

3.1 Regulatory Requirements

This 2023 Flood Plan was developed to meet a variety of requirements: Washington Administrative
Code (WAC) 173-145-040 Comprehensive Flood Control Management Plan, Revised Code of
Washington (RCW) 86.12 Flood Control by Counties, RCW 86.15 Flood Control Zone Districts, 44
CFR (Code of Federal Regulations) 78.5 Flood Mitigation Plan, and Pierce County Code (PCC) 19A
Comprehensive Plan. This plan is also a requirement of the National Flood Insurance Program'’s
(NFIP) Community Rating System (CRS) program Section 510. The County will update this plan
every five years as a requirement of the CRS program. Figure 3.1 outlines all relevant regulatory
requirements that this flood plan meets. This chapter summarizes various regulatory
requirements, obligations, and benefits that are all taken into considerations while developing
capital projects and to enhance our environment.

Figure 3.1. Regulatory Requirements
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3.2 General Practices

The practice contained within this flood plan encourages cooperative and consistent floodplain
management among towns, cities, counties, and special districts, as advocated by Chapter 86.12
RCW. Actions taken by one jurisdiction can have adverse effects upon neighboring jurisdictions.
Filling of the floodplain in one area frequently transfers the flood hazard risk to other areas and
other jurisdictions and other members of the public. Consistent approaches to flood hazard
management across jurisdictions can reduce such adverse effects.

The practices that follow are written to reflect the level of discretion local governments have in
making floodplain management decisions. Use of the terms “shall” or “will” implies that the
practice is to be interpreted as mandatory or nondiscretionary. The use of “should” or “may” in a
practice indicates guidance and a greater level of discretion in making decisions based on the
practice.

1. Geographic Scope - Pierce County will coordinate and supply regional flood hazard
management services across the county for all flood hazards. Specifically for riverine flood
hazards, Pierce County will provide flood management services on major rivers and tributaries
with historical peak flows over 5,000 cubic feet per second (cfs). These rivers and streams
include the Puyallup, White, Carbon, Nisqually, Greenwater, and Mashel rivers and South
Prairie Creek.

2. Flood and Channel Migration Risks - The natural processes of flooding and channel
migration become risks when human development is located within flood hazard areas. Flood
and channel migration risks, and the consequences that would result, are generally prioritized
in the following order: (1) threats to public safety; (2) impacts to the local and regional
economy; (3) damage to public infrastructure; and (4) damage to private structures.

3. Flood Hazard Management Approach - Pierce County will implement projects and programs
for river, urban, coastal, and groundwater flooding that result in multiple benefits, including
the following non-prioritized objectives:

1. Meet site and reach-specific flood and channel migration risk reduction needs;

2. Achieve quantifiable benefits that exceed total costs of projects and programs, including

long-term maintenance costs;

Avoid creation of new flood and channel migration risks;

4. Balance natural processes of river migration and flooding with protection of productive
agricultural lands;

5. Protect and improve aquatic and riparian habitat and ensure consistency with the
Endangered Species Act (ESA) and salmon recovery programs; and

6. Leverage flood hazard management revenues through partnerships with other agencies
and stakeholders.

w

4. Inter-Governmental Coordination and Cooperation - Pierce County’s flood and channel
migration hazard management activities will be planned and implemented in close
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cooperation with cities, counties, tribes, state and federal agencies (e.g., resource agencies,
public agencies with infrastructure), and salmon recovery lead entities.

5. Climate Change - Project design and program management should reflect best available
science regarding the anticipated changes in precipitation patterns and associated changes in
flood flows and sediment transport as a result of climate change.

3.3 Project Practices

Projects can be structural, non-structural, or a combination of the two. The following project
practices guide the project cycle, from initial concept through design and construction, to post-
project monitoring and adaptive management. Structural projects consist primarily of
construction of new and replacement setback of revetments, levees, and similar flood risk
reduction structures. Non-structural projects include property acquisition, elevation of flood-
prone homes, sediment and large wood management, and the removal of existing structures that
no longer serve a flood management purpose.

1. Prioritizing Flood Hazard Risks - Pierce County should prioritize actions to address flood and
channel migration risks using the following criteria in order of importance:

1. The consequences that will result if no action is taken. Consequences should be prioritized
as identified in the above General Practice #2 and in terms of probability of occurrence and
severity;

2. Legal responsibility and authority, as determined by a contractual relationship, between
Pierce County and another agency or person(s) to maintain a flood risk reduction facility;

3. Urgency, as measured by how quickly an action needs to be taken in order to prevent a risk
from growing worse; and

4. Readiness of the project in terms of funding, partnerships, resolved property issues, or
permitting.

2. Property Acquisition - Property acquisition for flood risk reduction projects should be on a
willing-seller basis. However, as risks are identified and prioritized, there will be circumstances
when a compelling public interest makes condemnation necessary. Pierce County prefers
acquisition over the use of easements.

3. Easements - New or additional easements necessary to construct, maintain, repair, or retrofit
a flood protection facility should be sufficient to meet applicable Pierce County design and
construction standards and federal and state technical guidelines.

4. Management of Pierce County Properties - Pierce County will manage its public lands and
easements within flood hazard areas in accordance with the policies in this 2023 Flood Plan.
Public access to publicly owned flood risk reduction facilities should be allowed on a case-by-
case basis, provided that such access does not interfere with the performance of any
infrastructure and after evaluating issues such as public value, cost, and public safety.
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River Flood and Channel Migration Risk Reduction - Flood risk reduction facilities designed
to contain floodwaters (e.g., levees) or reduce channel migration (e.g., revetments) should be
designed to be consistent with the adopted river reach management strategy. The following
are the four levels of design for levees:

1. 200-year design, plus 3 feet of freeboard

2. 100-year design, plus 3 feet of freeboard

3. Maintenance of existing (2009) conveyance capacity
4. Maintenance of existing levee prisms

Following are the two erosion protection levels for revetments:

1. Channel migration prevention design
2. Channel migration resistance design

Deviations from the level of design shall be approved by the Pierce County manager of the Surface
Water Management Division.

6.

10.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Urban, Groundwater and Coastal - Pierce County intends to develop a better understanding
of urban, groundwater, and coastal flooding. This will be accomplished with additional studies,
monitoring, and analysis.

Facility Design and Maintenance - Pierce County should construct new flood risk reduction
facilities and maintain, repair, or replace existing facilities in such a way as to achieve each of
the following:

1. Minimize maintenance costs over the life cycle of the facility;
2. Ensure that flood or channel migration risks are not transferred to other sites; and
3. Protect and improve aquatic and riparian habitat.

River Management Facility Setbacks - Pierce County will identify opportunities to set back
existing river management facilities farther from the river edge and associated buffers to
increase flood conveyance and storage, reconnect previously disconnected floodplain, improve
aquatic habitat, and allow natural riverine processes to occur.

Pierce County Sponsored Projects - Pierce County-sponsored projects located in flood
hazard areas shall be consistent with policies in this 2023 Flood Plan and meet or exceed the
standards adopted in the Pierce County Code to implement those policies.

Adaptive Management - Flood hazard management projects shall be monitored to assess
the degree to which they function relative to their stated purpose, performance, goals, and
objectives. Adaptive management principles shall be used to manage projects over time,
identify needed changes, and inform the design and implementation of future projects.
Pathways planning can also be a resource during the planning phase to identify multiple
potential solutions when a single solution is not clearly evident. This can help with uncertainty
associated with climate change, shifts in public support, politics, and policy changes.

3.4
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Large Woody Material - Naturally occurring accumulations of large woody material may be
repositioned, relocated, or removed for flood hazard management purposes if one or more of
the flood and channel migration risks in the above mentioned General Practice #2 is present,
all reasonable flood and channel migration risk reduction alternatives have been considered,
and there is an imminent threat. Repositioning, relocation, or removal of large woody material
should be done in a manner that does not create new flood or channel migration risks and can
be accomplished using techniques that result in the least disturbance to the river channel and
aquatic habitat while preserving the function of the large woody material.

Comprehensive Sediment Management - Comprehensive sediment management in Pierce
County shall be informed by technical sediment transport studies and consider the highly
variable nature of sediment transport to achieve a balance between flood risk reduction and
ecological health.

3.4 Floodplain Land Use Strategies

Pierce County floodplains contain a complex matrix of lands governed by Pierce County, cities, and
towns. Because the actions of one jurisdiction have the potential to adversely affect the frequency,
duration, or magnitude of flood hazards in downstream, upstream, or adjacent jurisdictions, the
strategies listed below are intended to promote greater consistency of regulations across
floodplain jurisdictions.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Consistent Regulatory Standards - Pierce County supports consistency in flood hazard
regulations across jurisdictions. Cities and towns are strongly encouraged to adopt policies
and regulations that are consistent with Pierce County critical area regulations for flood hazard
areas, and regulate according to the best available data, such as updated flood studies.

National Flood Insurance Program - Pierce County and cities and towns with floodplains
should participate and maintain good standing in the National Flood Insurance Program and
its Community Rating System in order to better protect public safety, reduce the risk of
flooding and channel migration hazards to existing public and private property, and achieve
flood insurance premium discounts.

Urban Growth Area Expansion - Prohibit expansion of urban growth areas into 100-year
floodplains of any river or river segment within the geographic scope of this flood plan, except
as allowed by RCW 36.70A.110.

Development in the Floodway - Prohibit new residential and non-water-dependent non-
residential structures within the Federal Emergency Management Agency (FEMA) floodway,
severe channel migration zone (CMZ) floodway, and deep and fast flowing (DFF) water
floodway, except as allowed by local land use codes. Definitions for these floodways should be
consistent across jurisdictions.
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® Zero-Rise - The placement of structures or fill is allowable in the floodplain if it can be proven
that it would not cause an increase in elevation of the 100-year flood by more than 0.001 foot.
This regulation should be consistent across jurisdictions.

®* Compensatory Storage - Preserve the existing flood storage volume of the floodplain by
replacing floodplain storage volume that is eliminated by structures or fill by excavating to
provide live storage volume equal to or greater than that which is displaced. Options to
achieve this could include removing or relocating existing structures and associated fill, or by
setting back levees. Provide the live storage volume between corresponding 1-foot contour
intervals that are hydraulically connected to the floodplain through their entire depth.

® Critical Facilities - Locate critical facilities outside of the 500-year floodplain unless no other
possible alternative exists. If no alternative exists, elevate critical facilities to or above the
higher of the 500-year flood elevation or three feet above the 100-year base flood elevation
and locate to allow for planned future levee setbacks.

3.5 Agreements, Drivers, and Other Considerations

This flood plan outlines the local and federal obligations Pierce County must meet and identifies a
level of design the county will provide as new projects are constructed. Surface Water
Management (SWM) constructs capital projects to meet current and projected future local, state,
and federal legal regulatory obligations. Obligations such as the National Pollutant Discharge
Elimination System (NPDES), the Clean Water Act (CWA), Total Maximum Daily Load (TMDL), the
ESA, United State Army Corps of Engineers (USACE), floodplain management obligations through
the NFIP, and Pierce County Code. As new capital projects are designed, SWM works to ensure
that projects include as many primary benefits as possible. These primary benefits include water
quality improvements, habitat improvement, flood risk reduction and agricultural operations
improvements.

3.5.1 Water Quality

TMDL is a regulatory term from the 1972 CWA (Public Law, 92-500). TMDLs are a unique type of
planning process specifically designed to bring a polluted water body back into compliance with its
water quality standards. You can think of TMDLs as a pollution diet developed to guide a
watershed back to health. The TMDL identifies the maximum amount of a particular pollutant a
waterbody can accept while still complying with the applicable water quality standards. It then
assigns numeric limits to each pollution source in the watershed, so they all add up to a number
below the total allowable limit for that waterbody. If the TMDL is calculated correctly and the
numeric targets are achieved for each pollution source, the water body should return to a healthy
condition over time.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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TMDL analysis attempts to establish the appropriate levels of pollutant loading an aquatic system
can tolerate by quantifying and adding up all the discernable sources of pollution it receives. This
means using monitoring data and water quality modeling to itemize the natural background load
and all distinguishable point source and nonpoint sources of pollution, including a margin of
safety and a reserve capacity for future development (EPA 1991). TMDLs are primarily
informational tools the state uses to proceed from the identification of waters requiring additional
planning to the development of the plans deemed necessary for their restoration. As such, TMDLs
serve as a link in an implementation chain, which includes federally regulated point source
controls, state or local plans for point and nonpoint source pollution reduction, and an
assessment of the impact of such measures on water quality, all to the end of attaining the
statutory water quality goals established for the nation's waters.

Identifying a water body’s maximum pollutant loading or absorption capacity is central to
developing a TMDL. Loading capacity is defined as the highest amount (e.g., concentration, mass,
or volume) of a pollutant a receiving waterbody can accept without violating its assigned water
quality standards. The loading capacity provides the reference point for calculating the amount of
pollutant reduction required to bring a stream into compliance with standards (EPA 1991).

In Washington, TMDLs are developed and administered by the
Washington State Department of Ecology (Ecology). The U.S.

The term 303(d) list is
short for a state's list of

Environmental Protection Agency (EPA) then reviews and certifies the impaired and threatened
TMDL or develops and issues their own revised version. TMDLs may waters (e.g., stream/river
include any number of water bodies and pollution types. Ecology then |~ Se8ments lakes). States

are required to submit
uses a numerical or narrative standard that is established by law to their list for EPA approval
protect water quality. These standards are based on the designated every 2 years. For each

uses assigned to a water body by Ecology. Designated uses are water on the [ist, the state
identifies the pollutant

designed to protect waterbodies for important societal values such as, | ., sing the impairment,
human recreation, aquatic life habitat, or aesthetic quality. Section when known.
305(b) of the CWA directs Ecology to assess water quality for all

regulated water bodies in the state. When standards are not being met, the water body is
assigned to the 303d impaired waters list. When a water body is assigned to the 303d list, the
designated uses are considered impaired, and applicable water quality standards must be
restored through a TMDL. Figure 3.2 is a graphic representation of the TMDL Quantifiable

Alignment of Policy, Regulation, and Program Implementation, upon which Pierce
County's TMDL Implementation Plan’s Strategy relies.
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Figure 3.2. TMDL Quantifiable Alignment of Policy, Regulation, and Program Implementation

Linking Regulation, Policy & Program Implementation

Creating program alignment and policy accountability through
a limited application of Reasonable Assurance Analysis.

+ Track and Report TMDL Pollution Budget State Regulation *
Water Quality Measurement Meet Numeric TMDOL Achieve Water Quality Protect Designated
Improvement Projects Performance Targets Standards Beneficial Uses
Ll
%

Quantify Advanced
Technology Applications

e

Enhanced Inspection Document Compliance
and Maintenance
Practices

Water Quality Programs

For example, Clarks Creek is classified as an impaired water body for two pollutants—sediment,
and dissolved oxygen. These impairments are based on water quality standards (criteria)
developed by the state to protect beneficial uses such as core summer salmonid habitat, primary
contact recreation (swimming), and domestic water supply. Numerical water quality standards do
not yet exist for fine sediment, but Ecology determined there is excessive fine sediment in Clarks
Creek when compared to other reference streams. Instream monitoring data also indicated
dissolved oxygen fell below standards during both summer and winter. Consequently, Pierce
County was issued two numeric Waste Load Allocations or TMDL Clean Water Targets to establish
its responsibilities for pollution reduction.

For additional information on the Clarks Creek TMDL, please visit
Clarks Creek (TMDL) Project | Pierce County, WA - Official Website (piercecountywa.gov).

Flooding incrementally increases as humans build impervious surfaces that prevent rainwater
from soaking into the soils beneath. Precipitation drains off imperious surfaces with increased
volume and speed, thereby increasing erosion and drawing in pollution from human-influenced
sources in the flow. Climate change has the potential to increase storm intensity and subsequently
flood events.

The NPDES program was created to address harmful effects of human development by the EPA. In
Washington, permit administration is delegated to the state, except in cases when the discharges
are to or from federally controlled lands, such as military bases and tribal lands. The goal of this
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permit system is to apply regulations to stormwater discharges that will result in improvement in
the downstream natural streams, rivers, estuaries, and marine waters, collectively called waters of
the state, so those waters will meet the state’s Water Quality Standards.

As populations increase, impervious surfaces increase and human’s need for high quality water
that can support natural systems, drinking water needs, irrigation, and recreational use by
humans also increases.

The NPDES permitting system requires owners or operators of potential sources of polluted
runoff to gain coverage under a permit to discharge their stormwater to waters of the state. The
permittees must apply best management practices, educational programs, flow controls, and
treatment to reduce or eliminate the pollutants contained in their stormwater discharges.

Municipal permittees must implement a structural stormwater program that includes a capital
program to design and build projects to control flow and pollutants in areas without adequate
stormwater controls.

Pierce County has an NPDES permit for discharges from its Municipal Separate Storm Sewer
System (MS4) called a Phase | Municipal Stormwater Permit (permit). The permit conditions are
revised every five years to incorporate new information regarding practices that protect surface
water quality. The programs mandated by the permit and more information about the County's
NPDES programs can be found at our current NPDES webpage: Managing Stormwater Runoff |
Pierce County, WA - Official Website (piercecountywa.gov).

Pierce County has a Watershed Health Monitoring program to evaluate water quality in the
County's streams. This program involves collecting samples from about 50 stations in streams
throughout the area. Pierce County SWM measures or analyzes 21 parameters from each
monitoring site, every month. Eight of the 21 parameters are used to calculate an annual Water
Quality Index score, which can be found at Watershed Health | Pierce County, WA - Official
Website (piercecountywa.gov). Starting in 2008, the county began collecting macroinvertebrate
samples and produces an indexed biological score (the Biotic Index of Biological Integrity, or BIBI)
that provides additional information on stream health. Detailed information can be found at Puget
Sound Stream Benthos Monitoring and Analysis. These two scores complement each other and
allow a quick comparison of the water quality across years and within watersheds throughout the
county, and guide future monitoring and management decisions. Both scores are reported each
year on the County’s Watershed Health website.

3.5.2 Incidental Take

Flood hazard management activities can adversely affect habitat of fish, but they are crucial to
public safety. Violating “take” prohibitions of the federal ESA may result in civil or criminal
penalties, loss of federal funding on a broad scale, potentially extensive legal expenses, and
injunctions to stop operations. However, the ESA also provides for authorizing take that is
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incidental to and not intended as part of an action when in compliance with an incidental take
statement or permit. Long-term cumulative adverse effects of some flood hazard management
activities cannot be mitigated adequately through on-site mitigation. The only way to mitigate
these adverse effects is through off-site mitigation and long-term programmatic efforts.

The ESA prohibits the take of species listed as threatened or endangered. Take is defined as
“harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or any such conduct.” Harass means
an intentional or negligent act that creates the likelihood of injuring wildlife by annoying it to such
an extent as to significantly disrupt normal behavior patterns such as breeding, feeding, or
sheltering (50 CFR 17.3). Harm means an act that actually kills or injures a protected species (50
CFR 222.102). Harm can result from habitat modification or degradation that kills or injures
protected species by significantly impairing essential behavioral patterns, including breeding,
spawning, rearing, migrating, feeding, or sheltering.

Sections of the ESA provide protection from a finding of “take” in three ways: (1) through a Section
4(d) exemption, (2) an incidental take statement as part of a biological opinion in accordance with
Section 7 (see Section 7 Incidental Take Statements, below), and (3) an incidental take permit (ITP)
in accordance with Section 10 (see Section 10 Incidental Take Permits, below).

Section 4(d) of the ESA authorizes the National Marine Fisheries Service (NMFS) to customize
regulations to conserve threatened species, and it also applies to Section 9 take prohibitions. A
4(d) rule “excepts” activities or programs deemed by NMFS to “conserve” listed species from ESA
restrictions. The rule may adopt local or regional programs, thus providing protection for program
activities from “take” prohibitions. The program or activities become part of the species recovery
plan. An example of this is the Regional Road Maintenance Program in which Pierce County uses
coverage for roadway maintenance.

Section 7 of the ESA directs federal agencies to ensure the actions they take, including those they
fund or authorize, do not jeopardize the existence of any endangered or threatened species.
Section 7 applies to projects requiring a federal permit or seeking federal funding.

The process usually begins as an informal consultation with U.S. Fish and Wildlife (USFWS) Service
for terrestrial species, the NMFS for marine species, and affected Tribes. If it appears that the
proposal may affect a listed species, the federal agency prepares a biological assessment to assist
in determining the degree of effect on a species. When the federal agency determines that its
action is likely to adversely affect a listed species, formal consultation is requested. The respective
Service (USFWS or NMFS) prepare a biological opinion on whether the proposed activity will
jeopardize the continued existence of a listed species. Jeopardy occurs when an action is
reasonably expected, directly or indirectly, to diminish a species’ numbers, reproduction, or
distribution so that the likelihood of survival and recovery in the wild is appreciably reduced.
When the Service finds that an action may adversely affect a species but not jeopardize its
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continued existence, the Service prepares an incidental take statement. The statement includes
the amount or extent of expected take, reasonable and prudent measures to minimize the take,
and terms and conditions that must be observed when implementing the measures.

In contrast, an ITP (as discussed in Section 10 of the ESA) contains all the conditions that must be
implemented in order to be exempt from the take prohibition and provides an explanation of the
evidence that the Services have considered in reaching their conclusions about issuing the permit.
An application is filed with the Services along with a habitat conservation plan (HCP). After public
review and comment, the Services must find that the habitat conservation plan and proposed
actions (1) involve a taking of an endangered species that will be incidental to an otherwise lawful
activity; (2) the permit applicant will minimize and mitigate the impacts of the taking "to the
maximum extent practicable"; (3) the applicant has ensured adequate funding for its conservation
plan; and (4) the taking will not appreciably reduce the likelihood of the survival of the species.

At the heart of ITPs is an HCP, which starts with a group of activities with potential adverse effects,
frequently those with long-term direct and indirect cumulative adverse effects. Adverse effects are
quantified to the extent possible. Next, the range of programs, projects, methods, and activities
that can overcome the adverse effects are identified. If the permit applicant adopts a plan that the
Services and Tribes agree will not appreciably reduce the likelihood of the survival and recovery of
the species in the wild, the applicant can file for the ITP. Federal funding of up to 75 percent of the
cost of preparing an HCP, 90 percent for multi-sponsors, is available for qualifying applicants. The
ESA also provides federal grants to implement HCPs.

A successful HCP starts with a clear focus on activities with incidental take not covered by Section
7 consultations. For SWM, that means repair and maintenance activities and other activities that
benefit water quality and aquatic habitat (such as floodplain acquisition or setback levees). This
broadens the dialogue between stakeholders to maintenance and repair within the context of the
whole SWM system.

Since the publication of the 2013 Flood Plan, Pierce County has continued its pursuit of an ITP for
Public Works' flood risk reduction maintenance and operations activities. The HCP, which is
needed to obtain an ITP, describes anticipated effects of proposed maintenance and operations
activities along rivers and streams and how county staff and contractors will minimize or mitigate
the impacts to habitat and species. Those activities include managing vegetation along levees for
inspection and maintenance, flood fighting or other emergency work on levees, conducting
imminent threat projects, and routine levee and revetment maintenance. The ITP will allow Pierce
County to conduct routine maintenance activities along segments of the Puyallup, White, Carbon
and Nisqually rivers that might result in incidental takes, without violating the ESA.

Pierce County is working closely with the USFWS and NMFS in the development of the HCP.
Several draft versions of the HCP have been reviewed by the USFWS, NMFS, and Tribes. Issuance
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of an ITP is a federal action subject to National Environmental Policy Act (NEPA) compliance. The
USFWS and NMFS are preparing a joint NEPA environmental assessment (EA) that will analyze the
potential impacts of USFWS and NMFS each issuing an ITP to Pierce County. The EA does not
address the impacts of the county's flood risk reduction activities, which necessarily would take
place with or without the issuance of an ITP. Pierce County has also continued coordination with
federal, state, and local agencies, Tribes, and other stakeholders throughout the development of
the HCP. Publication of the final draft HCP and draft EA is anticipated to occur later in 2023.
Following publication, Pierce County, USFWS and NMFS will solicit public comments during a 45-
day comment period before issuing the ITP. Updates on the project and materials can be found on
the project webpage at Habitat Conservation Plan | Pierce County, WA - Official Website
(piercecountywa.gov).

3.5.3 System-Wide Improvement Framework

The System-Wide Improvement Framework (SWIF) Plan represents Pierce County’'s local approach
to improving the system of levees enrolled in the USACE Public Law (PL) 84-99 Rehabilitation and
Inspection Program. This SWIF Plan was accepted by the USACE on June 8, 2017, and expires in
2037. It is intended to be a “living” document for a 20-year period and will be amended over time
to address evolving river conditions that may affect levee integrity and associated level of flood
risk. The SWIF addresses identified levee deficiencies, including the correction of unacceptable
inspection items in a prioritized manner to optimize flood risk reduction.

The SWIF is an implementation plan where actions are phased over a period of time. The
categories of actions are characterized as near-term, mid-term, long-term, programmatic, and
monitoring actions. Near-term actions are typically those that will be addressed within the current
budget cycle, such as routine maintenance or response to deficiencies that pose a high level of
risk. Mid-term actions are generally those of moderate-high risk and more extensive in scope and
cost, including capital improvement projects scheduled to coincide with the county’s capital
improvement program 6-year budget cycle. Representative mid-term actions include capital
maintenance projects to correct extensive or chronic deficiencies by building resiliency into the
levee repair to better withstand changing river conditions. Long-term actions may include projects
already listed in the 2013 Flood Plan, but not yet included in the current six-year capital
improvement plan or whose funding source has not yet been identified or programmed into the
overall budget.

Programmatic actions are ongoing over the course of the 20-year planning horizon. Programmatic
actions, such as the SWIF levee vegetation management strategy, the levee asset management
program, and the levee capital maintenance/ preservation program, are important components of
the SWIF that will be ongoing through the 20-year course of SWIF implementation necessary to
maintain as well as improve the system of levees over time. Monitoring actions are intended to
ensure that the objectives in the SWIF are met, levee deficiencies do not worsen, and
programmatic actions are successful. The SWIF Action Plan describes interim risk reduction
measures to apply while the SWIF is being implemented. This strategy relies upon the various

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Exhibit A to Ordinance No. 2023-41, Page 84 of 87



Chapter 3: Regulatory Commitments, Agreements, Drivers, and Other Considerations

programs already in place, coordinated between Pierce County SWM and Emergency
Management.

For additional information on the SWIF, please visit SWIF (piercecountywa.gov).

3.5.4 Channel Migration Zone Regulations

Pierce County experiences two major types of hazards associated with riverine flooding: flood
inundation and channel migration. The CMZ refers to the geographic area where a stream or river
has been and is susceptible to channel erosion and/or channel occupation (Rapp and Abbe 2003).
CMZ delineations help reduce risks to communities by making homeowners and potential home
buyers and builders more aware of risks. As shown in Figure 3.3, a home that was more than 150
feet from the mapped floodplain was damaged due to channel migration. The CMZ risk is also
reduced by regulations guiding development in and along river and stream systems that are away
from areas of severe risk of lateral channel erosion. Pierce County only regulates the severe CMZ
as a floodway under PCC Title 18E.70. For example, the severe CMZ on the Puyallup River is where
the river has a high probability of lateral migration within the next five years. Title 18E.70.020
(Flood Hazard Areas) notes that CMZs on regulated watercourses (South Prairie Creek and Carbon,
Puyallup, White, Greenwater, Nisqually, and Mashel rivers) will be regulated when CMZ studies are
completed, accepted, and adopted by Pierce County, except for the lower Puyallup River
(downstream of the confluence on the White River), where the default CMZ shall be the regulated
FEMA floodway.

Figure 3.3. Damage from Channel Migration

3.5.5 Inter-County River Improvement Agreement

The Inter-County River Improvement Agreement (ICRI) was a 105-year agreement approved in
1914 to settle a legal dispute between Pierce and King counties. The ICRI agreement between the
counties was developed in response to the permanent diversion of the White River from King
County into the Stuck River (lower White River) in Pierce County following a catastrophic storm and
flood event in 1906. For this agreement to be possible, state law had to be changed to allow
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counties to jointly fund and operate flood control facilities. The RCW 86.13 was passed by state
legislators in 1913. The ICRI agreement jointly funded the construction and maintenance of flood
facilities on the lower White and lower Puyallup rivers to protect the communities of Sumner,
Puyallup, Tacoma, and the Port of Tacoma. These facilities were constructed between 1914 and
the early 1930s. Many of these facilities continue to exist today. While the agreement has now
expired, the necessity for joint flood planning and response remains on the White River. Pierce
County and King County continue to develop new facilities within their jurisdictions to reduce the
impacts of flooding. A new agreement documenting this continued joint effort is needed to
memorialize this effort.

3.5.6 Salmon Recovery

Chinook, steelhead, and bull trout species are listed as threatened species under the ESA. The
Puget Sound Chinook Recovery Plan lists White River Spring Chinook as a Primary Stock for
recovery, and therefore integral to the recovery of the Evolutionary Significant Unit (ESU).

All rivers in this 2023 Flood Plan study area, except for the upper Nisqually River, are used by
salmon for one or more of their life stages (migration, rearing, and/or spawning). The upper
Nisqually River is inaccessible to salmon due to existing dams. Specific habitat needs for salmon
vary by species and life stage, but important factors for salmon habitat broadly include water
quality and quantity, in-stream woody debris, riparian vegetation, varying sizes of gravel substrate,
and diversity of in-stream conditions such as fast flowing riffles and deep pools.

For spawning and rearing, Chinook and steelhead prefer the large side channels and stable main
channel areas near large pools with wood. Coho, chum, and cutthroat trout occupy smaller side
channels or along the margins of the main channel. Prime spawning and rearing habitat contains
abundant high-quality spawning gravel and a pool-riffle configuration (Marks et. al 2009).

While any fish-bearing water is important potential habitat for salmon species, there are several
areas that are critical remaining habitat. These include the following;:

® Tributaries to the Puyallup, Carbon, and White rivers provide important spawning habitat for
Puyallup River fall Chinook salmon, especially South Prairie Creek.

* Particularly important is the stock of White River spring Chinook, which were on the brink of
extinction in the mid-1980s.

®* The upper White River reach is particularly important ecologically because it provides
spawning habitat for all three ESA-listed species in the Puyallup River watershed, which are
bull trout; Chinook salmon, including spring Chinook; and steelhead.

®* The Greenwater and Clearwater rivers are the principal tributary stream for spawning spring
Chinook in the White River watershed.
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® Boise Creek provides important spawning habitat for steelhead trout and Chinook salmon.

®* The middle reach of the Nisqually River serves as a migration corridor for all species of salmon
in the river and provides spawning habitat for chum, coho, pink, and Chinook salmon and
steelhead. There is abundant spawning gravel just downstream of the Centralia diversion dam.

Pre-modern time river systems in Pierce County were complex, braided, and vast, with extensive
floodplains. Riparian areas and surrounding forests comprised of conifers, hardwoods, and
shrubs are a part of the riverine ecosystem. As part of this same riverine ecosystem, salmonid
populations rely on the environmental conditions created by this landscape. One such vital
condition for anadromous fish is cool water temperatures produced from shade, groundwater
inputs, snow and glacial melt, and climate conditions.

Modern development and population growth in Pierce County have significantly disrupted the
historical functioning of the established ecosystem. A subsequent change is the increase in water
temperatures within natural water systems, which negatively impacts anadromous fish. Warm
water temperatures can alter the timing of migration and spawning, negatively affect growth and
survival, increase salmonid stress levels and susceptibility to disease (Lead Entity, 2018), promote
predator survival, and create thermal barriers to migration routes to spawning and rearing
habitat.

Chinook salmon are most frequently observed spawning in waters between 4 and 14 degrees
Celsius (°C) (39 to 57 degrees Fahrenheit [°F]) and bull trout below 9 °C (49 °F) (Behnke 2002; EPA
2003; ). Rearing of juvenile Chinook salmon usually occurs in water with temperatures ranging
from 10 to 17°C (50 to 63 °F) (EPA 2003). In some cases, Chinook salmon, coho salmon, and
steelhead trout have long freshwater rearing requirements, and warmer stream temperatures
may heavily impact their populations. To promote cool water, intact forested areas near
waterways and riparian areas should remain intact. Vegetation along riverine corridors is essential
to provide shading and habitat opportunities for a variety of fish and wildlife species. Extra
precautions for maintaining shade should be considered on the southerly bank of river channels
to keep water temperatures cool (avoid reductions of trees in riparian area) (Lead Entity, 2018).

A recent study completed through the Floodplains for the Future partnership used Thermal
Infrared Technology to measure the thermal landscape of the Puyallup River Watershed (South
Puget Sound Salmon Enhancement Group, 2019). This work flagged multiple high temperature
areas, helping to pivot and concentrate cold water refuge restoration work in these vicinities.

Forested riparian buffers provide important habitat for salmon because they shade and cool
streams and produce large woody material (LWM) that support instream habitat-forming
ecological processes. A mature forested riparian buffer with a full complement of ages, sizes, and
species of native trees and vegetation, and of a width equal to the site-potential tree height (about
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200 feet in Western Washington) will provide adequate LWM to create functional salmon habitat
(Knutson and Naef 1997).

The Salmon Habitat Protection and Restoration Strategy for Puyallup and Chambers Watersheds
recommends applying a 200-foot forested riparian buffer to the Digital Flood Insurance Rate Map
(DFIRM) 100-year floodplain maps or the CMZ severe hazard area, whichever is greater in width, to
best support salmon habitat-forming processes. Extra attention should be focused on the
southern bank of river channels, where the forested buffer creates shade and keeps water
temperatures lower. For additional information on the 200-foot riparian buffer, visit Focus on
Riparian Buffers for Salmon Protection (wa.gov).

Within Pierce County, many streams pass through culverts across a variety of land ownership
types, including private landowners, the state, local cities and towns, and unincorporated Pierce
County. Passage of anadromous fish through these culverts is paramount to salmon recovery, and
an obligation to Tribal Treaty Rights as determined by the U.S. Supreme Court in 2018 (United
States v. Washington, 2016). Figure 3.4 provides a timeline overview of the culvert case milestones.

Figure 3.4. Timeline of the United States vs. Washington Case
|

January 12, 2001 August 22, 2007 March 23, 2013 June 27, 2016 January 12,2018
Twenty-0ne Washington District Court determines District Court issues Unanimous 3-0 decision The Supreme Court

tribes along with the that culverts do impede and injunction of the Ninth Circuit agrees to hear the
United States asked the migration, and that ordering the state to Court of Appeals let the state’s appeal. The
US District Court to find building a lack of increase state-owned injunction for culverts 4-4 tie goes to the
that culvert repair was maintenance diminished barrier replacement with high impact in fish ‘Western Washington

integral in the treaty- the salmon runs. emphasizing those that habitat to stand and be Tribes continuing the

based agreement to have the largest impact replaced by 2050. replacement of culverts
preserve fish runs. on run sizes. impeding fish passage.

| |
As salmon migrate upstream from Puget Sound, they most often pass through cities, towns, and
private lands before entering unincorporated Pierce County. To truly connect salmon to habitat,
fish passage improvements must occur on a watershed scale through collaboration and
partnerships. Particularly important to the effort is the partnership with the local Tribal
governments. Pierce County recognizes the importance in addressing county-owned culverts,
while acknowledging that the best use of public funds for fish passage projects is to coordinate
efforts throughout the county to restore fish accessibility to creeks and streams.

Pierce County Planning and Public Works manages county infrastructure, such as culverts and
bridges. Each division intersects with fish passage infrastructure in different ways. The Office of
the County Engineer implements road projects that occasionally cross streams; Maintenance and
Operations and Parks and Recreation both maintain existing infrastructure such as culverts and
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bridges; Planning and Land Services perform permitting for those activities and SWM assists with
culvert replacements for the benefit of fish passage and stormwater. Coordinating and
streamlining work efforts across Pierce County divisions is fundamental to achieving the larger
vision of improving fish passage to rivers and streams in a timely manner.

Governor Jay Inslee established the Southern Resident Orca Task Force through Executive Order
18-02 in March 2018 after recognizing the urgency of the threats facing the Southern Resident
orcas and the unacceptable loss extinction would bring.

While other killer whale populations prey upon a variety of marine mammal or shark species,
Southern Residents have uniquely evolved to prey upon salmon—with Chinook making up about
80 percent of their diet. Many Chinook populations across the Pacific Northwest have declined to
a fraction of their historic abundance and are listed as either threatened or endangered under the
ESA. In addition, Chinook are returning younger and smaller than they have historically. These
significant shifts in abundance and size are making Chinook less available and less nutritious for
Southern Resident orcas.

Climate change is another important consideration that is already exacerbating existing stresses
on Southern Residents and the ecosystems upon which they depend, including salmon and forage
fish. As temperatures continue to rise, Southern Residents will be affected primarily through their
food web. Higher temperatures will impact salmon habitats and populations at each life stage. In
response, Pierce County can help mitigate the impact of a changing climate by accelerating and
increasing action to increase the resiliency and vitality of salmon populations and the ecosystems
on which they depend.

Listed below are some recommendations from the task force work that are relevant to the multi-
benefit projects and work Pierce County does within river corridors.

® Increase fish access to cold water habitats and refugia.

® Significantly increase the scale and scope of investment in habitat protection and restoration
projects that focus on habitat diversity and complexity.

® Increase the diversity and resiliency of wild and hatchery salmon stocks.

For additional information on orca restoration, visit Southern Resident Orca Task Force Final
Report and Recommendations, November, 2019.

Several Puget Sound salmonid species are listed as threatened or as species of concern under the
federal ESA, and critical habitat has been designated for some species. In addition to ESA
requirements, there are Tribal treaties and state regulations addressed in the Hydraulic Project
Approval legislation, Growth Management Act, and Shoreline Management Act that identify
salmon as a protected species and require land use and recovery planning to protect salmon
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species and their habitats. There are recovery plans at the state, regional, and sometimes
watershed level, such as watershed chapters of the Puget Sound Chinook Recovery Plan, which
was adopted by the NMFS. Local Tribes as well as the Northwest Indian Fisheries Commission are
involved in decision making and co-manage the resources along with the Washington State
Department of Fish and Wildlife.

The Salmon Recovery Planning Act (RCW 77.85) provides the framework for salmon recovery in
Washington State. It established the Governor’s Salmon Recovery Office, the Salmon Recovery
Funding Board, and delegates recovery of habitat to watershed-based Salmon Recovery Lead
Entities, which put the local stakeholders in the driver's seat to develop recovery strategies and
identify, prioritize, and fund restoration projects. The Recreation and Conservation Office
manages the Lead Entity process for the state, and the Puget Sound Partnership (PSP) is the Puget
Sound regional organization that coordinates the Puget Sound Lead Entities.

Salmon Recovery Efforts

One important flood control strategy is to either remove or set existing levees back closer to the
edge of floodplains. This provides more room for floodwaters to occupy a river, which also
provides important opportunities for salmon to escape fast-flowing floodwaters into the
reconnected floodplain, where there is also more habitat and prey available.

All of this demonstrates the need to coordinate any flood reduction and floodplain management
strategy with salmon recovery efforts. It will also help salmon recovery to consider climate
resilience; temperature reduction; and efforts that help protect habitat, such as strengthening and
enforcing critical area regulations and making sure all actions achieve a net ecological benefit.

For additional information on salmon recovery in the Puget Sound, visit the Puget Sound Salmon
Recovery Plan at Recovery Plan for Puget Sound Chinook Salmon | NOAA Fisheries.

The Puget Sound basin in Washington is the southern portion of the Salish Sea. The collaborative
effort to recover Puget Sound is directed by the PSP, a state agency. The PSP is responsible for
coordinating recovery efforts and distributing the EPA’s National Estuaries Program grant dollars,
along with other state agencies that take the lead on one of three Strategic Initiatives: stormwater,
habitat, and shellfish.

Puget Sound Vital Signs are agreed upon indicators that identify quantifiable measures of
progress toward recovery. The Vital Signs underwent significant revision in 2020-21.
Implementation Strategies are plans for achieving specific ecosystem targets for the Puget Sound
Vital Sign indicators. These indicators describe the sequence of steps, activities, and results
needed to move closer to a recovery goal. With regard to flooding, the Vital Signs most relevant
are streams and floodplains, estuaries, salmon, forests and wetlands, beaches, and marine
vegetation.

To guide the implementation, every five years the PSP produces the Puget Sound Action Agenda
of shared priorities for recovery. The basis of the Action Agenda is science. It is also informed by
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Ecosystem Recovery Plans developed by local experts and stakeholders from among 10 Local
Integrating Organizations (LIO) across the Puget Sound basin.

There are three LIOs within (and beyond) Pierce County’s jurisdictional boundaries:
® Alliance for a Healthy South Sound (South Sound LIO)
® West Sound Partners for Ecosystem Recovery (formerly West Sound LIO)

® Puyallup-White River LIO

Prior to the 2022-2026 Action Agenda, organizations were invited to submit projects they deemed
necessary to recovery efforts, which they termed Near Term Actions (NTA). If accepted, the NTAs
became eligible to receive National Estuary Program NEP funding annually in a competitive
process. The next Action Agenda is expected to have a different model for prioritizing and funding
projects.

The local Ecosystem Recovery Plans, along with the Puget Sound Action Agenda, are good sources
of information to inform local priorities and future projects that will influence recovery of Puget
Sound. Aligning projects with these plans will serve to achieve priorities and leverage dollars. It is
worth noting that only projects that are accepted and align with these plans are eligible for the
NEP funding dedicated to Puget Sound estuary recovery.

3.5.7 Community Rating System

The CRS is an incentive program for jurisdictions who practice comprehensive floodplain
management with standards that exceed the minimum requirements of the NFIP. The incentive
comes in the form of discounts on flood insurance, which allows residents more affordable
insurance and the ability to recover faster after a flood. Pierce County has participated in the NFIP
since 1987 and in the CRS since 1997.

The NFIP was created in 1968 to address the rising cost of taxpayer-funded disaster relief. The
goal of the program is to decrease the amount of money the federal government pays in post-
flood disaster relief by encouraging jurisdictions to reduce the risk to property owners through
floodplain mapping, regulations, education, and other programs. The NFIP is administered by the
Federal Insurance Administration, which is part of FEMA. While participation in the NFIP is
technically not required under federal law, it is highly impractical for Pierce County and other local
governments to not participate in the program because federally backed mortgage loans require
the purchase of flood insurance if the structure is in the mapped floodplain. Participation in the
NFIP allows for federal assistance under the Stafford Act when there is a Presidential Declared
Disaster as well as Small Business Administration loans and Community Development Block
Grants.
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The CRS was launched in 1990 to be an incentive program to reward communities that exceed the
NFIP minimum standards. The CRS program has three primary goals: reduce flood losses, support
the federal flood insurance program, and support comprehensive floodplain management.

The CRS program scale begins at a Class 10, and for every 500 points a community is credited, it
goes up a class and receives an additional five percent insurance discount. For instance, a Class 10
community receives no premium reduction, but a Class 1 community receives a 45 percent
discount. CRS is divided into four major sections (Public Information, Mapping and Regulations,
Flood Damage Reduction, and Warning and Response) that represent 19 major activities that are
scored based on 95 individual elements. To move between classes, it is also necessary to meet
certain prerequisites.

Pierce County has done quite well in the CRS program because the County’'s mission, expressed
throughout this 2023 Flood Plan, aligns with the goals of the CRS program. Pierce County began as
a Class 7 community in 1995, and since 2009, the county has been a Class 2 community. This gives
a 40 percent discount on flood insurance to unincorporated Pierce County residents. For
additional information on Pierce County’s CRS program, please visit the following link: Community
Rating System Program | Pierce County, WA - Official Website (piercecountywa.gov).

Table 3.1 shows a breakdown of Pierce County’s 2018 CRS points. Pierce County continues to
strive to improve its program and rating under the CRS program. This will be aided by
implementation of this 2023 Flood Plan.

Table 3.1. Summary of CRS Activities and Points

2017 Manual Maximum 2018 Pierce County Points
Activity Possible Points? Earned®

Elevations Certificates 116 77
Map Information Service 90 90
Outreach Projects 300 227
Hazard Disclosure 80 25
Flood Protection Information 125 53
Flood Assistance 110

Flood Insurance Promotion 110

Floodplain Mapping 850 141
Open Space Preservation 3,720 1,303
Higher Regulatory Standards 3,782 682
Flood Data Maintenance 222 187
Stormwater Management 755 530
Floodplain Management Planning 622 291
Acquisition and Relocation 2,250 437
Flood Protection 1,600 204
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2017 Manual Maximum 2018 Pierce County Points
Activity Possible Points? Earned®

Drainage System Maintenance 470 115

Flood Warning and Response 395 275

Levees 235

Dams 160 45

Total 15,992 4,682

Growth Adjustment 1.08 227

Total Points 4,909

@ Maximum possible points based on 2017 CRS Coordinators Manual.
b Blanks indicate that Pierce County did not seek credit for these activities.

3.5.8 Tribal Agreements

3.5.8.1 Settlement Agreement between Puyallup Tribe of Indians and Federal Government, State
of Washington, Local Governments of Pierce County, and Private Interests

In 1990, a Settlement Agreement was reached between the Puyallup Tribe of Indians (Puyallup
Tribe), local governments in Pierce County, the State of Washington, the United States of America,
Port of Tacoma, and certain private property owners. Key provisions of this agreement that affect
flood hazard management planning efforts include:

1. Numerous additions to the Tribe’s land base, including the submerged lands below the mean
high water line (riverbed) within the Puyallup River within the 1873 survey area (approximately
RM 1.4 to RM 7.2);

2. Provisions for substantial restoration of the fishery resource, allowing for future development
while lessening impacts on fisheries;

3. Resolution of conflicts over governmental jurisdiction; and

4. Establishment of a consultation process. All actions in this area need approval of the Puyallup
Tribe.

The agreement also specifically affects vegetation management, gravel removal, and flood control
activities to the extent to which they affect fisheries habitat. The agreement calls for the partners
and stakeholders involved in development of this flood plan to work closely with the Puyallup
Tribe to ensure that the draft and final recommendations are consistent with the agreement. A
more complete summary of the agreement is found in Appendix B.

3.5.8.2 Vegetation Management Agreement with Puyallup Tribe of Indians

Adopted in 1985, the Puyallup River Vegetation Management Program was the result of an
agreement between Pierce County and the Puyallup Tribe to settle a legal dispute about
vegetation on the county's flood control facilities. The United States District Court issued a
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stipulation that acknowledged the vegetation management program and enabled the lawsuit to
be cancelled. The program specifies allowable vegetation removal for maintenance activities,
sediment berm and gravel removal, and levee/revetment reconstruction in the Puyallup River
Basin. Recommendations in this 2023 Flood Plan must be consistent with or specify changes to
the agreement for consideration by the two parties to the agreement.

3.5.9 United States Army Corps of Engineers Mud Mountain Dam Operational
Agreement

The primary control on the magnitude of flood flows in the lower Puyallup and lower White rivers
is Mud Mountain Dam, which was completed in 1948 at RM 29.6 on the White River. The dam
flood control project was authorized by an Act of Congress in 1936. The authorized project
purpose of the dam is to prevent flood damages in the lower Puyallup River valley below the
mouth of the White River. The dam was developed for the single purpose of flood storage to
reduce downstream flooding and is operated as a run-of-river facility. (A run-of-river facility allows
the river to flow freely during normal non-flood conditions.) Most other federal dams are
multipurpose, with a permanent pool for irrigation or conservation flows to support in-stream
flows downstream.

The dam is owned and operated by the USACE and provides storage of up to 106,000 acre-feet of
floodwaters. It was originally operated to maintain flows on the lower Puyallup River below 45,000
cfs at the U.S. Geological Survey (USGS) Puyallup River gauge in Puyallup (#12101500). Under the
initial water control plan, water stored in the dam was discharged to the White River at up to
17,600 cfs (USACE 2002). Channel capacity of the White River downstream of the dam was
estimated to be at least 20,000 cfs. However, field observations in the 1970s indicated that
flooding in the White River downstream of the dam was occurring at discharges as low as 12,000
cfs. The reduced flood-carrying capacity of the river was attributed to multiple factors, including
encroachment of development along the channel, accretion of sediments in the channel, and
limitations on channel dredging (USACE 2002). The Water Control Manual for the dam was
updated in 2004 to reflect a revised operating procedure (USACE 2004). The primary objective (i.e.,
restrict flood discharges in the lower Puyallup to a maximum of 45,000 cfs) remains intact, but a
new secondary objective was added to limit dam discharges to 12,000 cfs, when feasible.
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4 Project Considerations

4.1 Climate Change Projections for Pierce County

Climate change in the Pacific Northwest is predicted to have significant effects on flooding and
channel migration within Pierce County river systems. Appendix C discusses in more detail the
effects of the background of climate projections as well as past trends and projected changes for
warming air, precipitation, shrinking snow and glaciers, sea level rise, groundwater flooding, and
river flooding.

As a result of climate change, flood events may be more frequent and longer in duration. It is
necessary to account for these changes as part of project and program implementation
throughout the county.

Pierce County completed a Climate Change Resilience Strategy for Pierce County SWM along with
other departments. This study can be found at: https://www.piercecountywa.gov/5558/Climate-
Change-Resilience.

4.1.1 How Climate Change Will Affect Flooding in Pierce County

Floods in the Puget Sound region are becoming larger and more frequent due to the combined
effects of declining snowpack, intensifying rain events, and rising sea levels. For example, one
recent study projects a 25 percent to 44 percent increase in the volume of the 100-year flood by
the 2080s for the lower Puyallup River (on average, for a low and a high greenhouse gas scenario,
respectively; Chegwidden et al. 2019).

Given that the FEMA (2002) calculation of the 100-year flood discharge in the lower Puyallup River
was 48,000 cfs and as of 2022 the calculated discharge (based on observations) is now 59,500 cfs,
the estimated discharge of 60,000 to 69,000 cfs for the future 100-year flood in the 2080s appears
understated. These discharge estimates represent dramatic changes in flooding, especially given
the severe consequences of major floods under current conditions. Additional flooding impacts,
such as potential consequences of groundwater flooding, wildfire, and channel aggradation in
response to higher sediment loads, could be important but have not yet been sufficiently studied.
For additional information on Climate Change projections for Pierce County please see Appendix
C.

4.1.2 Climate Change and Pierce County Capital Projects

Climate change affects all types of capital improvements projects. The potential impacts of climate
change on a marine floodwall will be substantially different than impacts on a setback levee, a fish
passage culvert, or a water quality treatment facility. The climate science currently available in
these different environments varies widely. Because sea level rise is a global issue, it has received
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more scientific investigation and modelling than localized changes on precipitation patterns and
their effects on rainfall intensity and hydrology within Pierce County.

With many capital projects having an expected life span of up to 100 years, acknowledging climate
change during the design process is prudent. Concrete structures, such as fish passage culverts,
have a design life of approximately 100 years. The U.S. Army Corps of Engineers (USACE) uses a
design life of 50 years when designing new levees but acknowledges that the facilities could
continue to meet level-of-service expectations for longer. Future conditions, that is, changes in
land use and changes in channel morphology (sediment transport) during the expected life of a
project, are already being factored in during project design, so precedent exists for factoring in
climate change as well. The challenge is determining when climate change forecasts are
sufficiently accurate for use during the design process.

The Washington Department of Fish and Wildlife (WDFW) has issued guidance on incorporating
climate change into the design of fish passage structures (Wilhere et al. 2017), which Pierce
County implements on an “as feasible” basis. The Washington State Department of Transportation
also provides guidance for the design of bridges and stream crossings in Section 7-4.4.6, “Climate
Resilience,” in the 2022 Hydraulics Manual.

Design of new setback levees and the analysis of large regional storm control facilities all attempt
to quantify climate change in some way. Water quality treatment facilities, which are designed for
the very frequent “water quality event” specified by the 2019 Western Washington Stormwater
Design Manual (Ecology 2019), are not currently designed to accommodate climate change. In this
instance, definitive guidance from Washington State Department of Ecology (Ecology) or others
would be helpful.

4.2 Adaptive Management/Pathways

When permits are issued for maintenance, repair, or replacement of flood risk reduction
facilities, the permits often require monitoring to ensure the facility is functioning as
designed. Post-project monitoring of selected indicators can provide valuable information on
the effectiveness of project types and how to improve the design and construction of future
projects. Pierce County should use this information to modify and adjust design approaches
and construction and maintenance practices to ensure that the most appropriate methods
and materials are used. This information may also be used to communicate progress
achieved toward reaching flood hazard management project and reach level goals over time.
Adaptive management approaches to plan implementation require a commitment to an
ongoing coordinated information management system.
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4.2.1 Adaptive Management

The 2023 Flood Plan contains recommendations and capital projects to guide Pierce County’s
flood hazard reduction over the next 10 to 20 years. The plan reflects the best available
information at the time of plan completion, but there remains much to be learned through
implementation. Several of the recommendations in this Plan include future evaluation and/or
monitoring. Without a well-designed approach to determine the effectiveness of strategies and
actions in meeting project objectives, learning opportunities are lost for improving future actions.
Adaptive management offers a framework and systematic approach for understanding the
effectiveness of individual projects as well as to measure progress made towards meeting stated
project goals and objectives. This information may be used to make adjustments to projects over
time as well as to continually improve the effectiveness of new management policies and
practices. Adaptive management leads to improved outcomes and more comprehensive ways to
communicate results to technical and non-technical audiences.

Adaptive management frameworks provide a strategic approach to problem solving and decision-
making in the face of ongoing uncertainty. The Puget Sound ecosystem recovery process has
adopted the Open Standards for the Practice of Conservation (Open Standards), as the adaptive
management framework for the region. The Open Standards framework was developed by the
Conservation Measures Partnership and has been deployed nationally and internationally in
support of conservation and resource management projects and initiatives. In addition to the
Puget Sound Partnership’s deployment of the Open Standards, other regional applications of the
Open Standards include regional salmon recovery implementation, the Hood Canal Watershed
Protection Initiative, the Pilchuck Watershed Protection Project, Port Susan Conservation, and
Snohomish Basin Watershed Protection Plan. The Open Standards is a simple five-step process, as
identified in Figure 4-1 and described below.
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Figure 4-1. Open Standards Framework to Adaptive Management
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Step 1 involves defining the extent of the problem and examining potential opportunities for
taking action. Step 2 involves developing goals, strategies, and theories of change associated with
primary strategies as well as selecting indicators to monitor the effectiveness of the chosen action.
Step 3 involves implementation of the project or program and monitoring to determine how
effective the actions are in meeting project goals and management objectives. This sometimes
involves formal hypothesis testing. Step 4 involves evaluating data, comparing actual outcomes to
forecasted outcomes, and adapting a strategic plan, as necessary. Step 5 involves sharing
information and knowledge with all interested stakeholders to reflect new understanding from
results of Steps 1 through 4 in a continual cycle of improvement.

Adaptive management is an integral component of implementation. An adaptive management
framework includes an institutional structure that, in combination with monitoring and evaluation,
can be used to judge progress in achieving this 2023 Flood Plan goals and objectives. The
framework also lays out how information from monitoring and evaluation efforts will guide
decisions about future flood risk reduction measures.
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4.3 Pathways Approach

With uncertainty and limited known information about some of the flood hazards presented in
this 2023 Flood Plan, such as groundwater, coastal, and urban flooding, Pierce County is adopting
a pathways approach to adaptive management. The pathways approach promotes adaptive
management, which enables adaptation plans to be ongoing by incorporating flexibility and
adaptability into the decision-making process. Not all decisions must be made immediately, and
options can remain on the table. This prevents decisions from being made now that lock decision-
makers out of other options in the future.

An adaptation pathway is a decision-making strategy that is made up of a sequence of
manageable steps or decision points over time. This approach helps to deal with the deep
uncertainty associated with climate change, shifts in public support, politics, and policy changes.
These uncertainties make it difficult to develop specific plans for future flood hazard management
projects, particularly when little is known about the hazard, and instead highlight the need for
plans that are flexible and responsive to changing conditions over time. The concept of adaptation
pathways has emerged to address these challenges. The adaptation pathway approach has been
successfully applied around the United States and the world.

As presented in this 2023 Flood Plan, pathways were prepared for groundwater, coastal, and
urban flood hazards. These pathways illustrate Pierce County actions, in coordination with cities,
intended to take place over the course of the implementation of this plan and beyond. Additional
pathways were created for specific problems and projects for Pierce County, Bonney Lake,
Puyallup, and South Prairie. Chapter 6 provides more information on each flood hazard pathway.

4.4  Integrated Work and Coordination

Pierce County works with multiple federal, state, and local partners on flood risk reduction
policies, plans, and projects. The inclusion of diverse stakeholders in Pierce County's work
collaboratively improves floodplain health, beginning with actions that address flood risk
reduction, agricultural viability, and habitat restoration/creation. Pierce County will continue to
strengthen partnerships with stakeholders through completing an array of projects that provide
significant flood control and ecological lift to the system. Pierce County's approach is to complete
an array of integrated projects across all communities within and adjacent to the county, that
combined, will provide significant flood control and ecological benefits to the entire river system.
This approach ensures increased consistency in floodplain management approaches across all
jurisdictions.

4.4.1 Floodplains for the Future

Floodplains for the Future is a cross-sector and inter-organizational partnership in the Puyallup
River Watershed. Twenty-two partner organizations meet to plan, fund, and implement floodplain
projects to attain the shared vision of restored connections between rivers and land to improve
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habitat for salmon and protect communities and infrastructure from flooding while preserving
agricultural lands. Figure 4-2 outlines all the partners in the Floodplains for the Future group.

Floodplains for the Future works on projects across the Puyallup Watershed, including Orville
Road Protection Project, Clear Creek Floodplain Reconnection Project, Neadham Road Acquisition
and Revetment, South Prairie Creek Restoration Project, Alward Road Acquisition and Floodplain
Restoration, Pacific Point Bar, Ball Creek, White River 24th Street Point Bar, and South Fork Side
Channel Reconnection Project. For additional information, please visit
https.//floodplainsforthefuture.org/.

Figure 4-2. Floodplains for the Future Partner Organizations
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4.4.2 Coordination with Cities, Towns, and Counties

Coordination with the cities and towns of Pierce County has been imperative during the
development of this 2023 Flood Plan. The cities and towns met during the summer of 2021 to
update and modify the Problem and Project Ranking Criteria used to score and prioritize flood
projects included in this plan. The cities and towns worked diligently to add two new categories to
the ranking criteria (Partnerships and Opportunities and Best Management Practices) and create a
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more detailed description of some of the existing criteria that were already in the ranking criteria.
The Problem and Project Ranking Criteria can be found in Appendix D.

Most cities and towns within Pierce County also participated in Flood Plan Advisory Committee
and Disappearing Task Groups (DTGs) that discussed topics such as urban, groundwater, and
coastal flood hazards. These meetings were held throughout the development of this plan where
the cities and towns provided critical information on the additional flood hazards in this plan. Not
only did the cities and towns take part in those specific DTG meetings to address urban,
groundwater, and coastal flooding, but they also took part in an additional set of DTG meetings to
create programmatic recommendations and actions to work on over the next 10 years. These
recommendations can be found in Appendix E.

Given the variety of jurisdictions and stakeholders in the floodplains of Pierce County’'s major
rivers, it is critical to continue to coordinate with neighboring counties. Pierce County shares
jurisdiction with Lewis and Thurston counties along the Nisqually River and with King County along
the White River, respectively. Coastal flooding is experienced by surrounding counties including
Thurston, Mason, Kitsap and King. Throughout this planning process, neighboring counties also
participated in the Flood Plan Advisory Committee as well as some of the DTG meetings. Pierce
County will continue to coordinate and work with partner counties as part of plan implementation.

4.4.3 Federal/State Coordination

Joint Base Lewis-McChord (JBLM) and Camp Murray are military installations located within Pierce
County in the Chambers-Clover Creek Watershed, which is in a hydrologically well-connected
surface water and groundwater system. Management of surface and groundwater resources and
base operations have impacts on creeks, groundwater, and communities in jurisdictions of
unincorporated Pierce County, as well as Tacoma, Lakewood, Roy,
DuPont, and Steilacoom. PFAS (per- and
polyfluoroalkyl
substances) are widely
used, long-lasting
chemicals, components

Most recently, the emergency culvert replacements to a re-designed
bridge under the McChord airfield on JBLM diverted a portion of Clover
Creek on the base and carried out dewatering along the section of the

creek during construction. The construction affected the stream flow of which break down
downstream and off the base to the west and may have drained some | very slowly over time.
areas upstream and off the base to the east. Scientific studies have

shown that exposure to
some PFAS in the
environment may be

Historical operational practices on base, such as using perfluoroalky
and polyfluoroalkyl substances (PFAs) for fire suppression at the

airfield have polluted nearby creeks in the past and has led to linked to harmful health
groundwater contamination off the base that still persists today. effects in humans and
This affects local water purveyors and consumers. animals.

A better understanding of groundwater levels and quality in this highly permeable system is
needed to address known water quality and quantity issues in Section 303d stream reaches and
nearby Spanaway Lake. Since much of this land mass in the area is within federal jurisdiction, it is
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important to continue to work with JBLM to have a coordinated approach to future issues as they
arise.

4.4.4 Tribal Coordination

Tribal coordination has been essential during the development of this 2023 Flood Plan. In 2019,
prior to developing the outline for this plan, Pierce County Surface Water Management (SWM) held
a meeting with Puyallup Tribe of Indians (Puyallup Tribe) and Muckleshoot Indian Tribe
(Muckleshoot Tribe) fisheries staff to scope the plan outline. During that meeting, SWM staff were
able to collect suggestions from the Tribes on ways to improve the Flood Plan. Since the 2023
Flood Plan kickoff, the Puyallup Tribe, Muckleshoot Tribe, Nisqually Indian Tribe, and Squaxin
Island Tribe have been active participants in the Flood Plan Advisory Committee and/or the DTG
meetings.

Ongoing coordination between Pierce County and the Tribes will continue in order to minimize the
likelihood of impacts of flood hazard management projects on cultural and historic resources,
habitat, and treaty fishing rights. Tribal cultural and fisheries staff are consistently consulted both
formally and informally in the development of capital improvement projects, plans, and studies.
As mentioned earlier, the Puyallup Tribe and the Muckleshoot Tribe participate in the Floodplains
for the Future group that collaborates on projects along the Puyallup, White, and Carbon rivers.
Currently, the Puyallup Tribe is a partner on projects such as the thermal refugia project on South
Prairie Creek in collaboration with the South Puget Sound Salmon Enhancement Group; the Clear
Creek Habitat restoration project in collaboration with Pierce County (Clear Creek Habitat
Restoration), and Swan Creek Channel Restoration at 64th Street project, which is also in
coordination with Pierce County (Swan Creek Channel Restoration at 64th Street). Partnerships
like these are key in assisting Pierce County achieve long-term habitat improvements through
improved flood risk reduction and mitigation efforts.

When the Pierce County Flood Control Zone District (FCZD) was created in 2012, the Pierce County
Council also created a 15-member countywide advisory committee. This advisory committee
provides policy advice to the FCZD Board of Supervisors and recommends an annual capital
budget for the district. Chapter 11.06.030C (Ch. 11.06 Pierce County Flood Control Zone District) in
the Pierce County Code outlines the specific locations and/or organizations the 15 members
should represent on the advisory committee. According to county code, the Puyallup Tribe or a
representative from either a recognized organization representing agriculture and/or forestry
interests would have a seat on the advisory committee. Since this code went into effect in 2012,
the Puyallup Tribe has had held that position on the advisory committee. Having the Puyallup
Tribe serve on this committee has allowed for continued coordination between the county and the
Tribe while constructing, operating, and maintaining flood control projects in the county. For
additional information on the Pierce County Flood Control Zone District, visit Pierce County Flood
Zone District, WA.
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5 Programmatic Recommendations

This chapter focuses on programmatic recommendations and non-structural actions to increase
understanding of flood risks in Pierce County, encourage partnerships with other agencies, and
improve the services offered by Pierce County to further reduce the associated risks of flooding
and channel migration. Once the programmatic recommendations are adopted, they will also
provide guidance for how floodplain management is implemented throughout Pierce County over
the next 10 years. The programmatic recommendations include a wide array of programs and
projects such as environmental justice, hazard mapping, technical assistance, public education
and outreach, flood warning and emergency response, and studies such as sediment
management in small streams as well as salmon habitat and monitoring.

Each of the programmatic recommendations is presented with supporting information for the
recommendation or action. Each programmatic recommendation is listed in a table format that
includes timeframe, programmatic recommendation, lead department, and partners. For this
flood plan, the timeline is described as follows:

f’b Ongoing: This recommendation is actively being worked on at this time.
‘.-

o Near Term: Completed within a 2-year timeframe

o Mid Term: Completed within a 2- to 6-year timeframe

@ Long Term: Completed within a 10-year timeframe

During the planning process, Pierce County also identified lead departments that would work to
accomplish the recommendations/actions and listed partners who could assist with accomplishing
the programmatic recommendations.

The costs of implementing the programmatic recommendations vary due to the number of full-
time staff to implement a program element; lump sum costs; and whether costs are annual, one-
time, or, for example, once every five years or during/following a flood event.

5.1 Environmental Justice

Pierce County Surface Water Management (SWM) Division projects and programs do not affect
everyone similarly. By not considering equity, some responses may even lead to unintended
disparities in “overburdened communities. ” Overburdened communities are those that
experience disproportionate environmental harms and risks due to exposures, greater
vulnerability to environmental hazards, or cumulative impacts from multiple stressors. One

5.1
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example is the Valley Brook mobile home park, as shown in Figure 5.1. This may relate to impacts
to sustainable agriculture, aging infrastructure, affordable housing, water-dependent employment
locations, access to resources like public transit, recreation and childcare, and dependence on
social networks when relocation is an option or necessity.

Figure 5.1. Valley Brook Mobile Home Park Flooding in 2009

In 2020, Pierce County partnered with the City of Tacoma and the Tacoma-Pierce County Health
Department to implement a countywide Equity Index. This new Equity Index (which combines
values for livability, accessibility, education, environmental health, and economy by geographic
areas within the county) was launched to the public in 2021.

Pierce County completed a Flood Risk Assessment and Economic Analysis in March 2022. Included
in this analysis are the demographic and socioeconomic characteristics of people living within the
Pierce County floodplain areas compared to those living outside of the floodplain. The data
collected to write this study will assist Pierce County with pursuing the programmatic
recommendations listed in Table 5.1.
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Table 5.1. Environmental Justice Programmatic Recommendations

Timeline Action Lead Department ETRG TS
Hire an Environmental Justice Planning and Public Pierce County Planning
consultant to do the following: Works—SWM and Land Services

e Conduct a review of past
acquisition projects to identify
strategies that effectively
address equity concerns.

Establish an Environmental Justice Planning and Public
working group to advance and track Works—SWM

the implementation of the listed

Programmatic Recommendations.

Implement and create a tool that Planning and Public Consultant
will help assess progress: e.g., Works—SWM

Programmatic, Capital Projects

Assessment Schedule.

Incorporate an equity screening Planning and Public Other Pierce County
tool into Capital improvement Works—SWM Public Works
project prospectus phase and departments

evaluate how this tool might fit into
the Project Delivery Manual.

@ OO0 O

|dentify and develop language and Pierce County Pierce County Surface
culturally appropriate outreach Communication Water Management
guidelines, methodologies, Department

outreach materials, and literature
for capital projects.

DO0W®

Ongoing Near Term Mid Term Long Term

(This list is not ranked or prioritized.)

5.2 Floodplain Management

The most effective way to reduce risks and costs associated with flood hazard areas is to minimize
incompatible land uses and human activities. In addition to acquisition, capital projects, and other
structural solutions, a combination of regulations and programmatic actions also support this
goal.

5.2.1 Flood Hazard Areas Regulations

Implementation of flood hazard area regulations are one of the most effective ways to reduce
future risks and property losses. The PCC Chapter 18E.70 (Flood Hazard Areas) is a section of the
critical areas development regulations that is the primary tool for regulating land use in the
floodplain.
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The Washington State Growth Management Act (GMA) requires the protection of five types of
critical areas: wetlands, critical aquifer recharge areas, frequently flooded areas, geologically
hazardous areas, and fish and wildlife conservation areas. Frequently flooded areas as defined by
GMA are the same as “flood hazard areas” in the PCC and city municipal codes entitled, for
example, “flood damage prevention,” “flood damage protection,” or “flood control.” Flood hazard
areas along rivers in Pierce County include floodplains and floodways (Federal Emergency
Management Agency [FEMA] regulatory floodway, deep and/or fast flowing water floodway, and
channel migration zone floodway).

Pierce County and other jurisdictions use the following FEMA products for determining flood
hazard areas:

®* FEMA Flood Insurance Rate maps (FIRM)

®* FEMA Flood Insurance studies (including preliminary studies)

®* FEMA Flood Insurance Rate maps (including preliminary maps)
®* FEMA Letter of Map Change

Pierce County uses the best available data sources to determine a flood hazard area, including the
following:

® (ritical Area reports and maps

® Channel Migration Zone maps and studies

® Deep and/or Fast Flowing Water Floodway maps

® Historical flood hazard information (aerial photos and high-water marks)

® Superior mapping data including light detection and ranging (LiDAR) topography and stream
locations

® Site-specific flood studies

A floodway is an extremely hazardous area due to the depth and/or velocity of floodwaters and
has severe erosion potential. Washington Administrative Code (WAC) 173-158-070 prohibits the
construction of new residential structures or the substantial improvement of existing structures in
the floodway. In unincorporated Pierce County, any development encroachment, filling, clearing,
grading, new construction, and substantial improvement is prohibited within the floodway. There
are a few exceptions in specific circumstances, such as agricultural activities, structures that do
not require a building permit and repairs, reconstruction, replacement, and improvements to
existing structures that do not have any associated fill and are not substantial improvements (i.e.,
improvements values are less than 50 percent of the pre-work value calculated over a five-year
running period).
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The following areas are regulated by Pierce County as floodways:

FEMA Floodway: A FEMA Floodway is defined as the channel of the river or stream and any
adjacent land area that will allow floodwaters to pass without increasing the water surface
elevation by more than one foot. The state (WAC 173-158) does not allow residential structures
or development to occur within a regulated floodway. Additionally, because of the severity of
the danger during a flood, as homes become substantially damaged for any reason, they are
not allowed to redevelop.

Deep and/or Fast Flowing Water Floodway: As exemplified in Figure 5.2, deep and/or fast-
flowing (DFF) water floodway are areas where persons and/or property can be exposed to
great risks during the 1 percent annual chance flood. The DFF is defined as water moving at
least 3 feet per second or water at least 3feet in depth or a combination of the two, which is
plotted in Chapter 18E.120 of the Pierce County Code. The 1988 study on the Downstream
Hazard Classification Guidelines (U.S. Department of Interior, Bureau of Reclamations 1988) on
dam failures and downstream hazards calculated the depths and velocities that are dangerous
to structures and persons trying to walk through the flow. Pierce County selected the DFF
water floodway threshold at which it is a life safety threat to children and small adults. The

3 feet of depth and 3 feet of velocity are also referenced in WAC 173-158-76, which establishes
minimum criteria for rebuilding residences in a floodway. Pierce County has regulated the DFF
water floodway since joining the National Flood Insurance Program (NFIP) in 1987, and the
burden of providing the data is placed on the permit applicant. In 2006, Pierce County
commissioned the mapping of DFF water floodway using data from detailed flood studies
completed by FEMA and the county (2002-2006). The mapping of the DFF water floodway was
for 125 river miles on 19 rivers and streams.

Channel Migration Zone Floodway: A channel migration zone (CMZ) floodway occurs only in
the areas determined to be a severe channel migration zone risk. A severe channel migration
hazard is determined to be areas where erosion can occur in the near future and an area can
become part of the river channel. For this reason, severe channel migration areas are
regulated under Pierce County’s floodway codes. Unlike other types of floodways, the CMZ
floodway allows for homes that are beyond the reach of the deep and/or fast-flowing waters
or FEMA floodways. No new structures are allowed within a severe channel migration zone
once the channel migration zone study for a river reach has been adopted.

Flood hazard regulation programmatic recommendations are listed in Table 5.2.
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Figure 5.2. Impacts of Deep and Fast-Flowing Water

Table 5.2. Flood Hazard Regulation Programmatic Recommendations

Timeline Action Lead Department Partners

Update the PCC to include Planning and Public Works—  Other Planning and Public
additional design guidance SWM Works Departments; Tacoma
for coastal flood structures Pierce County Health
within the shoreline Department; Pierce
environment. Conservation District

[ 4

' L

Ya

Ongoing Near Term Mid Term Long Term

Development in the Floodplain

The standards contained in PCC Chapter 18E.70 (Flood Hazard Areas) provide criteria for regulated
activities within flood hazard areas. Regulations are intended to keep people from harm and allow
the community to quickly recover from flooding. Development in flood hazard areas is required to
be located above the Base Flood Elevation, which is the elevation (to the tenth of a foot) that has a
1 percent chance of flooding each year, or a 26 percent chance of flooding over 30 years. Due to
potential inaccuracies in floodplain mapping and the impacts that occur when fill is improperly
placed in the floodplain (shown in Figure 5.3), Pierce County requires a site-specific review—and at
times a floodplain boundary survey—when any regulated activity is proposed within 150 feet of a
mapped flood hazard area. This is intended to ensure that the proposed activity is out of the flood
hazard area.

When Pierce County concludes that a proposed project cannot be located outside of a flood
hazard area, a zero-rise analysis may be required to determine and ensure that no increase in the
base flood elevation or flow conveyance reduction will occur as a result of the development. When
development is permitted and designed to achieve the zero-rise standard, it must also meet the
following requirements:
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®* Compensatory Storage: New excavated storage volume shall be equivalent to the flood
storage capacity eliminated by filling or grading within the flood fringe; equivalent shall mean
that the storage removed shall be replaced by equal live storage volume between
corresponding one-foot contour intervals that are hydraulically connected to the floodplain
through their entire depth.

* Flow Conveyance: Post-development conveyance capacity shall be equivalent to existing
conveyance capacity.

® Erosion Protection: Development shall be protected from flow velocities greater than two feet
per second through the use of appropriate bank protection methods determined by an
engineering study.

®* Elevation: When avoidance is not possible, a structure must be elevated above the base flood
elevation. Different foundation construction types have different flood risk, so the point of
compliance elevation will vary.

® Critical Facilities should be located outside of the 500-year floodplain unless there is no
feasible alternative. If no feasible alternative exists, the facility must be elevated three feet
above the base flood elevation.

Figure 5.3. Improperly Placed Fill in the Floodplain

Base Flood Elevation
v

New Base Flood Elevation

Previous Base
Flood Elevation
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Development in Coastal Flooding Areas

Pierce County regulates development in coastal flood hazard areas. New development should be
located outside of these hazard areas whenever possible. Coastal flood hazard areas are the one
hazard that is regulated beyond the base flood elevation; this is an acknowledgement of the
greater risks that occur at the shoreline. Other development requirements include the following:

® Unobstructed pier or pile foundations are required on ground below the base flood elevation.
® Astructural engineer is required to certify the design, including a scour analysis.
® No construction is allowed beyond the reach of mean tide, approximately 9.5 feet NAVD (North

America Vertical Datum).

Development in the Groundwater Flooding Areas

Predicting when and where groundwater flooding will occur can be difficult. Groundwater flooding
areas have expanded as development has occurred and impacted subsurface conditions. More
studies are needed to better understand these impacts. Development in groundwater flooding
areas is regulated the same as other non-coastal flood hazard areas. In certain limited situations,
the requirement for compensatory storage may be waived.

Table 5.3 presents the county’s programmatic recommendations for development in floodplains.

Table 5.3. Development in the Floodplain Programmatic Recommendations

Timeline Action Lead Department Partners

Update DFF Floodway on new riverine studies Planning and Public ~ TBD
(for Nisqually River and Muck Creek). Works—SWM

Update coastal flood risk at the parcel scale Planning and Public U.S. Geological

ofe.le,

and for future conditions. Works—SWM Survey (USGS)
Review and update PCC 18E.70 to ensure Planning and Public Muckleshoot Tribe
coastal development is regulated in a similar ~ Works—SWM

manner as other flood hazards and seek to Puyallup Tribe

avoid development in coastal floodplain

when possible.
DO0@®

Ongoing Near Term Mid Term Long Term

Nisqually Tribe

Notes:
TBD = to be determined
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5.3 Management of Land Use

5.3.1 Consistent Floodplain Development Regulations

Having a set of consistent regulatory standards focused on avoidance of adverse impacts in the
floodplain creates a more equitable and resilient community. These standards often consist of the
following topics:

® Zerorise (no measurable rise in the base flood elevation)
® Channel migration

®* Deep and fast-flowing waters

®* Compensatory storage

® Best available data

® Development restrictions (no new subdivisions or lot creation within the floodplain)

Higher regulatory standards for development within the floodplain allows communities to
recognize the unique characteristics of floodplains and the inherent risks associated with them.
These standards meet or exceed the national standards and allow Pierce County to continue to be
in good standing in the NFIP.

Flood hazard development regulations are the basic regulatory tool to practice sound floodplain
management related to development. Currently, individual jurisdictions have different approaches
to regulating development in a floodplain. Having consistent regulations in floodplains across
jurisdictions results in less confusion and lower flood risk for all development in a floodplain. In
keeping with a principal goal of reducing risks in floodplains, communities within Pierce County
have agreed to establish a working group to discuss floodplain regulations. This group would work
toward establishing consistent floodplain regulations throughout the county. For more
information on this working group and other programmatic recommendations the cities within
Pierce County have developed, please see Appendix E.

Federal requirements are primarily found in 44 Code of Federal Regulations (CFR) 59, 60, and 65
and meet the Endangered Species Act (ESA) requirement as defined in the National Marine
Fisheries Service 2008 Biological Opinion. State floodplain management regulations are primarily
found in WAC 173.158, but there are other additional state rules that may affect development in
the floodplain, such as restricting expansion of an Urban Growth Area (UGA) into the floodplain
(Revised Code of Washington [RCW] 36.70A.110.8), Sediment Dredging (RCW 77.55.271), Shoreline
Management (WAC 173.18), and Clean Water Act through the National Pollutant Discharge and
Elimination System (NPDES) permit (phase | and phase II).

Table 5.4 presents the county’s programmatic recommendations for floodplain development
regulations.
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Table 5.4. Consistent Floodplain Development Regulations Programmatic Recommendations

Timeline Lead Department Partners
A regulatory working group should be Planning and Cities and Special
established to support development of more Public Works— Districts in Pierce
consistent regulations across jurisdictions and  SWM County

to meet the goals and objectives of this 2023
Flood Plan. The group should promote a
regional discussion about residual flood risks.

'1) O Pierce County will provide technical assistance  Planning and Pierce County
". to cities and towns within the 2023 Flood Plan ~ Public Works— cities
- planning area in support of aligning their flood SWM

hazard regulations with unincorporated Pierce

County critical area regulations for flood
hazard areas.

Develop a zoning map overlay that Pierce County Pierce County
consistently supports the goals of the 2023 Planning SWM, Cities and
Flood Plan. Special Districts
within the county
L o Cities and towns in the 2023 Flood Plan Planning and Cities and Special
l‘~ planning area should adopt policies and Public Works— Districts in Pierce
- regulations that are consistent with SWM County

unincorporated Pierce County critical area
regulations for flood hazard areas, including
regulating based on the best available data,
such as updated flood studies. Regulations
should address development in the floodway,
zero-rise, compensatory storage, and critical
facilities. Other important considerations
include locating development out of the
floodplain as feasible, elevating above the
base flood elevation, substantial damage
limits and improvement calculations, and non-
residential flood-proofing.

DO0®

Ongoing Near Term Mid Term Long Term
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5.4 Urban Growth

The floodplains of Pierce County’s major rivers have a high probability of flooding, which results in
risks to public safety and property damage. If currently zoned resource lands, public facilities, or
open space areas located in the 100-year floodplain are converted to more urban land uses, more
people and property associated with higher density land uses will be put at risk. This
recommendation proposes limitations on expansion of UGAs into river floodplains in the study
area of the 2013 Pierce County Rivers Flood Hazard Management Plan. The RCW 36.70A.110
established the threshold of 1,000 cubic feet per second (cfs) mean annual flow, and several rivers
and reaches in the plan are below this threshold.

Effective June 2010, Chapter 19A.30.010 (Comprehensive Plan - Urban Growth Areas) of the PCC
was amended to prohibit the expansion of the UGA into the 100-year floodplains of rivers or river
segments above 1,000 cfs of mean annual flow. In Pierce County (in accordance with the
Washington State Department of Ecology) this includes (1) the Puyallup River below the confluence
with the Carbon River, (2) the Nisqually River below the confluence with Mineral Creek, and (3) the
White River below the confluence with the Greenwater River. However, significant floodplains
included in this plan are not covered. The UGAs along the Carbon River, Greenwater River, Mashel
River, Nisqually River, South Prairie Creek, and the upper Puyallup River could be expanded, or
new urban growth areas could be created in the floodplain without this change.

5.4.1 Comprehensive Plan — Periodic Update

As part of the periodic review of the Pierce County Comprehensive Plan, the GMA requires that
the policies and regulations of the county are in alignment with the best available science for
frequently flooded areas and are in compliance with RCW 36.70A.110. Pierce County has hired a
team of experts to help determine the best available science for critical areas. Based on their
findings, the county will update the policies and rules as necessary. Table 5.5 presents the
programmatic recommendations for the comprehensive plan with regards to floodplain
management.

Table 5.5. Comprehensive Plan Programmatic Recommendations

Timeline Action Lead Department ETR

Update comprehensive plans, Long Range Planning Pierce County SWM
policies and PCC to require the use of
best available science in floodplain

management.
oleJelo

Ongoing Near Term Mid Term Long Term
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5.5 Flood Information/Mapping/Technical Assistance

5.5.1 Reduce Impacts from Flooding

Riverine Flooding

River flooding happens when rivers are filled above their capacity from excessive rainfall and
snowmelt, which causes rivers to overflow their banks. River flooding is exacerbated by sediment
and debris loads transported down the river. Higher flows typically result in more sediment and
debris being moved through the river system. When transported and deposited, sediment and
debris reduce the carrying capacity of a river channel, thus resulting in an increased risk of
flooding, which is a natural phenomenon. However, flood damage is a result of structures built in
the floodplain.

In the early 2000s, Pierce County worked with FEMA as a Cooperating Technical Partner to update
the 1980s FEMA Flood Insurance Study. This work only covered the major rivers and streams in
the UGA, and a large percentage of county rivers and creeks were not studied. Because there have
been significant changes in river and creek flows, another update is needed. With more
comprehensive topography data based on LiDAR studies since then, it is evident that the flood
hazards drawn in the rural areas with 5-foot contours do not accurately reflect flood risk at the
parcel level. These areas should be redrawn and updated on the FIRM. In 2019, FEMA completed a
levee analysis and mapping approach (LAMP) report of the Puyallup River near Orting. This study
should be shown on the FIRM and the companion LAMP for the Carbon River near Orting should
be completed and mapped. The DFF Floodway is based on the 2002-2006 flood mapping and
2004 LiDAR; because these source data sets are updated, the DFF Floodway should also be
updated. Table 5.6 presents the county’s programmatic recommendations for riverine flooding.
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Table 5.6. Riverine Flooding Programmatic Recommendations

Timeline Action Lead Department Partners
Remodel and remap the floodplain to be Planning and Public FEMA
used as best available science. Works—SWM
Update the DFF water floodway mapping to Planning and Public TBD
be used as best available science. Works—SWM
Rectify the flood maps to reflect current Planning and Public TBD
topography of the floodplain to more Works—SWM
accurately reflect the actual flood hazards.
Map new streams/creeks that were not Planning and Public TBD
mapped before, e.g., Lacamas, Horn, Works—SWM

Brighton, and Voight.

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
TBD =to be determined

Urban Flooding

Urban flooding happens when intense rainfall overwhelms the capacity of streams and
stormwater systems ability to accommodate the stormwater. Street intersections, low-lying bowl-
shaped areas, and lands adjacent to natural wetlands and streams are the most likely areas to be
inundated by urban flood waters.

Localized urban flooding does not typically result in widespread structural damages but does
result in a disruption of peoples’ daily activities, transportation, and commerce. Urban flooding
can also result in measurable environmental degradation of water quality and natural systems
that support fish and wildlife. Large-scale urbanized flooding risk is highest within the valley
floodplain, associated with the Puyallup River system and Nisqually River system.

Efforts to manage urban flooding in Pierce County has evolved with urbanization, mostly over the
last 50+ years. Most of what was once a rural undeveloped landscape of forests and farmlands,
served by localized rural roadways, has been consumed by urban and suburban-level
development with limited stormwater controls to manage the rain runoff. Infrastructure systems
within Pierce County are typically designed to carry water for a 25-year event. As hydrology
changes and more data are collected, the understanding of what the magnitude of a 25-year event
is will also change. In the future, existing infrastructure may not be adequate.

@ Pierce County
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Today, urban infill development is challenged with a patchwork of stormwater control systems
and reduced natural areas to contain the stormwater, resulting in urban flooding impacts to
roadways, homes, and fish habitat. Table 5.7 lists the programmatic recommendations to address
urban flooding in Pierce County.

Table 5.7. Urban Flooding Programmatic Recommendations

Timeline Action Lead Department Partners
Develop urban flood hazard Planning and Public Cities in Pierce County;
working group with the cities to Works—SWM Pierce County
solve urban flooding throughout Department of
Pierce County. Emergency

Management
Reassess regional county ponds -  Planning and Public Pierce County
current and future capacity and Works—SWM Engineering Services
treatment.
Develop resident assistance Planning and Public Pierce County Human
program for private drainage and ~ Works—SWM Services
flooding issues. and Maintenance and
Operations
L Expand network analysis program  Planning and Public Cities in Pierce County
. to the remainder of the Water Works—SWM
n

Resource Inventory Areas 10/12.

- Dooe

Ongoing Near Term Mid Term Long Term
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Coastal Flooding

Coastal flooding is defined as damaging impacts associated with marine waters. In Pierce County,
this means Puget Sound shorelines. Coastal floods are caused by extreme sea levels, which arise
as combinations of four main factors: waves, King Tides, storm surges, and relative mean sea
level. Each of these four components of sea level exhibits considerable natural variability, which
influences the frequency of flooding on inter-annual and multi-decadal time scales and makes
isolating changes due to climate change difficult.

Pierce County has 223 miles of marine shoreline. The effects of coastal flooding can occur during
high tide events and storm events. High tide events are predictable and occur over a three to five
day period, usually twice a year. Each event can last from two to four hours. However, sea level
rise predictions indicate that these events are expected to become more severe over time. Tidal
events can aggravate stream, river, and upland flooding by backing up water into those channels
and into nearshore drainage pipes and infrastructure. Likewise, wind events can increase the
impacts from wave action and exacerbate damage from high tide events, which is often referred
to as “storm surge.”

There are several features of coastal flooding that differ from riverine flooding. Development
along coastlines is often concentrated. Development types include parcels that are small in size
and of relatively high monetary value, as well as large regionally significant and water-dependent
industrial uses such as the Port of Tacoma. Shoreline flood control structures need to be designed
for both drainage and backwater effects. They also need to tolerate saltwater and wave action.
Another feature of coastal areas is the potential for slope failures. High tides and storm surge can
weaken the toes of slopes, while stormwater infiltration, on-site sewage systems, and irrigation
systems can destabilize slopes from above. Poorly designed and maintained stormwater
conveyance systems can cause slopes to incise or scour at their outlets. Additionally, buildings
were historically constructed close the shoreline and vegetation removed to provide for views.
These practices allowed for little flexibility in accommodating natural processes and little room for
engineered solutions, and projects costs were and remain typically higher than in other locations.
For these reasons, coastal flooding requires different approaches than other types of flooding.

Table 5.8 presents programmatic recommendations to address coastal flooding in Pierce County.
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Table 5.8. Coastal Flooding Programmatic Recommendations
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Timeline Action Lead Department Partners
Conduct a Sea Level Rise Risk Assessment Planning and Public TBD
for coastal areas. Works
Prepare and publicize maps showing Planning and Public USGS
predicted coastal flood hazard areas. Works—SWM
For coastal properties that are prone to Planning and Public TBD
unsafe conditions due to flooding or slope ~ Works—SWM
failure, expand existing funding sources to
either acquire, elevate, or flood-proof flood
prone properties.
Map, monitor, and analyze coastal flood Planning and Public TBD
events. Works—SWM
Survey coastal property owners about Planning and Public TBD
preferred level of service/information Works—SWM
gathering.
O Establish coastal hazard working group to Planning and Public Cities, Special

continue solving coastal flooding issues as
they relate to zoning and land use.
e Develop a Coastal Flooding Response
Plan.
e Develop coastal structure elevation
initiative.
e Develop a retrofit plan for public
infrastructure in coastal flood hazard
areas.

Works—SWM,
Planning and Public
Works

Districts, Puyallup
Tribe, Muckleshoot
Tribe, Nisqually Tribe,
Squaxin Island Tribe

©

Educate and provide technical assistance to

nearshore property owners, builders,
landscapers, and real estate professionals
on vegetation management, erosion

control, slope stabilization, ESA compliance,

septic systems, and stormwater
management.

Planning and Public
Works division

Tacoma Pierce
County Health
Department; Pierce
Conservation District

DO0W®

Ongoing Near Term

Mid Term

Long Term

Notes:

TBD = to be determined
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A
)\
Groundwater Flooding
Groundwater flooding occurs when the soil's inability to accept rainfall causes the water table to
rise and persist above the ground surface. Groundwater flood risk management poses a unique
set of technical and environmental problems that differentiate it from other types of flooding (e.g.,
riverine and coastal). Groundwater flooding does not typically occur after short, intense storms,
which sometimes causes flooding in smaller streams and rivers. Instead, it is often the
accumulation of continuous rainfall over a period of weeks or months that determines the severity
and duration of groundwater flooding when it occurs. This condition can create a significant
hazard for many communities and neighborhoods, and its increased frequency in recent years
has increased the county's commitment to reducing its impacts through better planning and an
enhanced ability to forecast this condition before it occurs.

Groundwater flooding in Pierce County can be thought of as the surface-breaching manifestation
of a shallow aquifer toward the end of a wetter than normal winter. There are significant areas in
Pierce County that are impacted by this seasonal phenomenon; these areas are often dominated
by glacial outwash soils, which are very porous and have a high capacity to infiltrate water. These
types of soils occur around Graham, Frederickson, and throughout significant parts of the Clover
Creek watershed.

Some depressional areas and potholes flood on an annual basis due to normal winter rainfall and

the shallow, subsurface perching of a seasonally high groundwater

table. During prolonged rainfall, the underlying soils are often unable Pothole

to drain quickly enough to prevent the aboveground flooding of low- In this context, a

lying topographic areas. The magnitude and duration of this type of pothole is a sizable
flooding can last several weeks before the water table finally drains and | rounded, often water-
retreats below the ground surface. The best management options filled depression in land.

under these circumstances are to avoid and minimize to the greatest
extent possible because typical flood control remedies offer little relief. Groundwater flooding can
create major impacts on the transportation corridors that experience this condition for an
extended period of time. This type of flooding also creates a nuisance in subsurface structures
such as basements and the surrounding foundations of houses or buildings.

Table 5.9 presents programmatic recommendations to address groundwater flooding.
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Table 5.9. Groundwater Flooding Programmatic Recommendations

Timeline

O

Canld

Action

Conduct a groundwater study to
map, monitor, and analyze
groundwater flood locations, soil
capacity, and historical groundwater
flood events.

Lead Department

Planning and Public
Works—SWM

Partners

City of Lakewood, and
Joint Base Lewis
McChord; Tacoma Pierce
County Health
Department

Continue education and outreach
efforts that specifically target
groundwater issues.

Planning and Public
Works—SWM

USGS, Pierce County
Communications

Develop guidance for groundwater
flood locations for future
development building.

Planning and Public
Works—SWM

Pierce Conservation
District, USGS, Natural
Resources Conservation
Service, Port of Tacoma,
Pierce County Land Use
and Environmental
Review

Create an early warning sentinel well
program to alert public to potential
groundwater flooding.

Planning and Public
Works—SWM

USGS, Pierce County
cities and towns, Pierce
County Department of
Emergency Management,
Water Purveyors, Port of
Tacoma, Joint Base Lewis
McChord

Expand the existing Surface Water
Management acquisition program to
include structures impacted by
groundwater flooding.

Planning and Public
Works—SWM

TBD

Revisit groundwater flooding model.

Planning and Public
Works—SWM

USGS, Cities and Towns,
Pierce County
Department of
Emergency Management,
Water Purveyors, Port of
Tacoma, Joint Base Lewis
McChord

@ Qo @ OO0

Establish groundwater working
group to continue understanding of
groundwater flooding issues.

Planning and Public
Works—SWM

Department of Ecology,
Thurston County, City of
Lakewood, USGS

DO0®

Ongoing Near Term

Mid Term

Long Term

Notes:

TBD = to be determined
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5.5.2 Mapping

Floodplain and Hazard Mapping

Flood hazard studies and associated mapping provide critical baseline information for flood
hazard management and flood risk reduction planning in Pierce County. Modeling of watershed
hydrology and river channel hydraulics are essential first steps in characterizing river channel
conditions, delineating flood hazard areas, and developing floodplain maps. This information is
then used to develop floodplain management tools to manage flood risk. The tools may be used
to inform land use decisions, create regulations to guide existing and proposed floodplain
development, and to evaluate and design flood hazard management projects.

Knowledge of flood hazard and channel migration risks is critical for landowners and property
developers to make informed decisions about new construction or re-construction. In addition,
local jurisdictions and other agencies with infrastructure need better information to make
informed decisions. Therefore, the need to maintain and manage current technical data is an
important factor in managing risks associated with county floodplains.

Pierce County obtained current flood hazard maps in the early 2000s, but much of the county has
not been studied or updated since the 1970s. As urban development has increased, mapping will
need to be continually reassessed and updated.

Table 5.10 presents programmatic recommendations for floodplain and hazard mapping.

Table 5.10. Floodplain and Hazard Mapping Programmatic Recommendations

Timeline Action Lead Department Partners

FEMA and Pierce County should update flood FEMA Pierce County SWM
studies and floodplain maps for the lower
and upper White and Greenwater Rivers.

Greenwater River to include DFF mapping.

When Pierce County updates this Planning and Public ~ FEMA
Comprehensive Flood Hazard Management Works—SWM

Plan, the floodplain mapping should be

evaluated and updated as needed.

DO0W®

Ongoing Near Term Mid Term Long Term

o Conduct a detailed flood study on the FEMA Pierce County SWM
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Channel Migration Zone Mapping

Channel migration zone studies and maps provide critical baseline information necessary to
understand the effects of potential river migration on hazards in river valleys and their associated
floodplains. While most of the major rivers in Pierce County are confined by levees and
revetments, there are many river reaches that are still subject to potential channel migration.
Levees or revetments on major rivers continue to be damaged by erosion associated with channel
migration. Because of the risks to public safety and the high cost associated with construction and
maintenance of flood risk reduction facilities, the county’s approach in severe channel migration
hazard areas is to restrict development. Channel migration hazard mapping and the adoption of
land use regulations to prevent development in these areas aids in the reduction of risks
associated with migrating river channels and can lead to improved environmental health.

Channel Migration Zones

Channel migration zones are areas in a floodplain where a stream or river channel can be
expected to move naturally over time in response to gravity and topography. In addition, geology
can affect how susceptible the floodplain is to erosion. Rivers in Pierce County are geologically
young, carry a high sediment load, and have short and steep courses. These factors increase the
potential erosion that leads to the river changing location. Channel migration is not necessarily
tied to a flood event. While high flows have a greater risk of avulsion (the sudden separation of
land from one property and its attachment to another, especially by flooding or a change in the
course of a river) with the added stream power, erosion occurs every day.

Pierce County has used many methods to mitigate for channel migration risks over the last

100 years. Early in the twentieth century, the county actively removed wood and sediment from
the floodplain with the hope that the river would flow in an orderly manner. The removal actions
were supported with low levees and wood fencing built to encourage the river to a designated
flow path but not to contain a large flood. The actions by the county tend to encourage greater
development behind these new structures, where people had a perceived level of protection that
exceeded the design. Flood insurance is an economic mitigation tool to help recover after damage
occurs. Channel migration-incurred damages are not always covered by flood insurance because
erosion can occur without the river overflowing its channel. Since the 1990 Flood Plan, the
county’s preferred mitigation strategy has been non-structural solutions.

Channel Migration Zone Studies in Pierce County

To address concerns about channel migration, geomorphic evaluations, and channel migration
zone analyses, and CMZ mapping has been carried out on all six of the major riverine systems
with upland risk. The Mashel River is primarily in a canyon in the unincorporated part of the
county, so the erosion hazard has not been mapped. Mapped reach areas are as follows:

® Puyallup River from river mile (RM) 10.0 to RM 28.8

®*  White River from RM 0.0 to RM 5.5 and RM 46 to RM 52

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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® (Carbon River from RM 0.0 to RM 8.3
® South Prairie Creek from RM 0.0 to RM 5.8
® Upper Nisqually River from about RM 50.5 to RM 68.6

® Greenwater River from RM 0.0 to RM 2.4

The CMZ reports have identified severe, moderate, and low channel migration potential . The
approach to identifying the channel migration zone potential areas (severe, moderate, and low)
involve four major elements: (1) data collection and review, (2) geographic information system
(GIS) data preparation, (3) geomorphic evaluation, and (4) migration potential delineation. In
preparing these studies and maps, Pierce County used information on historical channel locations
(primarily aerial photography), geology, basin hydrology, current channel conditions, sediment
transport, composition of bank and bed material, potential avulsion sites, and channel migration
rates to characterize the channel migration zones.

The CMZ maps for the Puyallup, White, and Carbon Rivers were completed and accepted in 2003
and adopted by the Pierce County Council in 2005. The CMZ maps in South Prairie Creek and
upper Nisqually River were completed and accepted in 2005 and 2007 and adopted in 2017. The
upper White and Greenwater Rivers were completed and accepted in 2019-2020 and adopted in
2021. For additional information on these CMZ studies, which are listed in Table 5.11, please refer
to the Pierce County Channel Migration Zone (CMZ) website. The programmatic recommendations
for CMZs in the county are provided in.

Table 5.11. Channel Migration Zone Studies

Study — Reach Completed Adopted Reference Documents
Puyallup-Carbon-Lower White 2003 2005 Puyallup-Carbon-Lower White
South Prairie Creek 2005 2017 South Prairie Creek
Upper Nisqually 2007 2017 Upper Nisqually
Greenwater 2019 2021 Greenwater River
Upper White 2020 2021 River Channel Migration Zone
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Table 5.12. Channel Migration Zone Programmatic Recommendations

Timeline

O

Action

Pierce County should pursue a
mechanism for notifying existing and
potential future property owners
about channel migration hazards.

Lead Department

Planning and Public
Works—SWM

Partners
TBD

O

Develop a policy for accepting
levees/revetments constructed by
others and proposed work on flood
risk reduction facilities.

Planning and Public
Works—SWM

Pierce County Office of
the County Engineer,
Pierce County
Maintenance and
Operations, U.S. Army
Corps of Engineers,
Muckleshoot Tribe and
the Puyallup Tribe of
Indians

Pierce County should develop river Planning and Public TBD
reach-specific design standards and ~ Works—SWM,

evaluate existing levees and Maintenance and

revetments to assess the level of Operations

resistance the facility provides

against rivers processes.

CMZ mapping should be revised on a Planning and Public TBD

20-year timeframe to reflect
significant changes in risks as they
are identified. Changes in risk could
include decreased risk based on an
evaluation of a levee or revetment
that limits channel migration or an
increased risk based on new
geomorphic or geological
information that was not known at
the time of the original study.

Works—SWM

DO0W®

Ongoing

Near Term

Mid Term Long Term

Notes:

TBD = to be determined
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Current and Recent Mapping Efforts

The FEMA remapping of the Nisqually River watershed is anticipated to

be completed prior to the adoption of this 2023 Flood Plan. The
lower/mid Nisqually is being modeled to allow for mapping as a
Zone AE with a FEMA defined floodway. The upper Nisqually watershed | AEzones are areas
is being mapped with base engineering methods that will show the
area as a Zone A with no base flood elevation (BFE)s listed, but there
will be a work map that shows an approximate BFE that will be used to
draw the flood zone boundary and can be used to meet regulatory

Zone AE

inundated by the

1 percent annual chance
flood, including areas
with the 2 \ percent
wave runup, elevation

needs. The area from Kernahan Bridge to Mount Rainier National Park less than 3 feet above
is not being restudied and will remain an unstudied Zone A. The the ground, and areas
Nisqually River FEMA mapping is expected to be effective in early 2023. | with wave heights less
FEMA is also updating Muck and South Creek with detailed and base than 3 feet.
engineering studies; that map revision should be effective in late 2023

orin 2024.

The new Nisqually River flood study by FEMA is showing the 1996 flood

of record to be less than the 1 percent-annual-chance flood. The model
does not show the Tacoma Public Utilities (TPU)-owned dams as flood
control facilities. This assumption is confirmed by the response in 1996
and the recently updated Federal Energy Regulatory Commission
license. The 1 percent annual chance flood discharge at the McKenna
river gauge is now set at 52,000 cfs, whereas the 1996 flood was 100-year flood.
estimated to be 50,000 cfs.

Zone A

Zone A areas have a

1 percent annual chance
of flooding; such a flood
is also called the

Table 5.13 presents the programmatic recommendations for FEMA mapping for Pierce County

river basins.

Table 5.13. FEMA Mapping Programmatic Recommendations

Timeline

Action Lead Department Partners

FEMA and Pierce County should update FEMA Pierce County SWM
flood studies and floodplain maps for the
Nisqually River.

O
@

Develop grant applications for the Planning and Public FEMA
Cooperating Technical Partners grant for Works—SWM

technical studies to convert unstudied flood

hazard areas to Special Flood Hazard Areas.

DO0®

Ongoing Near Term Mid Term Long Term
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Levee Analysis and Mapping Procedures

Levee Analysis and Mapping Procedures (LAMP) for Non-Accredited Levee Systems is FEMA's
analysis and mapping procedures for showing risk behind non-accredited levees FIRMs. The areas
behind levees that meet 44 CFR 65.10 are mapped as having a lower risk of flooding. In locations
where a levee has little or no impact in a large flood, the area is mapped as if the levee is not
there. Along the lower Puyallup River where there are significant levees, neither of these mapping
options tell a complete story of risk. With LAMP, FEMA and the
communities can assess the optimal risk analysis for an individual Freeboard

levee. There are five main approaches: Freeboard is the added

capacity above the
design flood to account
* Sound reach for dynamic variables

* Freeboard deficient and uncertainties.
Freeboard is typically

reported as additional
® Structural-based inundation elevation above

® Natural valley

® Overtopping

expected water surface
elevation.

All areas that were “secluded” in the 2017 issue of the FIRMs will need
their own individual LAMP process. At the time this 2023 Flood Plan
was prepared, only the Orting reach of the Puyallup River had been
studied. The Orting reach of the Carbon River is the next planned mapping effort and upon
completion, the FIRMs will be updated. There are currently no plans to restudy the lower Puyallup
River levees. For additional information on the FEMA LAMP process, visit the FEMA Local Level
Partnership Team website.https://www.starr-
team.com/starr/RegionalWorkspaces/RegionX/Documents/archive/LAMP Final Approach
Document/FactSheet LLPT.PDF

Table 5.14 shows the programmatic recommendation for related to the LAMP process.

Table 5.14. LAMP Programmatic Recommendations

Timeline Action Lead Department Partners
Complete the LAMP process with FEMA for the ~ FEMA Pierce County,
‘ Puyallup and Carbon Rivers. City of Orting

DO0®

Ongoing Near Term Mid Term Long Term

5.5.3 Technical Assistance

Knowledge of flood hazard and channel migration risks is critical for landowners and property
developers to make informed decisions about new construction. In addition, local jurisdictions
and other agencies with infrastructure need better information to make informed decisions.
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Without technical assistance, there is a higher risk of decisions being made without updated or
complete information.

Floodplain Technical Assistance and Consultation

Pierce County SWM can help public and private entities make informed land use decisions to
reduce flood- and channel migration zone-related risks with a range of technical assistance and
consultation. This includes sharing expertise in hazard identification techniques; interpreting flood
hazard data, maps, and regulations; and by reviewing and coordinating planning and design
efforts that are adversely affected by flood hazard areas.

Pierce County has worked closely with FEMA, the United States Geological Survey (USGS), and
consultants to expand the coverage and improve the accuracy of flood- and CMZ-related studies
and maps that delineate flood hazards and CMZs along the major rivers in Pierce County. Sharing
this knowledge with other jurisdictions in Pierce County, agencies, Tribes, and private individuals
can reduce the public cost of flooding and CMZ impacts and improve the consistency in the
management of flood hazards. Completed and published flood and CMZ studies and maps are
located at Pierce County SWM and on the Pierce County Surface Water Management website.

Review and Coordination in Flood Hazard Areas and Multiple Beneficial Uses

Functioning river and floodplain systems provide vital ecosystem services and values to society,
including but not limited to recreational opportunities, clean water, wildlife habitat, scenic values,
and clean air. Portions of Pierce County's rivers and floodplains also support a variety of land uses
and human activities with varying degrees of compatibility and associated risks. For example,
roads and bridges are often unavoidably located within flood hazard areas. Residential,
commercial, and industrial developments historically occurred in flood hazard areas, particularly
in the lower Puyallup River, lower White River, and Orting areas. Agricultural uses, open space, and
trail corridors are also common in floodplain valleys and along rivers. In the absence of human
activities and land uses, rivers and floodplains support habitat-forming processes for aquatic and
terrestrial fish and wildlife, some of which are protected by state and federal endangered species
legal mandates.

To minimize impacts from human activities and land uses to the natural functions of rivers and
floodplains, it is often desirable to consult with local officials to coordinate in decisions related to
zoning and planning. This ensures that public safety is achieved and beneficial public uses and
values are preserved to the greatest extent possible for current and future generations.

Roads, Bridges and Railways

Many state highways and some arterials cross or parallel rivers in floodplain valleys. Sometimes
roads and railways are built atop river levees, such as along River Road and North Levee Road
adjacent to the lower Puyallup River. In other cases, roads parallel the rivers, such as Orville Road
along the upper Puyallup River. When the roads are built too close to the rivers, the natural
process of bank erosion and channel migration can threaten or undermine the road, thus
requiring extensive armoring of the stream banks and ongoing maintenance. Where feasible,
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consideration should be given to setting back the levee or revetment, and in some instances align
the road itself, to achieve more conveyance capacity, extend project design life, and improve
aquatic and riparian habitat.

Pierce County can provide technical assistance during design for flood conveyance, changes in
channel conditions, and bridge clearance requirements. Those who design new or replacement
roads, railways and bridges should consider these conditions and look for opportunities to
minimize future flooding and channel migration concerns by designing the facilities to
accommodate riverine processes. Design of road, railway and bridge projects should be reviewed
with these considerations in mind.

Residential, Commercial, and Industrial Development

The construction of residential, commercial, and industrial structures in a floodplain puts people
and properties at risk during flood events. Many such structures already exist, and new
development may occur in floodplains and floodways if allowed by local governments. It is
important that new or improved structures be designed to minimize flood risk while protecting
other uses of the floodplain. Pierce County provides technical assistance to private property
owners which can include review of new development proposals, provision of information about
specific flood hazards on private parcels, and guidance or review of private bank stabilization
projects.

Programmatic recommendations for technical assistance for reducing flood risks and hazards in
Pierce County are presented in Table 5.15.

Table 5.15. Technical Assistance Programmatic Recommendations

Lead
Timeline Action Department Partners
K Pierce County SWM should continue a high Planning and Pierce County
. L level of technical training for staff to remain Public Works— Development
e subject matter experts and a regional resource  SWM Engineering
for local communities in flooding and channel Land Use
migration issues. Environmental Review
Building Department
K Pierce County SWM will continue to provide Planning and N/A
LN L information and technical assistance to help Public Works—
e public and private entities, and local SWM
jurisdictions make project and land use
decisions that minimize flood-related risks.
K Pierce County SWM will continue to work with Land Use Pierce County SWM
l‘.L those involved in the use and management of Environmental

agricultural, recreational, and open space lands  Review
in floodplains and river corridors to ensure that

land uses remain compatible with the natural

storage and conveyance of flood waters.
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Lead

Timeline Action Department Partners

Bridges should be designed with consideration  Planning and Office of the County of

I: L of scour and freeboard above the base flood Public Works— Engineer
e event. The most current and/or best available SWM

data needs to be used including assessments of
future peak discharge flows and backwater
effects.
Create a coordination working group within Planning and Pierce County Office

O Planning and Public Works to discuss capital Public Works—  of the County
planning projects to better meet the priorities SWM Engineer, Pierce
of the communities. County Sewers

';L) O Pierce County Surface Water Management will Planning and Pierce County
". continue to conduct development review for Public Works— Development

- projects within the floodplain to ensure SWM Engineering
compliance with the NFIP and continued Land Use
resiliency of our community. Environmental Review

Building Department

A cost benefit analysis (CBA) should be Pierce Pierce County SWM
conducted for existing roads and bridges with County -
high associated flood and erosion protection Office of
costs to determine if other options, including County
but not limited to, relocation, vacating, or Engineer

different bridge designs might be a more cost
effective and suitable long-term solution. These
options could be deemed impracticable due to
engineering standards, right-of-way limitations,
environmental impacts and/or level of service.
If CBA is utilized, considerations should include,
but not be limited to, right-of-way acquisition,
construction costs, long-term maintenance
costs, mitigation costs and habitat benefits,
permitting, interruptions of service levels, flood
events, planning and acquisition of travel
corridors, and transportation needs.

DO

Ongoing Near Term Mid Term Long Term

5.6 Flood Insurance

5.6.1 Flood Insurance and the Community Rating System

Standard homeowners or business insurance does not cover flooding. High risk areas for flooding,
mapped as the 100-year floodplain, have a one percent annual chance of flooding, equating to a
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26 percent chance of flooding over the life of a 30-year mortgage. Other areas may flood more
frequently, leading to an even higher risk.

The cost of federal flood insurance and the lack of knowledge about the NFIP may limit some
homeowners from purchasing flood insurance. The NFIP's Community Rating System (CRS)
program is a voluntary incentive program that recognizes and encourages community floodplain
management activities that exceed the minimum NFIP requirements. As a result, flood insurance
premium rates are discounted to reflect the reduced flood risk resulting from community actions
and activities that are performed each year.

Flood Insurance Utilization

Flood insurance as a means to provide site-specific property protection for at-risk properties is
underused within Pierce County. Less than 10 percent of the properties within a FEMA-designated
floodplain have a flood insurance policy. This is well below the national average. The lack of public
knowledge about flood hazards may result in a lack of understanding of the magnitude of flood
risks that an individual property owner faces, thereby limiting participation in the flood insurance
program. Greater promotion of the flood insurance program, education about flood risks, and
awareness about the flood insurance discounts available in some communities should increase
participation. Only three communities in Pierce County (unincorporated Pierce County, the City of
Fife, and the City of Orting) participate in the CRS program, which leads to lower flood insurance
rates in those communities.

In recent years, there has been an increase in the purchase of flood insurance in mapped 100-year
floodplain areas. All homeowners in these areas with mortgages from federally regulated or
insured lenders are now required to buy flood insurance. However, this only applies to approved
and adopted FEMA maps, which are now over 20 years old (mostly dating to 1987). When the new
FEMA maps are approved, substantially more residential and commercial structures will require
flood insurance.

FEMA’s New Flood Insurance Pricing Methodology

FEMA is updating the NFIP risk rating methodology through the implementation of a new pricing
methodology called Risk Rating 2.0 (see https://www.fema.gov/flood-insurance/risk-rating). The
methodology leverages industry best practices and cutting-edge technology to enable FEMA to
deliver rates that are actuarially sound, equitable, easier to understand, and better reflect the
overall flood risk. With Risk Rating 2.0, FEMA now has the capability and tools to address rating
disparities by incorporating more flood risk variables. These include flood frequency, multiple
flood types—river overflow, storm surge, coastal erosion, and heavy rainfall—and distance to a
water source along with property characteristics such as elevation and the cost to rebuild.
Currently, policyholders with lower-valued homes are paying more than their share of the risk,
while policyholders with higher-valued homes are paying less than their share of the risk. Because
Risk Rating 2.0 considers rebuilding costs, FEMA can equitably distribute premiums across all
policyholders based on home value and a property's unique flood risk. With the new flood
insurance pricing structure, every flood insurance policy gets the full CRS discount, whereas
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before only policies within the Special Flood Hazard Area received the discount. Pierce County
currently is a Class 2 community that receives a 40 percent discount on flood insurance.

Programmatic recommendations related to flood insurance are provided in Table 5.16.

Table 5.16. Flood Insurance Programmatic Recommendations

Timeline Action Lead Department Partners
L Pierce County should participate and  Planning and Public N/A
. maintain good standing in the NFIP to  Works—SWM
“a

ensure the availability of subsidized
flood insurance in their communities.

L Pierce County residents and Planning and Public N/A
% businesses located in the mapped Works—SWM
b 100-year floodplain should be

encouraged to purchase flood
insurance through the NFIP.

'1) O Pierce County will continue to Planning and Public N/A
". participate in the NFIP's CRS Program  Works—SWM
- and will strive to continue to be a

Class 2 community.

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
N/A = not applicable

5.7 Home Buyouts and Property Acquisition

Property acquisition is typically required for capital improvement projects. It is also a risk
reduction strategy in its own right. Pierce County’s property acquisitions must follow

WAC 468-100-101, RCW 8.26.010, and the federal Uniform Relocation Act. These regulations
provide minimum standards for projects or assistance programs that require the acquisition of
real property or the displacement of persons from their homes, business, or farms. This requires
that persons that are displaced are relocated to a dwelling that is decent, safe, and sanitary. It also
provides for moving expenses and up to 42 months of rent differential. Properties are acquired
for several reasons, listed below:

®* Property acquisitions in support of an active project: Properties located within a project
area are identified and purchased on a willing seller basis first. Funding for these projects is
provided through state and federal grants, local fund sources such as the flood control zone
district, and county funds.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

5.13
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 131 of 8




Chapter 5: Programmatic Recommendations

* Property acquisitions for future projects: SWM has a limited budget item for opportunity
acquisitions, which allows for the acquisition of properties that are within a future project area.
Properties are identified through sales listings or by homeowners reaching out to the county.
Currently, the fund balance can only accommodate one to two acquisitions per year.

* Property acquisitions for flood damaged structures: Following a flood or other natural
disaster, the federal government makes funding available to communities to apply for help to
buy homes that have experienced repetitive damages and loss. These funds are provided
through a competitive grant process and are on a willing seller basis only.

Pierce County has acquired many repetitive flood loss properties and other flood-prone homes
using federal funds, state grants, and local funds as a risk reduction strategy to

eliminate repetitive flood damages and to help preserve and restore floodplain areas. Pierce
County maintains a list of interested property owners who have expressed interest in selling their
property. The interested property owners list is scored, ranked, and prioritized for consideration of
potential acquisitions as funding becomes available. Acquisition status of properties on the list of
consideration often change, resulting in changes to the priority of any given property.

Acquisition of homes and properties are based on fair market value appraisals prepared by a
qualified independent Members Appraisal Institute consulting appraiser. Following acquisition,
structures, all utilities, and accessories on site are typically demolished to restore or improve the
floodplain’s storage/conveyance capacity. When possible, components of acquired structures can
be salvaged to provide opportunities for re-use by non-profit community groups interested
housing programs.

Especially when acquiring homes that are in the lower side of local housing costs, it can be
challenging to find safe, affordable housing within the county where low-income residents can be
relocated. Removal of existing affordable housing exacerbates the current affordable housing
shortage. Pierce County should develop an affordable housing strategy that accounts for its role in
decreasing the availability of affordable housing, even while reducing flood risks to ensure that
relocated residents are moved to a safer location where they can afford to continue to live.

Acquisition of undeveloped land in flood hazard areas is another tool that may be used to prevent
property development and preserve natural resource values. While floodplain regulations limit
and restrict development in flood hazard areas, they often fall short of preventing development
from occurring. Property owners seeking to build on their floodplain-encumbered property often
consume a significant amount of staff time trying to determine how their building plans and
objectives can be accommodated in or near the flood hazard areas. New development in flood
hazard areas, while significantly regulated and restricted, may still have costly consequences in
terms of public safety and property damage if flood conditions change or new mapping indicates
the floodway or flood hazard areas have changed.

Programmatic recommendations for home buyout and property acquisition in Pierce County are
presented in Table 5.17.
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Timeline

L

n

O

Chapter 5: Programmatic Recommendations

Action

Pierce County should identify properties
that are potential candidates for home
buyouts or property acquisition based on
flood risk reduction measures and
projects.

Pierce County should continue to update
this list of properties after significant
flood or channel migration events occur.

Lead Department

Planning and Public
Works—SWM

Partners
Office of the
County Engineer;
Pierce County Parks

Clal

4

Pierce County and other local
governments should continue to seek
federal and state grants to assist property
owners in flood-prone and repetitive loss
areas and to enable buyouts or
acquisitions.

Planning and Public
Works—SWM

Local governments
in Pierce County

Caab )
'—

4

Pierce County should annually budget
local funding for immediate floodplain
acquisition where properties are put on
the market and grants are not likely to be
timely.

Planning and Public
Works—SWM

Conservation
Organizations

Pierce County should conduct outreach to
property owners to inform them about
flood risks and potential for buyouts to
assess possible interest.

Planning and Public
Works—SWM

N/A

Pierce County should develop an
affordable housing strategy for displaced
residents due to acquisitions of homes in
the floodway

Planning and Public

Works—SWM, Planning

and Land Services,
Human Services,
Communications

Cities; Puget Sound
Regional Council;
Community Land
Trusts and
affordable housing
organizations

DO0W®

Ongoing Near Term

Mid Term

Long Term

Notes:

N/A = not applicable

5.7.1 Acquisitions for Capital Improvement Projects and Property Management

Another aspect of floodplain property acquisition is purchase of property to facilitate construction
of flood risk reduction facilities such as setback levees. Such projects can increase flood storage
and conveyance, reduce damaging high flow velocity, reconnect the river to the floodplain, and
restore natural riverine processes. There are also benefits for open space, riparian and off-
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channel habitat, and sediment deposition. An example of acquisitions on the landscape in the
Clear Creek basin is shown in Figure 5.4.

Acquisitions can be in the form of fee simple deed land purchases or flooding, drainage, or
conservation easements. Pierce County primarily purchases identified and prioritized riverine and
stream floodplain property on a voluntary basis. Property owner willingness, interest, and time
frame for selling is taken into consideration and account for potential property acquisition
prospects. In some cases, condemnation (acquisition through eminent domain authority)

may need to be considered when a negotiated agreement cannot be reached, or a parcel is critical
to acquire for a planned active capital project. The use of condemnation must be approved

and granted by the Pierce County Executive and ultimately by the county council through a county
ordinance process.

Figure 5.4. Property Acquisitions in the Clear Creek Project Area

- |
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5.7.2 Home/Structure Elevation and Flood Proofing

Acquisition of flood-prone homes in Pierce County is not always feasible due to high costs,
available grants, and benefit/cost requirements that limit eligibility. For some homes, elevation or
floodproofing of the structure may be another option to reduce the risks and costs of future flood
damages, particularly in coastal flood hazard areas (see Figure 5.5). Because elevation of the
structure does not address other risk factors, such as emergency access during a flood or the
potential for damage by flood-borne debris, this option is not preferred by Pierce County in
riverine flood hazard areas. Homeowners often need technical assistance to understand options
and make decisions about home elevation and permitting.

Current PCC does not allow floodproofing of residential structures. Instead, Pierce County can
apply for FEMA Hazard Mitigation Assistance grants to assist homeowners with the elevation of
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homes in flood-prone areas. The financial matches to these grants are often paid by the
homeowners. If homeowners have an NFIP policy and experience a flooding event in their home,
homeowners can access Increased Cost of Compliance (ICC) funds through their NFIP flood
insurance policy. The maximum payout for ICC funds is $30,000, which could help offset some of
the cost to elevate.

Figure 5.5. Example of a Home Elevation in Sumner, Before and After

Table 5.18 presents programmatic recommendations for home elevation and flood proofing
actions.
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Table 5.18. Home Elevation and Flood Proofing Programmatic Recommendations

Timeline Action Lead Department Partners
Develop a coastal structure elevation Planning and Public Willing property owners
initiative. Works—SWM
Pierce County should develop a Planning and Public Pierce County Health
financial assistance program that Works—SWM Department;
assists property owners with Community
methods/strategies that would Development; U.S. Army
increase their resilience to changing Corps of Engineers

environmental conditions.

’ L
(Y
g
Ongoing Near Term Mid Term Long Term

Home/Structure Elevation Considerations

Home elevation involves raising the structure at least 1 to 2 feet above the 100-year BFE,
depending on foundation type, as shown in Figure 5.6. This can substantially reduce the threat of
future damage and ensures compliance with state and county regulations when the project is not
in a floodway. Elevation projects are appropriate when relocation to high ground is not feasible
and the structures are subjected to ponding water in the floodplain with low-velocity floodwaters.
Elevation projects do not completely remove the flood risk, and emergency response may still be
required for evacuation. Elevating can reduce flood damage to the structure. Elevation projects
are not a viable alternative in areas subject to high-velocity flows, bank erosion, or channel
migration hazard areas.

Structure elevations are generally not recommended when existing structures are close to being
classified as substantially damaged and are located in a mapped floodway (based on CMZ, DFF,
and/or FEMA Floodway). This is because when a project incurs substantial damage, it is required
to meet current code, and current code does not allow structures to be substantially improved in
a floodway. In Pierce County, substantial damage occurs when a structure has suffered damages
that equal or exceed 50 percent of its value. Damages are cumulative and tracked on a 5-year
cycle. It should be noted that the costs to elevate an existing structure are not counted toward the
substantial improvement if the structure is elevated to the county elevation standards. Any
improvements not related to the elevation would still be counted.

Access to and/or from an elevated structure is another important issue to consider when deciding
if home elevation is an appropriate strategy. Access issues include the day-to-day Americans with
Disabilities Act concerns as well as emergency services, which may have limited access due to
floodwater inundation over the roadway. A garage may not be able to be elevated due to fill
concerns. In many instances, residents may not be able to drive to or from their homes during
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flood events, resulting in safety risk to residents if emergency response personnel cannot access
flooding areas.

Figure 5.6. Home Elevation in the McKenna Vicinity of the Nisqually River

Floodproofing of Commercial Structures

The PCC and FEMA 44 CFR 60.3 does not allow floodproofing of residential structures. However,
commercial structures can be floodproofed to prevent floodwaters from entering the structure
during flood events. This might involve waterproof coatings, impermeable membranes, or a
floodwall built of masonry or concrete (see Figure 5.6). Doors and other openings must be
equipped with permanent or removable shields.

Floodproofing may reduce the risks to a structure and contents, and it may be less costly than
other retrofitting options, but there are also disadvantages. These include the need for ongoing
maintenance, leakage of floodproofing materials, and installation of removable shields that
require human intervention just before the flood occurs.
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The programmatic recommendation for floodproofing of commercial structures is presented in
Table 5.19.

Table 5.19. Floodproofing of Commercial Structures Programmatic Recommendations

Timeline Action Lead Department Partners
Review all critical facilities in the Planning and Public Pierce County Fire
floodplain to determine if they Works—SWM Department, Pierce County
can be floodproofed. If they are Sheriff's Department, Schools,
unable to be floodproofed, Pierce County Department of
consider relocation. Emergency Management

DO0®

Ongoing Near Term Mid Term Long Term

5.8 Agricultural and Floodplains

Agricultural lands are traditionally located within the broad, flat floodplains and valleys of major
rivers. Farms often include land in floodways that are not typically thought of as floodplain
environments. Agricultural properties contain fewer structures at risk of flooding, and agriculture
can help maintain the flood storage and flow conveyance capacity of floodplains. Partial flooding
of agricultural property is common and can be accommodated as part of the seasonal pattern of
farming activities. Conversely, excessive flooding can create topsoil erosion and sediment
deposition across agricultural fields. This soil movement can reduce soil fertility, change topsoil
textures, increase sediment loads in watercourses, and damage surface drainage infrastructure.
These physical changes can reduce the viability of farm businesses.

Crop production is common in the lower, middle, and upper Puyallup River and Carbon River
valleys and South Prairie Creek valley. Livestock production and pasture lands are more common
in the shallower rocky soils of central and south Pierce County that were originally prairie habitats.
Mapped floodways associated with surface and groundwater flooding are commonly found on
parcels used for agriculture in both crop and livestock areas. These areas may have high water
tables that reduce the need for irrigation, or they have historically been recognized by famers and
landowners as poorly suited to more intensive uses.

This plan strives to balance the needs of agricultural activities with flood hazard management
principles and floodwater storage needs. Like other land uses, agricultural development involving
filling, grading, or clearing in an unincorporated Pierce County floodplain requires consideration of
the adverse effects on adjoining areas. A greater understanding is needed about the relationship
between agricultural uses and the ecosystem services they provide to floodplains. Economic
considerations of maintaining agriculture in floodplains also require further investigation to
determine the unexpended costs of investment in infrastructure and potential property damage
reductions that agricultural uses avoid compared to new development.
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Table 5.20 addresses the review of and amendments to the PCC and other policies to enable
agricultural practices in floodplains, including removal of sediment deposited by floods; increased
support following emergency events; improved protocols for the leasing of publicly held
floodplain lands suitable for agriculture; development of drainage management plans;
investigation of opportunities to separate agricultural drainage from natural channels; and
evaluations of economic benefits of maintaining agricultural activities in flood-prone
environments.

Table 5.20. Agriculture in the Floodplains Programmatic Recommendations

Timeline Action Lead Department Partners

Pierce County should quantify the reduction  Pierce County Pierce County SWM; partner
of expenditures/benefit associated with Long Range organizations

agricultural uses as an alternative to other Planning

types of development in floodplains.

O Conduct an assessment of Pierce County- Pierce County Pierce County SWM; partner

owned properties located within a flood Parks organizations

hazard area for possible passive recreational

use.

Develop a drainage management program Pierce County Pierce County SWM,

to improve drainage on agricultural lands Long Range Washington State

located in floodplains and flood-prone areas. Planning Department of Fish and

This could include programmatic permitting Wildlife, U.S. Army Corps of
for maintenance, recovery after floods, and Engineers, Washington State
providing technical assistance to drainage Department of Ecology,
districts and farmers. Recommendations Pierce County Development
made by the Agricultural Drainage Task Engineering, Pierce County
Force to streamline permitting and Land Use and Environmental
collaboration with other regulatory agencies Review, drainage districts,
could also be reflected in any such program. Pierce Conservation District
Pierce County should continue to identify Various Various departments in
publicly owned floodplain lands suitable for ~ departments  Pierce County Planning and
agricultural use and work with the in Pierce Public Works; partner
agricultural community to improve and County organizations

promote the current leasing program. If Planning and

county properties are inventoried and Public Works

parcels are assigned lease valuations for
agricultural purposes, they should be
promoted through partner organizations of
the Floodplains for the future program.

DO0®

Ongoing Near Term Mid Term Long Term
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5.8.1 Challenges of Agricultural in the Floodplains

Support Structures in Floodplain and Floodways

Pierce County’s development regulations prohibit the construction of new structures in a floodway
except for structures that do not require a building permit (PCC 18E.70.040.B, Replacement of an
Existing Structure). Structures are defined in PCC 18.25 as “... anything that is constructed in or on
the ground or over water, including any edifice, gas or liquid storage tank, and any piece of work
artificially built up or composed of parts and joined together.” Outside paving does not require a
building permit, nor do accessory buildings used as greenhouses, pump houses, tool and storage
sheds, and similar one-story buildings when the floor area does not exceed 200 square feet. Non-
fixed structures like shade-cloth houses, high-tunnels, and hoop-houses constructed for nursery
or agricultural purposes do not require a building permit. Retaining walls less than 4 feet in height
do not require a permit. Fences used for agricultural purposes do not require a permit if they are
less than 8 feet in height.

The county provides an agriculture building exemption for one-story, detached agriculture
buildings up to 576 square feet (PCC 18E.70.040.B.8.c). The International Building Code defines an
agriculture building as a “... structure designed and constructed to house farm implements, hay,
grain, poultry, livestock or other horticulture products.” Agriculture buildings are only exempt
from review if they are located on parcels larger than five acres, comply with provisions of the
PCC, and are not located within a floodway, wetland, or regulated fish and wildlife species area.
Additional information can be found in PCC 17C.

Regulations for the flood fringe allow new structures when meeting certain requirements, such as
having the first horizontal member above the BFE and having areas below the BFE constructed to
allow the passage of floodwater, such as pier and pile construction. Piles are mechanically driven
or jetted deep into the ground. Piers are vertical structural members that are supported entirely
by concrete footings. Both must be embedded sufficiently below the expected depth of erosion to
remain stable during floods. These standards can be applied to the lower Puyallup River floodway
and allow non-residential agricultural buildings with low risk of creating adverse conditions for
adjoining areas.

Livestock flood sanctuaries are permitted, in accordance with PCC 18E.70.040.C-8, where
approved fill materials raise the ground above the BFE. During flood events, farm equipment,
stored crops, and livestock can move to these elevated safety zones. In floodplain settings, these
must create compensatory storage. No structures are permitted on sanctuaries, so any protection
offered to stored crops or farm inputs like feed or fertilizer must be provided by temporary
agriculture structures as defined above.

Agricultural Composting

Composting vegetable matter is important to sustainable crop farming. The WAC 173-350-220,
Composting Facilities, governs agricultural composting. Several levels of agricultural composting
are exempt from having to secure a solid waste handling permit, including the composting of
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vegetable matter when all compost is used on-site. "Agricultural composting" means composting
of agricultural waste as an integral component of a system designed to improve soil health and
recycle agricultural wastes. It is conducted on lands used for farming. Vegetable matter is referred
to as a “Type 1 feedstock” and defined as source-separated yard and garden wastes; wood wastes;
agricultural crop residues; wax-coated cardboard; pre-consumer vegetative food wastes; and
other similar source-separated materials that the jurisdictional health department determines to
have a comparable low level of risk in hazardous substances, human pathogens, and physical
contaminants. However, whether exempt from a solid waste handling permit or not, agricultural
composting must meet certain standards. Surface water and groundwater must be protected,
nuisance odors and vector attraction controlled, and an annual report filed with the local health
department.

The concern with composting in a floodway or floodplain stems from its association with fill.
Compost is not fill when it is spread across a field, it is a soil conditioner that breaks down into
dust. Compost when being produced is in a transitional state. Storage on a pad or container is
temporary. Clarification in the PCC that compost is not considered fill will remove an obstacle to
productive agriculture.

Agricultural Drainage Assessments, Ditch Maintenance, and Invasive Plants

Poor drainage is a limiting factor for agricultural properties within the floodplain or flood-prone
areas, particularly in the Puyallup River watershed and in many agricultural areas in central and
southern Pierce County. Draining excess water off agriculture lands primarily relies on a system of
drainage ditches and nearby creeks and streams. Existing drainage systems are typically a mix of
man-made ditches (including roadside ditches) and natural or modified streams that empty into
larger streams and rivers. The ability of these streams and ditches to transmit runoff is impacted
by the county’s transportation-centric ditch maintenance standards and inactive or ineffective
drainage districts; excessive sediment or invasive plants, which clog the channels; and regulatory
barriers, such as the presence of threatened and endangered species, which impact the timing
and method of ditch or stream improvements.

Pierce County’s Agriculture Program is working with SWM and the Pierce Conservation District to
provide additional services to agricultural and rural landowners in floodplain and flood-prone
locations. Projects completed as part of the Agriculture Drainage Task Force, including an online
drainage support tool and the outline of how to perform drainage network analyses, should help
guide conversations about developing plans to better manage drainage systems. Regulations for
in-channel clean-up and maintenance are complicated for individual landowners to navigate. The
creation of multi-year drainage management plans should help county and state regulatory
agencies collaborate with agricultural interests to reduce conflicts. There are also efforts to
expand investments into agricultural drainage infrastructure through the Floodplains for the
Future program, including culvert replacements and potential improvements to drain tile
infrastructure.
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As part of the Floodplains for the Future Program, a subgroup called Farming in the Floodplain
Project (FFP) focused its efforts on the Clear Creek subbasin's agricultural drainage system, which
is managed primarily by Drainage District 10. The FFP conducted a drainage inventory to
understand the complexities of the system and what drainage ditches were a priority to enhance
drainage efficiency. Through this experience, the FFP worked with stakeholders to identify
multiple recommendations to improve drainage on agriculture lands in flood-prone and
floodplain areas. Although the project was focused on a small subbasin of the Puyallup River
watershed, many of the recommendations may apply to improving drainage on agriculture lands
located in floodplain and flood-prone areas in other parts of the county.

As a first step to improving drainage in the Clear Creek area, the FFP conducted an invasive plant
removal from drainage ditches. The project involved landowners; farmers; Drainage District 10;
and multiple regulatory agencies such as Washington State Department of Fish and Wildlife, Pierce
County Planning and Public Works, Tribes, and Washington State Department of Ecology.
Following removal of the invasive plants, the FFP and Pierce Conservation District recruited local
community volunteers to replant sections of the cleared ditches in an effort to shade out regrowth
of the invasive plants. This work continues to be maintained and monitored for effectiveness, with
areas adjacent to drainage ditches showing improved in-channel vegetation control. Additional
information on the FFP can be found at https://farminginthefloodplain.org/.

5.8.2 Preserving Pierce County Agricultural in the Floodplains

Agriculture Resource Lands

Pierce County redefined Agriculture Resource Lands (ARL) in 2018, and the ARL zoning designation
continues to restrict extensive development. Many agricultural parcels located in floodplain and
floodway areas do not meet the requirements to be zoned as ARL, so this classification does not
ensure permanent or broad restrictions on development. Agricultural conservation easements are
one effective tool to ensure limited development in flood-prone areas.

Agriculture Conservation Easements

Since 2004, over 1,350 acres of farmland have been preserved through conservation easements.
These have been funded through county programs such as Conservation Futures and Transfer of
Development Rights, and by private farmland conservation entities like Washington Farmland
Trust and Forterra. Pierce Conservation District works with the Washington State Conservation
Commission to administer funds supporting agricultural easements. An important local funding
source for agricultural easements is the Floodplains for the Future (FFTF) program operated by
Pierce County SWM. The FFTF is funded primarily by the Washington State Department of
Ecology’s Floodplains by Design grant program. Other funding sources used to establish these
easements include U.S. Department of Agriculture-Natural Resource Conservation Service
programs like the Agricultural Conservation Easements Program and the Regional Conservation
Partnership Program.
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Agricultural conservation easements have been difficult to execute in the last five years due to a
lack of staff support and unclear regulatory guidance from federal agencies. The Strategic
Conservation Partnership, a collective of organizations including Washington Farmland Trust,
Forterra, Pierce Conservation District, and Pierce County (Transfer of Development Rights and
FFTF), works to prioritize potential land areas that are either in danger of being converted away
from agriculture or that have significant long-term value and importance to Pierce County’s
agricultural sector. Many of these farm properties are located in the floodplain or are marked by
flood hazards. Establishing conservation easements on properties with flood risks eliminates the
potential for future development, complementing flood risk reduction efforts pursued by Pierce
County SWM.

Two farm properties have been conserved since 2018, totaling 54 acres. Since conservation
easements began to be established in the mid-2000s, eight farm properties that contain land in
regulated floodways have been conserved, protecting over 400 acres of farmland within and
adjacent to high-risk flood hazard areas.

Leasing of Floodplain Land for Agricultural Use

Pierce County SWM has purchased significant floodplain land in the major river valleys and in
other flood-prone areas over the past 25 years as a means to eliminate flood risk properties and
promote compatible activities in floodplains. The county is expected to continue floodplain
property acquisitions using state and federal grants and other fund sources over the next

20 years. Some of these lands are suitable for agriculture and have been leased for agricultural
use.

The agricultural lease program can be promoted to increase the amount of land in agricultural
production. Pierce County SWM, in partnership with Planning and Public Works’ (PPW's) Strategic
Business Division and Agriculture Program, can evaluate county-owned floodplain lands for sail
type, inundation frequency, accessibility, available utilities, zoning allowances, and other features
important to agricultural production. Results of the evaluation can be shared on the county’s
website and with Floodplains for the Future partners. The Strategic Business Division and
Agriculture Program can work with the agricultural community and prospective lessees to improve
the current leasing program.

5.9 Multiple Benefits

5.9.1 Water Resource Inventory Areas

Water Resource Inventory Area 10 Habitat

The Puyallup-White Watershed (Water Resources Inventory Area [WRIA] 10) is a glacially fed
watershed that drains approximately 1,053 square miles between Mount Rainier and
Commencement Bay. The upper basin is primarily forested and includes a mix of national park,
national forest, and private commercial timber lands. Although undeveloped, many of these forest
lands contain significant road networks and are subject to periodic disturbance from timber
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harvesting activities where late-seral (old growth) forest originally existed. Land use transitions to
a mix of agriculture, commercial forestry, open space, and low-density residential in the middle
basin. The lower basin is dominated by commercial, industrial, and high-density residential and
urban uses. The watershed includes portions of the Puyallup Indian Reservation and also King
County. There are three major rivers in the watershed. The Puyallup River is the largest, flowing
approximately 46 miles from glacial headwaters on Mount Rainier before discharging to
Commencement Bay. Commencement Bay is a 5,700-acre embayment with 25 miles of shoreline,
440 acres of intertidal and shallow subtidal habitat, and approximately 510 acres of open water
habitat. The White River flows about 68 miles from glacial headwaters on Mount Rainier to its
confluence with the Puyallup River near Sumner. The Carbon River flows 33 miles from its glacial
headwaters before discharging to the Puyallup River near Orting. The lower Puyallup, White, and
Carbon Rivers are channelized and confined within a system of levees and revetments. The
watershed supports several species of native salmonids, including Chinook (FERC [ESA] listed),
chum, coho, pink salmon, steelhead (ESA-listed), bull trout (ESA-listed), and coastal cutthroat trout.
The watershed is home to the only existing spring Chinook salmon population in south Puget
Sound and is considered a core bull trout recovery area. Salmonids in various life history stages
use habitat throughout the watershed during every month of the year, including nearshore
habitats of Commencement Bay and associated small stream mouths.

Several Puyallup River tributaries, including Kapowsin, Fennel, Clarks, and Clear creeks, supply
important spawning habitat for chum and pink salmon. South Prairie Creek, a major Carbon River
tributary, is considered one of the most productive reaches for Chinook and steelhead spawning
in the watershed. Upper White River tributaries such as the Clearwater, Greenwater, and West
Fork White Rivers, along with major creeks such as Huckleberry, Silver, and Boise, supply
important spawning habitat for White River Spring Chinook.

The White River Hatchery, operated by the Muckleshoot Indian Tribe, has brought the White River
Spring Chinook back from merely a dozen fish in the early 1980s to several thousand today and
continues to be important to the recovery of this stock. The Tribe relies upon Spring Chinook
culturally and has ceremonial fisheries when there are sufficient adult salmon returns. The
Puyallup-White River Watershed is one of the most populated and farmed basins in the Puget
Sound region, and development pressure continues to increase throughout the watershed as area
population grows and farms and forests are converted to residential and commercial uses. Much
of the watershed lacks sufficient riparian shade due to development, levees and their
maintenance, and infrastructure. Levees and revetments in the lower watershed isolate salmon
from important off-channel and floodplain habitats needed and used for rearing and refuge.
Water quality is impaired in portions of the watershed due to high bacteria levels, high water
temperatures, and low dissolved oxygen. Shoreline and nearshore habitats have been degraded
by armoring, dredging, and overwater construction.

Three major dams—Electron Dam on Upper Puyallup River and the Mud Mountain and Buckley
Diversion dams on White River—impact salmonid migration and instream flow. Mud Mountain
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Dam also affects floodplain connectivity downstream. Overall priorities for restoration and
protection are levee setback and floodplain reconnection projects; preservation of intact
floodplain and riparian habitats; restoration of natural stream features such as large woody
material (LWM), natural banks, and deep pools; restoration and protection of highly productive
tributary and mainstem river reaches; removal or alteration of passage barriers; restoration of
hydrologic regimes; and restoration of nearshore and riparian habitats.

Water Resource Inventory Area 11 Habitat

The Nisqually Watershed (WRIA 11) is a glacially fed watershed that drains approximately

761 square miles between Mount Rainier and the Nisqually Delta. Land use in the upper basin is
primarily forested and includes a mix of national park, national and state forest, and private
commercial timber lands. Land use in the lower basin is more varied and includes areas of public
and private forest, prairie, agriculture, and some low- to moderate-density residential
development. The watershed includes portions of Thurston and Lewis counties, Joint Base Lewis-
McChord (JBLM), and the Nisqually Indian Reservation. There are over 300 streams in the Nisqually
Watershed, for a total of 714 miles of stream channel, with only approximately 382 miles
accessible to anadromous salmonids due to the presence of natural migration barriers and
hydropower infrastructure. The Nisqually River is the largest drainage in the watershed, flowing
approximately 78 miles from the Nisqually Glacier on Mount Rainier to a large delta in south Puget
Sound. The lower 5.2 miles of the river mainstem is constrained by revetments and levees. At over
1,900 acres in size, the Nisqually Delta is one of the largest river deltas in Puget Sound and
supplies diverse salmonid-rearing habitat, including mudflats, salt marsh, tidal channels, and
eelgrass beds. Significant subbasins in Pierce County include Red Salmon Creek, Muck Creek,
Ohop Creek, and Mashel River. Red Salmon Creek discharges to the Nisqually Delta from a small
drainage at the northeast extent of the watershed. McAllister Creek is a spring-fed floodplain
system in Thurston County that discharges to the southern part of the delta.

Muck Creek drains a 93-square-mile area and discharges to the Nisqually River north of Yelm.
Ohop Creek flows 11.9 miles before discharging to the Nisqually River southwest of Eatonville.
Mashel River flows over 32 miles from a small unnamed lake before discharging to the Nisqually
River at Nisqually State Park. The watershed supports several species of native salmonids,
including Chinook (ESA-listed), chum, coho, pink salmon, steelhead (ESA-listed), and coastal
cutthroat trout. The majority of Chinook, steelhead, and pink salmon spawn within the mainstem
lower Nisqually River and the Mashel River. Steelhead are present in watershed streams year-
round.

The watershed is a major producer of wild chum in south Puget Sound and is home to a uniquely
timed late season run. The Nisqually Delta supplies regionally significant rearing habitat for non-
natal salmonids, including bull trout and Chinook from south, central, and north Puget Sound
watersheds. The Nisqually Watershed is one of the least developed watersheds in the south Puget
Sound region. Much of the area is protected from development due to location within Mount
Rainier National Park, Gifford Pinchot National Forest, Nisqually State Park, JBLM, and the Billy
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Frank Junior Nisqually River National Wildlife Refuge. The Nisqually River is also one of the least
degraded major rivers in the Puget Sound region. However, stream water quality in portions of the
watershed is impaired due to high bacteria levels and temperatures and low dissolved oxygen.
Some lakes in the watershed are also affected by high phosphorous inputs and nearshore
habitats have been degraded through placement of shoreline armoring and fill. Instream flow
conditions and salmonid migration in the lower Nisqually River are affected by the LaGrande Dam,
Alder Dam, and Centralia Diversion Dam.

Overall priorities for restoration and protection are preservation of intact floodplain and riparian
habitats, restoration of hydrologic regime, projects that enhance instream habitat diversity and
promote natural riverine processes, floodplain reconnection projects, and riparian restoration and
enhancement projects.

Water Resource Inventory Area 12 Habitat

The Chambers Clover-Creek Watershed(WRIA 12) is a small spring and groundwater-fed basin
covering 144 square miles between the Nisqually and Puyallup watersheds. Chambers Creek is the
largest creek in the Chambers Watershed with widths of up to 25 feet and depths ranging from 6
inches to 2 feet. Major tributaries to Chambers Creek include Clover, North Fork Clover, Spanaway,
Morey, Flett, and Leach creeks. Sequalitchew Creek is contained in a separate subbasin and
discharges directly to Puget Sound.

Some areas of the watershed are natural with adequate instream and riparian habitat, forests,
wetlands, and connected floodplains, especially on property owned by JBLM, but most of the
watershed has been heavily urbanized and developed. Portions of the streams have been
straightened, diverted, armored, and contained in pavement-lined channels and culverts.
Nineteen miles of the shoreline are developed, and armored and natural processes are affected
by railway infrastructure that disconnects nearshore areas and tidal flows from estuaries and salt
marshes, as well as upland habitat.

The watershed once supported robust runs of coho, chum salmon, and steelhead trout Sockeye
and Chinook salmon and coastal cutthroat trout were also found in the watershed. Today, the
watershed primarily supports cutthroat trout and coho and chum salmon. Resident coastal
cutthroat trout occur throughout Clover Creek and in all perennial reaches and have been
documented spawning on the Naches Preserve. They also can be found in seasonal reaches, such
as North Fork Clover Creek at Golden Given. However, these reaches go dry in the summer. Sea
run coastal cutthroat is expected to forage in the nearshore areas, including the small estuaries.
The nearshore areas also support foraging, rearing, and migrating wild and ESA-listed salmonids
from other river systems throughout Puget Sound.

Along with development, threats to habitat include water quantity, particularly in summer months
when instream flows are so low that large areas of the creeks go completely dry. Other water
quality issues include increased siltation, low dissolved oxygen, fecal coliform, metals, and high-
water temperatures. There is also the potential for contamination due to stormwater runoff past
industrial discharges and tire dust due to the high-density road network. General restoration and
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protection strategies include protection and restoration of highly productive tributary and
mainstem areas, especially the lower four miles of Chambers Creek; floodplain reconnection;
removing fish barriers, especially Chambers Creek Dam; restoration of hydrologic regime;
restoration of pocket estuaries and nearshore habitats; and water quality improvement.

Water Resource Inventory Area 15 Habitat

The Kitsap or Key Peninsula-Gig Harbor-Islands Watershed (KGI; WRIA 15 East Kitsap Peninsula) is
a 158-square mile rain and groundwater fed watershed within the Kitsap Peninsula Watershed
made up of two peninsulas and many islands between Case Inlet, the Tacoma Narrows, and
Colvos Passage. The largest islands in the watershed include Fox Island, McNeil Island, and
Anderson Island. Land use is primarily a mix of forest, pastureland, and moderate-density
residential, with some high-density residential and commercial development associated with Gig
Harbor. The watershed includes portions of Mason and King counties.

There are no major rivers within the watershed, but there are many small, low-gradient salmon-
bearing streams that drain into Puget Sound. Significant subbasins include Rocky, Minter (Huge),
Purdy, Burley, Wollochet, Artondale, North (Donkey), and Crescent creeks. These subbasins
represent small drainages, and most of the streams are less than 2 miles in length, with a few
exceptions. Rocky Creek flows five miles from Wye Lake to Rocky Bay in Case Inlet. Minter Creek
flows approximately 6.3 miles from headwaters in Kitsap County to Minter Bay in Case Inlet. Purdy
Creek flows approximately 3.5 miles from headwaters in Kitsap County to Burley Lagoon. North
(Donkey) Creek and Crescent Creek both flow approximately three miles before discharging into
Gig Harbor Bay. The Watershed also includes approximately 179 miles of marine shoreline with
diverse nearshore habitats, including salt marshes, tidal embayments, bluff-backed beaches, and
submerged aquatic vegetation beds.

The watershed supports several species of native salmonids, including Chinook (ESA-listed and
non-listed), chum, coho, steelhead (ESA-listed), and coastal cutthroat trout. Many streams in the
watershed support productive spawning runs of chum and coho. The remaining steelhead are no
longer productive and are at risk of extirpation. Watershed streams also supply significant rearing
and foraging habitat for other juvenile and adult salmon. Chinook using watershed streams
appear to be primarily hatchery stock. However, threatened Chinook from north, south, and
central Puget Sound watersheds can be found year-round using the extensive nearshore marine
habitats in the watershed for refuge, foraging, and migration. Bull trout are also believed to forage
in nearshore marine waters of the watershed. Development pressure has been rapidly increasing
in the watershed in recent years, as forest and agricultural land is being converted to residential
and commercial uses. Partial and full fish passage barriers have been identified on many streams
throughout the watershed that limits access to important spawning and rearing habitat.
Nearshore areas have been significantly altered by shoreline armoring, construction of overwater
structures, and dredging. Water quality in several streams, embayments, and nearshore areas
within the watershed is impaired by low dissolved oxygen and high bacteria. Some streams are
also known to be impaired by high temperatures and low pH levels.
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Overall priorities for restoration and protection are preservation of intact habitats, including
forests, riparian areas, and estuaries; removal or modification of passage barriers to restore
access to spawning and rearing habitats; removal or modification of overwater structures to
reduce impacts to nearshore habitats; and removal or modification of shoreline armoring to
restore natural coastal processes.

5.9.2 Salmon Habitat

Under natural conditions, a river and floodplain create ideal salmon habitat by acting as a single
ecological unit that absorbs energy and stores sediment and flood water. In their undisturbed
state, this relationship is expressed in meandering channels, pools with large wood, side channels,
gravel bars, wetlands, and off-mainstem channel stream areas (e.g., oxbow cutoffs, wall base
channels), which provide cool, clean water with an abundance of refuge and food. Over the past
two million years, salmon have successfully evolved to use this ecosystem. Adult salmon use
gravel bars for spawning and wood-enhanced pools for holding and cover. Juvenile salmon use
the slower water off-channel areas for refuge and rearing, especially during flood events. Over the
past 150+ years, the floodplain has been systematically separated from the river channel by dams,
levees, estuary filling, and floodplain development.

Today, salmon populations throughout the Puget Sound are in decline, including in the Puyallup
and Nisqually Rivers. For example, the Puyallup River Fall Chinook stock is estimated to have an
historical run of 64,000 fish compared to about 2,000 today. Chinook that spawn naturally are
expected to produce two to three returning adults, while historically they were expected to
produce seven to 10 returning adults (ICF 2021). In the Puyallup River Watershed, this loss in
productivity and abundance is tied directly to habitat loss (Mobrand 2001). Salmon habitat loss in
the flood planning area is well documented in the Limiting Factor Reports for the Puyallup and
Nisqually Watersheds (Kerwin 1999, 2000) and is attributed primarily to the filling of estuary and
floodplain areas, levees, and dams. Each of these categories represents projects that isolate the
floodplain from the river channel.

Large habitat restoration projects completed between 2001 and 2020, including flood protection
projects, have resulted in increased floodplain reconnection, which has been identified as the
main contributing factor to salmonid population improvements in the Puyallup River and
Chambers-Clover Watersheds. (ICF 2021.)

Ideally, future flood management projects would result in the removal or setting back of levees to
improve the long-term storage capacity of the floodplain for water and sediment. These types of

floodplain reconnection projects supply flood, fish, and riparian habitat benefits and have limited
maintenance requirements over time.

Programmatic recommendations related to salmon habitat are provided in Table 5.21.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Exhibit A to Ordinance No. 2023-41, Page 148 of 8



Chapter 5: Programmatic Recommendations

Table 5.21. Salmon Habitat Programmatic Recommendations

Timeline

L

a

Action

Partner with the Pierce County
Shore Friendly program to identify
additional grant sources and
implement projects.

Lead Department

Pierce Conservation
District

Partners

Planning and Public
Works—SWM

$L

O

n

Complete/update Pierce County fish
passage culvert inventory for fish
passage and flood risk.

Planning and Public
Works—SWM

Pierce County Maintenance
and Operations, Pierce
County Office of the
County Engineer, Nisqually
River Council, Puyallup
Tribe of Indians,
Muckleshoot Tribe,
Squaxin Island Tribe
Watershed Councils,
Washington Department of
Fish and Wildlife, select
contractors

I O Prioritize projects that restore Planning and Public Cities, Interested
". hydrology to a more natural Works Landowners, South Puget
- condition to reduce flood risk, Sound Salmon
reduce sediment transport, and Enhancement, Puyallup
improve water quality and fish Tribe of Indians,
habitat. Muckleshoot Tribe,
Squaxin Island Tribe,
Nisqually Tribe
L O In shared watersheds, work with the Planning and Public Cities in Pierce County,
"n cities and counties on land use Works—SWM Kitsap County, Thurston

planning at the watershed scale to
achieve flood risk reduction, fish
passage, and ecological benefits.

County, Mason County,
Kitsap County, and King
County

©

Consider incentives to encourage
joint/co-located stream crossings to
reduce future flooding, fish passage
problems, and impacts to fish
habitat.

Planning and Public
Works—SWM, Land
Use and Environmental
Review, Long Range
Planning

Puyallup Tribe of Indians,
Muckleshoot Tribe,
Squaxin Island Tribe,
Watershed Councils, DNR

©

Create incentive program to keep all
class of wetlands, which all
contribute to increased water
quality, reduced flooding, and
improved habitat for fish and
wildlife.

Planning and Public
Works—SWM, Land
Use and Environmental
Review, Long Range
Planning

Puyallup Tribe of Indians,
Muckleshoot Tribe,
Squaxin Island Tribe,
Nisqually Tribe, watershed
councils
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Timeline Action Lead Department Partners

DO0W®

Ongoing Near Term Mid Term Long Term

5.9.3 Habitat and Riparian Area Mitigation

Flood management capital projects require permits from multiple local, state, and federal
agencies. These agencies have policies that vary regarding allowable impacts to the resources they
regulate. Agencies share a general strategy for conditioning permits for projects, focusing first on
attempting to avoid the impact, if possible, then on minimizing and mitigating for any unavoidable
habitat impacts or consequences. Mitigation may not be limited to new projects but also be
applied to projects that maintain a condition that is detrimental to the resource being protected
(e.g., fish, wetlands, or shorelines).

Many of the proposed projects within this 2023 Flood Plan will be unable to completely avoid
impacts, and it will be important to proactively define mitigation opportunities that address
anticipated impacts in support of improving the efficiency of permitting process. This requires an
understanding of projects, river processes, and factors that currently limit or adversely impact
river and floodplain systems. Anticipating and preparing for adequate mitigation will help to
accelerate projects proposed by this 2023 Flood Plan and supply better protection for fish and
riparian habitat. See Table 5.22 for the programmatic recommendations related to habitat and
riparian area mitigation.

Table 5.22. Habitat and Riparian Area Mitigation Programmatic Recommendations

Timeline Action Lead Department Partners
Pierce County should engage resource Planning and Pierce County Land Use
agencies and Tribes in creating fish and Public Works—SWM  and Environmental
riparian habitat area advance and/or off- Review, U.S. Army Corps
site mitigation opportunities to mitigate of Engineers,
for impacts of 2023 Flood Plan projects Washington Department
that cannot be mitigated on-site. Pierce of Fish and Wildlife,
County should work with agencies to Washington State
establish policies for crediting advance Department of Natural
mitigation and creating an account for Resources, Muckleshoot
property acquisition if considered Tribe, Nisqually Tribe,
possible. Puyallup Tribe

DHDO0W®

Ongoing Near Term Mid Term Long Term
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5.9.4 Water Quality

Water quality in lakes, rivers, estuaries and the Puget Sound are negatively affected by
surrounding land use. Regulatory agencies have identified many water bodies that experience
impaired water quality. These impairments are most commonly due to excessive sediment,
nutrients, bacteria, or chemical contaminants entering the waterway, or alteration of natural
landscape features like vegetation and soil. Changes to surrounding land use can also alter flow
regimes and increase pollution carried to surface water via runoff. These stressors result in
changes that hinder legally protected, beneficial uses like aquatic habitat, aesthetics, recreation, or
drinking water. Significant investments have gone into mitigating these stressors and restoring
water quality. Improved stormwater and wastewater treatment technologies, critical area
regulations, habitat restoration projects, and pollution prevention programs are all actively
employed to help protect and improve water quality in Pierce County.

Flooding has the potential to mobilize contaminants at scales that can quickly overwhelm
standard water quality infrastructure and protections, which could result in degraded conditions
that may pose significant risks to human health and aquatic ecosystems. The range of potential
contaminants is broad but includes the following categories:

* Nutrients: Flooding of agricultural lands, wastewater treatment plants, on-site septic systems,
and maintained grass areas can mobilize nitrogen and phosphorus from human and animal
wastes, fertilizers, and fine sediments. When present in excess, nutrients can cause harmful
algal blooms, alter natural food webs, and result in low dissolved oxygen concentrations.

* Sediment: Tremendous amounts of sediment from watershed sources or erosion can
mobilize during flooding. Excess sediment transport and subsequent deposition is damaging
to habitat, aquatic life, and infrastructure. Sediment can also alter drainage patterns and
increase future flood risks.

®* Pathogens: Human and animal waste from sewage treatment plants, on-site septic systems,
agricultural operations, and other sources has many potentially harmful bacteria, viruses, and
parasites. During flood events, these may enter floodwaters untreated and pose significant
risks to human health. Even as floodwaters recede, exposure via contaminated drinking water
sources like groundwater wells remains significant.

* Harmful chemicals: Heavy metals, petroleum products, solvents, pesticides, surfactants, and
a host of other potentially harmful or hazardous materials can enter waterways during flood
inundation. These substances may pose immediate risk to human health and aquatic life.
Depending on factors like pervasiveness, persistence, and interactions with other chemicals,
the long-term effects of such pollutants on environmental health can be costly and difficult to
reverse.

While the relative makeup of pollutant types may vary, the risk of water quality contamination
during flood events is present across most land use categories in developed areas, for example:
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* Residential: Flooding in these areas may result in the release of household hazardous wastes,
lawn, and garden chemicals (fertilizers, pesticides, herbicides), automotive chemicals,
petroleum products (fuel oil, gasoline), and untreated wastewater.

®* Commercial: Flooding may result in release of a wide range of pollutants, including hazardous
wastes, solvents and cleaning products, automotive chemicals, petroleum products,
pharmaceuticals, untreated wastewater, stockpiled sediment, and a host of others.

® Industrial: Flooding may result in the release of industrial-strength chemicals used in
manufacturing process, hazardous waste products, metals, solvents, petroleum products, and
many others. Impacts from releases in these areas is much higher, although risk of release
may be offset by redundant safety protocols and containment systems.

® Agricultural: The primary concerns from agricultural flooding are large or concentrated
volumes of fertilizers, pesticides, herbicides, animal waste, and fine sediments. Fuel oil,
untreated wastewater, and household hazardous wastes are also potential risks.

When pollutants are mobilized by floodwaters, the result can be damaging to human health, water
quality, aquatic life, and habitat. The range in extent, magnitude, and types of pollutants released
is highly variable, making the impacts difficult to predict. The proper storage, handling, and
management of chemicals, waste, and other pollutants is essential to protect aquatic resources
from the adverse impacts of flooding. Prevention strategies include regulation that keeps
pollutants out of flooded areas, construction and maintenance of stormwater controls, and
implementation of best management practices like proper storage and secondary containment.
Regulatory and structural controls are supported by educating the public and businesses on
pollution prevention, conducting source control inspections, and supplying technical assistance.

Programmatic recommendations for water quality are presented in Table 5.23.

Table 5.23. Water Quality Programmatic Recommendations

Lead
Timeline Action Department Partners
'@ O Continue to maintain and enhance structural  Planning and Pierce County
". stormwater controls and implement Public Works— Development
- sediment best management practices per SWM Engineering, Pierce
NPDES permit requirements to reduce the County Maintenance &
impacts of urban flooding Operations, private
developers
';L) O Continue to ensure low impact development ~ Pierce County ~ Washington State
',. strategies are the preferred and most Development  Department of Ecology,
- commonly used approach to managing Engineering Washington Stormwater
stormwater for new and redevelopment to Center

reduce urban flooding.
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Action

Manage hazardous materials in flood-prone
areas through the source control inspection
and technical assistance program to ensure
best management practices are in place.

Lead
Department

Planning and
Public Works—
SWM

Partners

Cities in Pierce County
that have a permit to
discharge stormwater
from their built drainage
system, residents and
business owners,
Washington State
Department of Ecology

Encourage connection to sanitary sewer in

Tacoma-Pierce

Pierce County Sewer,

':.L O lieu of new septic systems within the 100-year County Health  Pierce County SWM,

- floodplain and areas of high seasonal Department; Master Builders
groundwater or frequent groundwater Pierce County  Associations, State
flooding. Land Services  Department of Health

g O Retrofit private well casings to protect against Tacoma-Pierce Pierce County Sewer,
".. floodwater inundation and encourage County Health  Pierce County SWM,

connections to public water systems where
possible.

Department,
Pierce County
Land Services

Master Builders
Associations

Ensure public outreach and education about

Planning and

Tacoma-Pierce County

human health risks from poor surface and Public Works— Health Department,
drinking water quality during and after flood ~ SWM Pierce County Land
events. Service

Supply technical assistance and educationto  Planning and TBD

residents and businesses within frequently Public Works—

flooded areas on source control and proper SWM

storage and isolation of hazardous materials,

chemicals, wastes, and other pollutants to

prevent contamination of flood waters.

Pierce County should educate residents and Planning and TBD

businesses with on-site sewage systems and Public Works—

drain fields in frequently flooded and high SWM, Tacoma-

groundwater areas to not use them during
rainy periods that inundate their septic or
drain fields. This causes contamination of
surface and interflow in the soil and risks
backup of sewage into the home or business.

Pierce County
Health
Department

DHDO0W®

Ongoing Near Term Mid Term Long Term

Notes:
TBD = to be determined
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5.9.5 Rights and Access to Rivers and Shorelines

Rivers and associated riparian corridors are desirable locations for passive or active recreational
uses for Pierce County residents. These areas are also an important part of Tribal treaty rights
established in the late 1800s. Activities include trail use, fishing, boating, and passive recreation.
Within the planning area, there is extensive river mileage with minimal public access. Many
fishermen and boaters access rivers at unauthorized locations, and many people are using the
rivers with few appropriate supporting facilities (e.g., parking and restrooms). The Pierce County
Park, Recreation, and Open Space Plan (Chapter 19D.160) (Pierce County 2020) identifies riverfront
water access as a high priority and value.

Public lands in flood hazard areas are often not suitable for public use due to regulatory issues,
liability concerns, easement issues, or compatible use. Many of Pierce County's levees and
revetments have limited public access due to the easements that were granted exclusively to
Pierce County for flood management purposes. Where public access is possible, Pierce County has
made these areas available for passive use. Users can find this information on the Pierce County
website.

As new levees are constructed, public access opportunities should be considered. Issues to
consider include costs to make improvements for public access, available net-useable land,
ongoing operation and maintenance costs, and concerns about potential environmental
degradation, such as effects on habitat and water quality due to human traffic and incompatible
uses.

Concerns about environmental degradation along rivers are mostly related to habitat and water
quality impacts. This includes impacts to fish habitat (such as salmon spawning or rearing habitat)
and wildlife habitat (such as vegetation and riparian corridor habitat). Water quality impacts can
occur from bank erosion, pedestrian use of riverbeds and gravel bars, excessive or damaging use,
littering (during general use or during fishing season), and improper disposal of garbage and
human waste.

The programmatic recommendations related to rights and access to rivers and shorelines are
presented in Table 5.24.
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Table 5.24. Rights and Access to Rivers and Shorelines Programmatic Recommendations

Timeline Action Lead Department Partners
Pierce County should consider Planning and Public Cities and special
opportunities to improve public access to Works—SWM, interest groups
rivers, making use of publicly owned land Parks and Recreation

along rivers with considerations for
operational needs.

@ Pierce County should seek to purchase land  Planning and Public TBD

for future flood risk reduction facilities (e.g., Works—SWM
setback levees) on a fee-simple basis and

make limited use of easements on private

land and incorporate provisions for public

access where possible.

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
TBD = to be determined

5.10 Streams and Channel Management

5.10.1 Sediment Management in Small Streams

Sediment is a natural part of small stream systems and plays an important role in maintaining
their form and function. However, changes in land use within a watershed often result in
increased sediment delivery to small streams that can cause unwanted changes in these systems,
such as decreased conveyance capacity during high flows and declines in habitat and water
quality. Excess sediments can enter streams through external sources, such as stormwater runoff,
or from instream erosion of the stream bed (known as incision) and banks.

Conversion of forest and other open space to more intensive uses, such as commercial and
residential development, is typically associated with reductions in wetland area and infiltration
capacity and an increase in impervious surface coverage within a watershed. Development can
also result in altered upland drainage patterns through changes to natural topography and
construction of artificial drainage networks. These changes can significantly increase the volume
and velocity of runoff entering streams associated with storm events, which in turn increases fine
sediment delivery and the erosive power of storm flows. This can worsen channel incision and
streambank erosion; cause filling of low gradient stream reaches; smother aquatic organisms and
their habitats; increase delivery of excess nutrients, bacteria, and other pollutants to the stream;
and increase nuisance vegetation growth in areas of deposition. Suspended sediments also
decrease water clarity, which is an aesthetic as well as environmental concern, and can lead to
increased water temperature and decreased dissolved oxygen levels.
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Sediment management currently poses a challenge in streams throughout Pierce County, with the
Clarks Creek, Swan Creek, and Clear Creek basins of particular concern. The primary source of
excess sediments in these watersheds appears to be increased runoff from residential and
commercial development. Stormwater runoff carries sediments from impervious surfaces and
erodes drainage ditches and other overland flow pathways, delivering high loads of fine sediments
to streams. In addition, increased stormwater runoff volume from impervious surfaces and
drainage pipes and ditches has resulted in channel incision and streambank erosion in some
locations. Channel incision is known to affect Clear, Clarks, Diru, Rody, Silver, and Woodland
creeks. It is noted that some incision in Clarks and Clear creeks is the result of historical
channelization of the Puyallup River. Instream erosion has resulted in unstable or failing
streambanks at many locations, which threatens the integrity of important infrastructure like
roadways and utilities.

In Clarks Creek, excess sediment contributes to water quality impairment by promoting excessive
aquatic vegetation growth that leads to low dissolved oxygen concentrations. Nuisance vegetation
also increases deposition of fine sediments in the creek, which further reduces channel capacity in
low-gradient reaches. Declining water quality observed in Swan Creek has been attributed to
increased concentrations of sediment, nutrients, and bacteria.

Small stream sediment management is being approached through a combination of actions
designed to control point sources, reduce instream erosion, and restore floodplain sediment and
water retention functions. Specific measures in the suite of management actions being pursued
include retrofitting existing stormwater detention facilities, enhanced maintenance of existing
stormwater facilities, targeted construction of new stormwater detention facilities, tributary
streambank channel stabilization, and wetland and floodplain protection or restoration.

Table 5.25 presents the programmatic recommendations for sediment management in small
streams.

Table 5.25. Sediment Management in Small Streams Programmatic Recommendations

Timeline Action Lead Department Partners

Gather information on culverts with Planning and Public N/A
high sedimentation issues that cause ~ Works—SWM,

water quality and flood issues. Maintenance and

Operations
Develop best management practices Long Range Planning Pierce Conservation
to address sediment management and Land Use District

and vegetation management in flood- Environmental review

prone areas.
DO0®

Ongoing Near Term Mid Term Long Term
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5.10.2 Local Monitoring

To supplement the river monitoring system maintained by the USGS and others, Pierce County
and local partners maintain a network of stream, groundwater, and water quality monitoring sites.
These gauges, which supply critical flow information during flood events, model flood risk and are
used for planning purposes for overall water resource management. Pierce County recommends
that an additional gauge be added on the Carbon River in Orting near Bridge Street to supply flow
and stage information nearer to urban areas. The only existing gauge on the Carbon River is at
Fairfax at RM 16.1, which is more than 12 miles upstream of Orting.

Local monitoring programmatic recommendations are provided in Table 5.26.

Table 5.26. Local Monitoring Programmatic Recommendations

Timeline Action Lead Department Partners

Identify partners who maintain their own  Planning and Public Cities in Pierce County
gauges and define a method of obtaining ~ Works—SWM
approval and access to data.

O Incorporate new stream monitoring sites  Planning and Public Orting, other Cities in

for future flood modeling. Works—SWM Pierce County
$~.
Ongoing Near Term Mid Term Long Term

Notes:
TBD = to be determined

5.11 Flood Risk Reduction Facility Repair and Maintenance

5.11.1 Recommended Design and Management Strategies

This 2023 Flood Plan applies a dynamic, customized level of design to flood-risk reduction facilities
and maintenance using different management strategies for each sub-planning area or river
reach. This includes structural approaches for levee and revetment reaches. Four levee levels of
design and two different revetment designs are available for application by reach or sub-reach.
Interim risk reduction measures are described in the County’s System Wide Infrastructure
Framework Plan (Pierce County 2017). Additionally, non-structural approaches, such as floodplain
development regulations and acquisition/buyout of property or structures, are applicable to all
river reaches and other areas where flooding occurs.

This 2023 Flood Plan moves away from the level of service concept that was described in the 2013
Rivers Flood Hazard Management Plan in favor of a more holistic approach to infrastructure use
and design. This approach reflects the unique physical, economic, and cultural characteristics on
various reaches of Pierce County's rivers and other surface water management infrastructure.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Pierce County’'s recommended design and management strategies are tailored to flooding, land
use, channel migration risks, and river reach priorities. Management strategies for reaches
containing flood risk reduction facilities identify levels of protection goals for levees and
revetments, as described in the recommended management strategies map (Figure 5.7).

Pierce County set the strategic direction for applying river reach management strategies in March
2022. The strategies are applied on a river reach basis, specifying the applicable river miles. Left or
right bank land use types, risk, and resource expenditures were factors considered in applying
alternative strategies to 11 river reaches. This 2023 Flood Plan relies on structural approaches for
levee and revetments for all reaches, regardless of ownership of the existing flood risk reduction
infrastructure. In some cases, a combination of approaches may be appropriate.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 5.7. Recommended Design and Management Strategies for Pierce County’s

Flood Risk Reduction Infrastructure
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The following are design and management strategies for Pierce County’s Flood Risk Reduction
Infrastructure and where they can be applied.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

100-Year Event: Levees are designed to be structurally sound and maintained to the 100-year
of event (water surface plus 3 feet of freeboard).

Application - Most new levees, including setback levees (e.g., Soldiers Home, Calistoga
setback levees) and in urban areas (e.g., city centers, high density residential) such as Puyallup,
Sumner, Pacific, and Orting, not including the Lower Puyallup River.

200-Year Event: Levees are designed to be structurally sound and maintained to the 200-year
event (water surface plus 3 feet of freeboard).

Application - Lower Puyallup River from the river mouth at Commencement Bay to its
confluence with the White River (RM 0-10.4), including the cities of Tacoma, Fife, and Puyallup,
and parts of unincorporated Pierce County. This could include an extensive setback levee
along North Levee Road or some other approach.

Maintenance of Infrastructure: This can be achieved through actions performed to maintain
the structural characteristics as they existed prior to damage.

Application - Rural (low density residential) and open space areas, agricultural areas, areas of
salmon spawning and rearing (particularly for listed species, including Chinook, steelhead, and
bull trout). This is proposed for all levee reaches not in the Lower and Middle Puyallup, Lower
White River, or Orting area.

Preservation of Infrastructure: Maintain the existing alighnment and infrastructure, and may
include improvements to the structure to increase its resistance to future damages and reduce
flood risk. Changes may include upsizing toe or face armoring or reducing the slope of the
riverside face to add stability. Preservation actions do not include changing the location of the
alignment or raising the elevation of the levee profile.

Application - Existing levees in the Middle Puyallup River reach between RM 12.0 and 17.4;
this is an urban/rural transition area, with higher value agricultural areas and some Chinook
and steelhead spawning.

Prevention Design: Revetment design and river channel management is carried out to
prevent channel migration and significant riverbank erosion. This is typically where there is no
room for retreat and there is a life-line roadway that must remain open. There is a
commitment (if practical) to put the river back in its pre-damaged alignment if the revetment
fails. Designs might include large toe/facing rock, large woody material, bio-revetments, and
engineered log jams.

Application - Revetment at the entrance to Mount Rainier National Park, the only year-round
access road (SR 706) to Mount Rainier.
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® Resistance Design: This strategy maintains current revetment conditions. Revetment design
and river channel management is carried out to resist channel migration and riverbank
erosion. There is no commitment to “put the river back” if the revetment fails; a revetment
repair might be constructed along the new location of the riverbank, depending on river
conditions and channel migration zone mapping. However, the reconstructed revetment may
use larger armoring rock or other design features to minimize the risk of future failure as well
as reduce future maintenance and repair needs.

Application - Applies to all revetments along the Puyallup, Carbon, and White Rivers not
designated as prevention design or proposed for conversion to a levee for flood risk reduction.

Design and Management Strategies programmatic recommendations are provided in Table 5.27.

Table 5.27. Design and Management River Strategies Programmatic Recommendations

O

Timeline

Action

Conduct a system-wide conditions
assessment for each reach in Pierce
County. This assessment would help
determine the condition of the flood
control infrastructure owned by
Pierce County. This assessment would
include factors such as channel
capacity, type of infrastructure, and
structural integrity.

Lead
Department

Planning and
Public
Works—
SWM

Partners

City of Fife, City of Puyallup, City of
Orting, City of Tacoma, City of
Sumner, U.S. Army of Corps of
Engineers, Puyallup Tribe of Indians,
Muckleshoot Tribe, Washington State
Department of Transportation, Pierce
County Maintenance and Operations

O

Develop design standards for flood
risk reduction infrastructure that
would describe how infrastructure
should be constructed or
reconstructed if altered.

Planning and
Public
Works—
SWM

City of Fife, City of Puyallup, City of
Orting, City of Tacoma, City of
Sumner, U.S. Army of Corps of
Engineers, Puyallup Tribe of Indians,
Muckleshoot Tribe, Washington State
Department of Transportation, Pierce
County Maintenance and Operations,
Port of Tacoma, and the various
railway companies in Pierce County

O

Build a culvert and discharge pipe
inventory

Planning and
Public

Works -
Maintenance
and
Operations

City of Fife, City of Puyallup, City of
Orting, City of Tacoma, City of
Sumner, U.S. Army of Corps of
Engineers, Puyallup Tribe of Indians,
Muckleshoot Tribe, Washington State
Department of Transportation, Pierce
County Planning and Public Works—
SWM, Port of Tacoma, various
drainage districts in Pierce County

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Lead

Timeline Action Department Partners

DO0®

Ongoing Near Term Mid Term Long Term

5.11.2 Levee Asset Management

Pierce County has developed a Rivers Asset Management Program (RAMP) to ensure that all
levees, revetments, and related appurtenances are properly maintained. The program includes
annual condition assessments, a coordinated plan for inspecting and repairing the facilities during
high flow events (Rapid Damage Assessments), and standard operating procedures for
maintenance and preservation activities. Currently 27 levees are enrolled in the PL 84-99 program
overseen by the U.S. Army Corps of Engineers (Corps). The program is voluntary where, if Pierce
County maintains their enrolled levees to the standards defined for the program, the Corps will
assist the county with flood damage rehabilitation, provide emergency assistance and assist with
emergency preparation activities. To obtain help from the Corps, Pierce County must maintain
eligibility through a verification process conducted on a semi-annual basis known as a Continuing
Eligibility Inspection. For a facility to be eligible in the PL 84-99 program, an inspection rating of
“acceptable” or better must be reached. Overall management of the physical aspects of the flood
risk reduction system are maintained with a unified approach following similar maintenance
practices for levees and revetments.

Asset management specialists conduct condition assessment inspections each year between
December and March, when there is typically less vegetation coverage from deciduous trees,
shrubs, and grasses, as well as low water conditions which allow for better visual inspection on the
structure face and toe. Drone inspections like the one shown in Figure 5.8 are conducted in areas
that are difficult to access, or permissions are not granted by the underlying parcel owner. In
addition, culverts/discharge pipes are visually inspected annually, and video inspected once every
five years.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 5.8. Carbon River Right Bank, Milepost 1.0

: " ng’c'}}‘c!

Deficiencies are identified and collected with geospatially referenced points, lines, or polygons,
representing the type/size/location as well as the assessment rating criteria. Pierce County rates
deficiencies on a 0 to 9 condition-rating scale. A score of zero means there is no deficiency. A score
of one to three means a deficiency is present but it does not affect the performance of the asset at
the time of inspection. A score of four to six means a deficiency is present and requires work to be
completed. The work to fix the deficiency is of lower importance but should be completed prior to
the next assessment. A score of seven to nine means a deficiency is present and requires work to
be completed as soon as possible. In addition to inspecting for the deficiencies, mitigation items
are also assessed during the annual condition assessments: gravel bar planting opportunity,
revegetation needs, mitigation/enhancement plant failure, and identifying locations for mitigation
opportunities to add large woody material (LWM) associated with summer repair work.

All non-structural deficiencies are automatically placed on a work order map, which is a spatial
representation of all work requests in Pierce County. They are organized into work orders such as
mowing, culvert/discharge pipe cleaning, or access road grading. After the work is prioritized by
the Maintenance Program Manager based on deficiency type, severity of the deficiency, size of the
deficiency, and if access or encroachments are affected, it is placed on the maintenance schedule
and assigned to the maintenance crews.

Structural deficiencies are analyzed by the Engineering team and evaluated for inclusion in the
annual structural repair program as seen in Figure 5.9. Engineers prioritize the work based on
severity, extent, and risk. Collecting the data geospatially allows for our county's maintenance
department to supply a higher-level risk analysis of the system. This data is also coordinated with
flood risk maps, public infrastructure, development patterns, demographic data and current or
evolving river conditions. The resulting repairs are designed with guidance from engineers,
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biologists, regulatory agencies, operations staff, and Integrated Streambank Protection Guidelines
(WDFW 2003) to help include consideration of habitat mitigation, risk, and constructability.

Figure 5.9. Carbon River, Alward Road at Fish Ladder
“7_ i;p & d .

As shown in Figure 5.10, 220 linear feet of bank erosion was repaired due to bank erosion that
was threatening 177th Street East.

Figure 5.10. Carbon River Left Bank, Milepost 0.4, Before and After 2020 Repair

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Deficiencies that are found to be below the threshold requiring maintenance activity will be
reevaluated the following year or will be placed on an On-Going monitoring schedule. Deficiencies
not addressed by the general standards will be corrected through specific structural solutions,
some of which may require additional research and analysis. When the time needed for these
efforts’ delays implementation of a corrective action, applicable Interim Risk Reduction Measures
will be identified, developed, and deployed. Interim Risk Reduction Measures include engineering
investigations, comprehensive floodplain management, or flood warning and emergency
evacuation protocols. The intent is to prevent further deterioration of the system while specific
solutions are developed and implemented. Pierce County engineering staff will monitor these
locations and perform regularly scheduled condition assessments and track changes to decide
whether the segment deficiency merits a higher priority for correction. If condition assessment
trends over time show deteriorating conditions and the need for extensive and costly repairs, a
recommendation is made to the Capital Improvement Program for further investigation.

Levee asset management programmatic recommendations are provided in Table 5.28.

Table 5.28. Levee Asset Management Programmatic Recommendations

Timeline Action Lead Department Partners

Develop annual report of Pierce County Maintenance

deficiencies in a shareable and and Operations

consumable format.

Develop a workgroup to update Pierce County Maintenance Cities,

drainage/ riverine infrastructure and Operations, SWM other Pierce County

data. This workgroup would also Departments

create a data portal.

Develop a levee vacation plan. Pierce County SWM Pierce County
Maintenance and
Operations

Develop a risk assessment map Pierce County Maintenance

based on inundation area of the and Operations, SWM, and

damaged segment of levee. IT Spatial Services

Conduct a geotechnical analysis of  Pierce County Maintenance Puyallup Tribe

the levee prism to include the and Operations, SWM, and

structural integrity of the concrete  U.S. Army Corps of Engineers
panels, and profile analysis for

clelele

Ongoing Near Term Mid Term Long Term

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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5.11.3 Flood Risk Reduction Infrastructure Assessment

Pierce County owns, operates, and maintains over 70 miles of flood risk reduction facilities (levees
and revetments) made up of 84 segments on four major rivers systems (Puyallup, White, Carbon,
and Nisqually). Managing these facilities at their lowest life cycle cost requires a systematic
approach. Pierce County has a comprehensive asset management program, which provides a
mechanism to make informed decisions based on data collection and analysis. Staff conduct
annual condition assessments to determine the appropriate level of action necessary to maintain
the infrastructure. The primary focus has been on the maintenance of the existing infrastructure
to maintain a specified “level of design,” with the aim of restoring a structure back to a defined
“level of protection.” In other words, maintenance is typically taken as a restorative action. On the
other end of the spectrum are improvements, most of which are undertaken to improve the
overall performance and reliability of a structure. Improvements are designed in the form of
setback levees or revetments. This approach not only replaces a deficient structure but also
improves flood protection and supplies additional multiple benefits.

For situations where the costs outweigh the benefits of setting a structure back from the active
river channel, a different asset management approach is necessary—preservation. If there is still a
need for flood risk reduction structures, but options are limited, the best approach is to preserve
the existing alignment and perform improvement actions to the existing infrastructure or rebuild
it in its entirety. However, on a case-by-case basis, some variation is necessary to address the
method to reduce flood risk. Most of the time a replacement structure can be designed and
constructed using modern techniques to build a better structure than existed before, as well as
supplying improvements for aquatic habitat. The result is reduced flood risk, improved confidence
that the structure will withstand flooding, and a more reliable facility.

Pierce County does not have an official policy for the preservation of flood risk reduction
structures. County staff have completed several preservation projects and attempted to develop a
rationale for such actions in the 2017 Pierce County System Wide Improvement Framework plan.
However, the intent of this discussion is to develop a recommendation for creating a procedure to
include in the future management and upkeep of the County's flood risk reduction facilities.
Developing this procedure would inform the current asset management program. This 2023 Flood
Plan recommends that Pierce County SWM and Maintenance and Operations formally develop a
preservation program as well as a flood risk reduction facility safety program. Having a system-
wide analysis would provide Pierce County with the additional information needed to assess the
useful life of the flood risk reduction structures.

Table 5.29 presents the programmatic recommendations for flood risk reduction infrastructure
assessment in Pierce County.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Table 5.29. Flood Risk Reduction Infrastructure Assessment Programmatic Recommendations

Timeline Action Lead Department ETRG TS
Develop a design standards manual Planning and Public Pierce County
for county flood risk reduction Works—SWM Maintenance and
facilities. Create standards and cross Operations, Department
sections for specific river reaches. of Emergency

Management, cities in
Pierce County, Planning
and Land Services

Develop rock-sizing methodology that ~ Planning and Public U.S. Army Corps of
applies to Pierce County rivers. Works—SWM, Engineers Silver Jackets
Maintenance and
Operations

Create a map of what the level of Planning and Public TBD
design should be (in the future) for our Works—SWM,
infrastructure projects. Maintenance and
Operations

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
TBD = to be determined

5.11.4 Levee Accreditation and Levee Certification

Pierce County owns and maintains many levees along the lower 10.4 miles of the Puyallup River,
the lower White River within the Sumner city limits, and the left bank of the Carbon River and the
right bank of the Puyallup River surrounding Orting. However, there are no levees that are
certified or accredited in the county. The terms “Levee Accreditation” and “Levee Certification” are
often used interchangeably and are often confused. Levee Certification is the process that
specifically addresses the physical aspects of the structure. It looks at how the structure was
constructed and designed, and if the structure meets the requirements of 44 CFR Section 65.10
(mapping of areas protected by levee systems). If a levee owner wants to have their structure
certified, they must supply documentation that the design of the levee meets the construction
standards for a one percent annual chance flood. Levee Certification does not guarantee
performance, and it is still up to the levee owner to ensure that the levee is working properly.

To have a levee become an accredited levee, it must first go through the levee certification process
and there must be an adopted operation and maintenance plan for the levee. Levee accreditation
also only applies to levees with a level of service 100 years or more. Having an accredited levee
supplies risk reduction to at least the one percent annual chance flood and shows the area behind
the levee at a moderate risk. This is reflected on FIRMs, and policy owners will notice a change in
their flood insurance premiums.
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Levee accreditation is based on a snapshot in time when the levee is constructed. A levee could
meet the criteria of being “accredited” on the day it is certified but within a short time span could
be quickly out of compliance due to a storm event or aggrading river. The obligation is then on the
community to continue to monitor and modify the structures in the system to ensure they supply
the level of risk reduction that is inferred by the accreditation process. Levees work as a system—
any modification to one part of the system has an impact across the channel as well as upstream
and downstream. Currently, Pierce County currently has no levees that are accredited.

In 2011, the USGS completed a study of sediment delivery by river to Puget Sound using existing
data (USGS 2011). This study concluded that river systems that start on glaciated volcanos, like
Mount Rainier, deliver 13 times the sediment load of other rivers. Sediment data available for
Puyallup and Nisqually Rivers was collected between 1964 and 1966. Significant flood events and
other mass wasting events have occurred since then, and the estimated sediment discharge for
the rivers today is exponentially larger than the estimated annual 1.1 million tons in the 1960s.

The amount of bedload, or the sediment that settles to the bottom of the riverbed, is what affects
the carrying ability of the river, and it continues to increase. The USGS collected data between
1984 and 2009 documenting aggradation in the Puyallup, White, and Carbon Rivers. Totals, as
measured by changes in average channel elevation, were as much as 7.5, 6.5, and 2 feet on the
Puyallup, White, and Carbon Rivers, respectively. In the Orting area, there has been significant
aggradation of the riverbed between 2006 and 2016, which resulted in the loss of freeboard for
the newly constructed Soldiers Home Levee and the Jones Levee.

Improvements in technology make it easier and less expensive to monitor riverbed elevations.
Starting in 2020, Pierce County began collecting low level LiDAR imaging of its river systems. This
information is collected and analyzed on a 3-year cycle, which allows the county to make decisions
about the size of new levees or necessary maintenance activities to keep up with aggradation.

Pierce County will not pursue levee accreditation with FEMA for the levee system along the
Nisqually River for the foreseeable future based on development patterns. The county will decide
at the time of construction if it should proceed with levee accreditation for levees along the
Puyallup, White, and Carbon Rivers.

More information on levee certification and accreditation can be found online:

® |evee Certification versus Accreditation:
https://www.mvk.usace.army.mil/Portals/58/docs/LSAC/LeveeCertification.pdf

® Statewide Levee Inventory and Flood Protection Study: Report on Certification and
Accreditation: Sediment Load from Major Rivers into Puget Sound and its Adjacent Waters:
https.//pubs.usgs.gov/fs/2011/3083/pdf/fs20113083.pdf

® Channel-Conveyance Capacity, Channel Change, and Sediment Transport in the Lower
Puyallup, White, and Carbon Rivers, Western Washington:
https.//pubs.usgs.gov/sir/2010/5240/pdf/sir20105240.pdf
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Table 5.30 presents the programmatic recommendations related to levee certification and
accreditation.

Table 5.30. Levee Certification and Accreditation Programmatic Recommendations

Timeline Action Lead Department Partners

All levees will be built to meet or Planning and Public Works— USACE, TBD
exceed Corps certifications SWM
standards.

The decision to seek accreditation of  Planning and Public Works— TBD
a new levee should be made at the SWM, Pierce County Executive
time of construction.

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
TBD =to be determined

5.12 Flood Education, Flood Warning, and Emergency Response

5.12.1 Flood Education and Outreach Program

Flood hazard education and outreach is an important and low-cost tool that can increase
awareness and motivate actions that improve public safety, reduce flood and channel migration
risks, and protect natural floodplain functions.

With a coordinated and comprehensive education and outreach program, residents are more
aware of the resources available to (1) make informed decisions about property purchases and
land use, (2) be prepared for flood events, and (3) know what to do during and after a flood. Pierce
County's flood education and outreach program web page provides information on flood
preparedness trainings, the flood warning system, technical assistance to flood-related inquires
from the public, and information on local fairs and outreach events for Pierce County residents
living in and around floodplains. To further meet this 2023 Flood Plan goals, a more
comprehensive education and outreach program should be developed and implemented.

Community Rating System Outreach Criteria

The CRS provides credits for education and outreach activities. The CRS credits messages that
clearly state what the audience should do (e.g., “Turn around, don’t drown” or “Get a floodplain
permit from ... ") or that provide some basic information with a note on where to get more
information (e.g., “You may live in a floodplain. Find out by calling 555-1234" or “Information on
ways to protect your property from flooding can be found at
http://piercecountywa.org.3495/Flooding).”
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There are six priority topics that the CRS wants to see delivered:
* Know your hazards

® Insure your property for your flood hazard

® Protect people from the hazards

® Protect your property from the hazards

® Build responsibility

® Protect natural floodplain functions

The number of homeowners and individuals purchasing and maintaining flood insurance is low in
Pierce County. The CRS program has an activity to improve flood insurance coverage in
communities. Credit is given for performing a comprehensive assessment of insurance coverage,
developing a program to make improvements, and monitoring the results of the program. Pierce
County should continue to conduct education and outreach to residential and commercial
property owners impacted by revised flood insurance coverage requirements.

5.12.2 Flood Warning

Flood forecasting is not an exact science, and the forecast of peak river flows and stages often
change throughout a flood event. The National Weather Service (NWS) identifies frontal storm
systems out in the Pacific Ocean that could result in flooding days in advance of reaching the
Pacific Northwest coast. The NWS also provides river peak flow forecasts early on in the
development of a storm system. As the storm system moves landward into western Washington,
the NWS issues updated river forecasts that typically refine the original forecasts when more data
is available. Updated forecasts continue to be released throughout the storm and flood event, in
which forecasted peaks continue to change. This complicates the planning and response efforts of
emergency managers because decisions regarding public safety need to be made ahead of time,
prior to the onset of flooding.

When the NWS issues river peak flow forecasts, they do not provide much indication on the
confidence or probability of the forecasted peak. Further research and development of the
technology to provide probabilistic river forecasts would be quite beneficial to emergency
managers and responders. This would provide more confidence in the NWS forecast data.
Otherwise, emergency personnel are left speculating and deriving their own conclusion as to the
confidence and accuracy of the forecast flow data.

Making decisions on when to evacuate an area due to flood risk is extremely challenging given the
uncertainty of forecast information. Pierce County SWM serves as the subject matter expert when
it comes to flooding in the county. SWM provides information to Pierce County Department of
Emergency Management and first responders to allow them to make an informed and timely
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decisions. With this being said, there is a need for better tools and information in order to provide
credible evacuation notices and gain the public’s trust.

Flood Warning System

Pierce County has flood threats from river flooding, urban flooding, coastal flooding, and
groundwater flooding. Significant flooding that threatens life is principally in the river corridors.
Pierce County rivers are short and steep and reach tidal Puget Sound about 50 miles away from
their source. Major flooding is associated with “atmospheric river” weather events that create flash
flood events and usually see rivers crest within 24 to 48 hours from the initial tropical moisture
coming ashore. The NWS Seattle office sends out notices and weather briefings up to seven days
in advance of an approaching atmospheric river. By three days out, the approximate west coast
target becomes clearer as does the forecasted rain intensity. Dam operators are notified and,
when available, lower reservoir pools in advance. Websites get updated with daily briefings, River
Forecast Office and Advanced Hydrologic Prediction Service river crest forecasts are analyzed for
expected impacts; maintenance crews will be notified to start shifting their hours to have a 24-
hour crew available; and material is prepositioned.

One day out, the focus of the band of intense rainfall takes shape (note an atmospheric river can
deliver a Mississippi River's worth of rainfall in a band 20 miles to 100 miles wide), and low-lying
area hot spots are directly contacted to be ready for a flood. When the rain begins, USGS
telemetry gauges are continuously checked and NWS Observation data and Snow Telemetry
Network (SnoTel) snow pack data are checked hourly for cumulative precipitation and any
additional runoff from the warm tropical moisture unravelling the mountain snow pack.
Automatic text message alerts are sent when the river gauges get to preset thresholds. County
staff and emergency partners are connected and informed through the Pierce County Warning,
Alert, and Response (PCWARN) network and by logging into the WebEOC portal. When
overtopping is expected, reverse 911 calls and Pierce County (PC) Alert calls (PC Alert messages go
out to people who preregistered to receive direct notification, which is especially necessary if they
do not have a land line) are sent out and emergency services are coordinated to go to the
neighborhood(s) to encourage any called evacuation. Sandbagging and flood fighting is
coordinated between the Emergency Operations Center and the County Maintenance Operation
Center. When local forces are not enough, the Corps and state assistance will be requested.

Pierce County collaborates with the NWS to create threat assessments
for each forecasted flood threshold on the multiple Advanced
Hydrologic Prediction Service forecast sites. These are further
cu§tomized to be seen in flow (cfs) or stage (FT), depending or‘1 the height (in feet) of the
unique threat that the channel morphology has for the area (i.e., river reach in which the
sometimes stage is a better indicator of risk, and sometimes it is gauges is located.
volume).

FT
FT refers to the gauge

Coastal flooding events are associated with king tide events combined
with atmospheric low-pressure systems. Each year a cycle of King Tides will occur in each winter
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month for a 1-week period. Public notices are sent out for each in advance of the forecasted king
tide, with special attention given in the days ahead of each event for the forecasted weather
systems and wind direction. Puget Sound shoreline has waterfront facing each cardinal point of
the compass. Typically, only wind-driven waves coming from the quadrant facing a structure will
cause damage.

Real time information on river flows and stage (water levels), SnoTel data, and observed rainfall
sites during flood events are critical to inform the public, emergency personnel, and agencies in
making evacuation and emergency response decisions. Flood forecast information provided to
Pierce County focuses on a prediction of flood flows. This information then must be further
interpreted to determine the potential impacts on Pierce County residents. Higher flood flows
result in higher water elevations, depending on the characteristics of the river, which can be highly
variable. Flood elevations can then be used to forecast which portions of the floodplain will be
inundated.

Pierce County has a four-phase flood warning system, see Table 5.31 below.

* Phase 1: Action Flow: no flooding is occurring; however, river flows may be at an elevated flow
stage.

® Phase 2: Minor Flooding: minor flooding is likely to occur. Low-lying areas and pasture may
flood due to rivers or streams overtopping their banks.

®* Phase 3: Moderate Flooding: moderate flooding is likely to occur. Adjacent property may be
flooding and have more dangerous high-velocity flow and debris.

®* Phase 4: Severe Flooding: severe widespread flooding is likely to occur. Dangerous high-
velocity flow, debris, and deep water may be associated with severe flooding.

For additional information on the four phases of flooding, please see Appendix F.

Table 5.31. Four Phase Flood Warning Systems for River Systems in Pierce County

River System (location) Phase 1 Phase 2 Phase 3 Phase 4
Lower Puyallup River Less than 35,500- 45,000-50,000 Greater than
(Puyallup gauge) 35,500 cfs 45,000 cfs cfs 50,000 cfs
Middle Puyallup River Less than 20,000- 30,000- Greater than
(Alderton gauge) 20,000 cfs 30,000 cfs 45,000 cfs 45,000 cfs
Upper Puyallup (Orting Less than 10,000- 13,500-16,000 Greater than
gauge) 10,000 cfs 13,500 cfs cfs 16,000 cfs
Carbon River (Fairfax 5,000-7,500 cfs 7,500-9,500 cfs  9,500- Greater than
gauge) 12,500 cfs 12,500 cfs
Upper Carbon (Fairfax 5,000-7500 cfs 7,500-9,500 cfs  9,500-12,500 Greater than
gauge to MRNP) cfs 12,500 cfs
Lower White River 5,000 cfs 5,000-7,500 cfs  7,500- Greater than
(Auburn gauge) 12,000 cfs 12,000 cfs

Pierce County 2023 Comprehensive Flood Hazard Management Plan

5.54
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 172 of 8




Chapter 5: Programmatic Recommendations

River System (location) Phase 1 Phase 2 Phase 3 Phase 4
Upper White River Less than 10,000 10,000~ 15,000- Greater than
(above Buckley gauge) cfs 15,000 cfs 20,000 cfs 20,000 cfs
Middle Nisqually River 10,000- 14,700- 23,200~ Greater than
(McKenna gauge) 14,700 cfs 23,200 cfs 26,500 cfs 26,500 cfs
Upper Nisqually River Less than 10,000- 15,000- Greater than
(National gauge) 10,000 cfs 15,000 cfs 20,000 cfs 20,000 cfs
South Prairie Creek Less than 4,000-5,500 cfs  5,500-8,000 cfs Greater than 8,000 cfs
(South Prairie) 4,000 cfs

Notes:
cfs = cubic feet per second
Table 5.32 presents the programmatic recommendations for flood warnings.
Table 5.32. Flood Warning Programmatic Recommendations
Timeline Action Lead Department Partners

O

During flood events, Pierce County will
continue to use all information sources
to evaluate the risks. These sources
could include NWS flood information
bulletins, advisories, watches, and
warnings as well as coordinating with
dam operators of Alder Dam and
LaGrande Dam.

Pierce County

National Weather
Service, Pierce County
River Watch, Tacoma
Public Utilities, Corps
Dam Operations
center, NRCS, Cascade
Water Alliance

O

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Pierce County should coordinate with
and disseminate information to local
Public Safety Answering Points
concerning flood advisories, watches
and warnings, and conditions as they
become available. When required,
Pierce County should work with the
NWS to alert the public of imminent
flooding through various methods,
including National Weather Radio,
Pierce County Alert, and when
necessary, door-to-door notification. In
portions of the Puyallup Valley, Pierce
County should use the audible voice

feature of the lahar warning All Hazards
Alert Broadcast sirens and the AM 1580

emergency radio station.
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Timeline Action Lead Department Partners
Work with the cities and adjacent Pierce County Pierce County SWM;
counties to coordinate the definitions of Emergency Pierce County
the four phases of activation, flooding, Management Maintenance and
and emergency response. Operations; cities of

Pierce County, King
County, Mason County,
Lewis County, Kitsap
County and Thurston
County; WSDOT; other
emergency response
partners

Pierce County should maintain mapping Planning and Public TBD
for selected nominal flows with the Works—SWM

most up to date information on

inundation mapping for each river

system. Pierce County should work with

local partners to develop protocols or

criteria to guide when evacuation

procedures should be implemented.

Outreach effort to educate the public Planning and Public Pierce County
on the four phases of flooding. Works—SWM Emergency

Ma Iage e t, Fie|ce

County Maintenance
Ongoing Near Term Mid Term Long Term

Canla )
-

“a

and Operations

Notes:
TBD = to be determined

Monitoring Gauges

Pierce County uses a broad range of gauges to predict and monitor flow levels, including river and
stream gauges, rainfall gauges, SnoTel (snowpack) gauges, groundwater wells, and National
Oceanic and Atmospheric Administration tide gauges. An analysis of the current network of
gauges should be performed to get a better understanding of the gaps in the system and where
new gauges could be placed. This analysis would allow Pierce County SWM and other departments
within the county to better understand and respond to potential flooding locations. This system
should be resilient with built-in redundancy, so if a gauge fails, there are still reliable data available
to make decisions.

The USGS monitors 33 gauges in the planning area on the Puyallup and Nisqually river systems for
river flow and/or stage that are used for flow tracking and response. There are eight gauges
located in the Nisqually watershed and 25 are located in the Puyallup watershed. Altogether, there
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are a total of 26 gauges, supported by Pierce County, King County, Puget Sound Energy, Tacoma
Power, Cascade Water Alliance, and the City of Puyallup.

Programmatic recommendations for monitoring gauges are presented in Table 5.33.

Table 5.33. Monitoring Gauges Programmatic Recommendations

Timeline Action Lead Department ETRG TS
Pierce County SWM should continueits  Planning and Public USGS, U.S. Army Corps
joint agreements with the USGS to Works—SWM of Engineers, National
monitor river stage and flow at USGS Park Service, adjacent
gauges on major rivers in Pierce County. counties, local cities and
A new gauge should be added on the towns
Carbon River in the Orting vicinity.
Collaborate with the NWS to assist with  National Weather Pierce County SWM
climatic gauge station installations so Service

that the NWS can develop and
implement new technology for more
accurate river flooding forecasts.

An analysis should be conducted of new Planning and Public USGS, U.S. Army Corps

technologies that may open up new Works—SWM of Engineers, National

opportunities to install gauges that have Park Service, adjacent

been traditionally difficult to sustain. counties, local cities and
towns

DO0®

Ongoing Near Term Mid Term Long Term

5.12.3 Flood Evacuations

As rivers approach flood stage and threaten to overtop infrastructure (as shown in Figure 5.11), it
may become necessary to send out warning and evacuation notices to residents informing them
of the risk. The decision to evacuate is a voluntary and individual decision. Pierce County strives to
provide timely information for the public and first responders to make informed decisions on
evacuation plans. The county will deliver up-to-date incident information, to inform the public of
the necessity to evacuate. The more individuals understand the flooding problems and risks in
advance, the better informed they will be in making life safety decisions.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

5.57
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 175 of 8




Chapter 5: Programmatic Recommendations
Figure 5.11. Former Del Rio Mobile Home Park 1996 Viewed from 96th Street East Bridge
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This should be based on various river stages and flows at different gauge locations. Some flood-
prone areas are impacted by lower stages of river flow, while others are more impacted at higher
flow stages. This will likely require a more detailed investigation and hydraulic analysis to
determine these relationships. Ultimately, a Stage-Flow versus Evacuation rating or chart could be
developed. Depending upon actual conditions, this could be a useful tool for evacuation planning
and decision-making purposes. The flood inundation mapping that was completed in 2022 (see
Appendix F) will add additional information that will help Pierce County Department of Emergency
Management and first responders on when and where to issue community warnings and
evacuations.

Pierce County has 10 high hazard dams that could directly affect communities (Washington State
Department of Ecology, Dam Safety Office 2020). Pierce County’s 2020 Hazard Identification and
Risk Assessment (HIRA) plan (Pierce County 2020) describes these hazards and expected impacts
along with maps and figures that show the inundation area, timing, and depth of potential flood
due to a dam failure. Pierce County’s Department of Emergency Management duty officer
standard operating guidance gives direction for actions to be taken.

Table 5.34 presents the programmatic recommendation for high hazard dams.
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Table 5.34. High Hazard Dams Programmatic Recommendations

Timeline Action Lead Department ETRG TS
Develop a public outreach Pierce County Emergency Pierce County SWM,
program that addresses dam Management Pierce County Maintenance
safety in Pierce County. and Operations, dam
operators

DHDO0W®

Ongoing Near Term Mid Term Long Term

5.12.4 Emergency Response

Central coordination, communication, and well-established protocols are necessary components
of an effective and timely emergency response to flooding. Local governments, agencies,
emergency personnel, and the public all benefit from an approach with defined roles and
responsibilities and clear expectations. In the absence of these features, roles may overlap, gaps
in coordination and communication may occur, and emergency response and flood fighting
become less effective.

Some flooding can be minor and localized, while other flooding can be more severe and
widespread. The need to protect both public and private infrastructure becomes necessary during
many flood events. During response to flooding, Pierce County uses a variety of methods to
prevent the advance of floodwaters toward structures or infrastructure. The county encourages
the public to be situationally aware of flood risk and to take appropriate measures to ensure their
safety and protect their property.

Following a flood, a timely and predictable process should be developed and made available to
flood-impacted individuals to guide them through the recovery process. Such a process allows the
public to recover more quickly from flood events and supports broader economic recovery.

Programmatic recommendations for emergency response to flooding are provided in Table 5.35.
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Table 5.35. Emergency Response Programmatic Recommendations

Timeline

Lead Department

Partners

" Pierce County should continue to coordinate flood  Planning and TBD
"‘. response and recovery activities by supporting the  Public Works—
- maintenance and operations of the Pierce County = SWM,

Emergency Operations Center (EOC) and ensuring  Maintenance
that individual departments support its flood- and
related activities by assigning staff to the EOC. The Operations,
county should operate under the guidelines of its  and Pierce
Comprehensive Emergency Management Plan, County
develop or modify existing standard operating Department of
procedures for flood operations within the various Emergency
departments, and ensure that flood response Management
activities are carried out within the parameters of
the Incident Command System and the National
Incident Management System.

" State and federal reimbursement of disaster Pierce County County

“n response expenses require very specific Emergency departments and
documentation. All municipalities that desire Management cities in Pierce
reimbursement of these costs should implement County
standard accounting methods to expedite this
process.

" Pierce County should periodically review and Planning and TBD

'% update its standard guidance and protocols for Public Works—

- emergency flood hazard response to address SWM,

internal and external coordination before, during,
and after conducting emergency response
activities.

Maintenance
and Operations

Protocols should be developed to implement
evacuation procedures and routes in all
floodplains.

Pierce County
Emergency
Management

Pierce County
Maintenance and
Operations, Pierce
County SWM

O, e,

As the threat of potential flooding develops, Pierce
County should continue to monitor the rivers on
scene through the use of the Pierce County River
Watch program and SWM staff at both historical
flood sites and other areas with at-risk structures
in order to provide advance warning of emerging
flood risks.

Pierce County
Emergency
Management

TBD
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Timeline Action Lead Department Partners
I O Pierce County will coordinate the distribution of Pierce County TBD
". sandbags when they are available and may Emergency
- provide sandbags and sand when available to Management
county fire districts and city and town public works
departments. Individuals may request sandbags
from the individual fire district or city/town public
works departments. Property owners are
responsible for placing sandbags and cleaning up
sandbags after a flood event and meeting any
regulations relating to sandbagging activity.
I O Pierce County should continue to support the Pierce County Pierce County
l‘. River Watch Program in support of county flood Emergency SWM
- response activities. Management
Work with King County to develop a flood warning  Planning and King County
system for the Greenwater River. Public Works—
SWM
DO0OW®
$~.
Ongoing Near Term Mid Term Long Term
Notes:

TBD =to be determined

Since 1962, there have been 15 presidential disaster declarations that included flooding in Pierce
County (see Table 5.36). These declarations do not include the many flood responses that Pierce
County has responded to that do not qualify as a federal disaster.

Table 5.36. Federal Flood Disaster Declarations, 1964- 2021

Federal
Flood Disaster Declarations  Notes
DR-185-WA--12/1964 Wide-ranging flooding affected 19 counties in both eastern and western
Washington.
DR-328-WA--2/1972 King, Pierce, and Thurston counties flooding.
DR-492-WA--12/1975 13 counties flooded.
DR-545-WA--12/1977 16 counties were declared. Very heavy rain in the upper Nisqually

watershed caused significant damage.

DR-784-WA--11/1986 Two deaths. $11 million in private property damage and $6 million in
public damage.

DR-852-WA--1/1990 Flooding from a severe storm throughout seven Washington counties.
Stafford Act assistance provided $17.8 million.

DR-883-WA--11/1990 Flooding from severe storm throughout much of Washington 19 counties
declared. Stafford Act assistance provided $57 million.
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Federal
Flood Disaster Declarations  Notes
DR-896-WA--12/1990 Flooding from severe storm and high tides. 10 counties declared. Stafford
Act assistance provided $5.1 million.
DR-1079-WA--11-12/1995 100-year flood at Alderton on the Puyallup River and 50-year flood at
La Grande.
DR-1100-WA--1-2/1996 Three deaths in Washington. Stafford Act disaster assistance provided -

$113 million. SBA disaster loans approved - $61.2 million.

DR-1159-WA--12/96-2/1997 Ice storm, snow, and flood. Stafford Act assistance - $83 million, Small
Business Administration $31.7 million.

DR-1499-WA--10/2003 Severe storms and flooding throughout much of Washington. 15 counties
declared.

DR-1671-WA--11/5-6/2006 Major flooding on the Puyallup, Carbon, White, and Nisqually Rivers.

DR-1817-WA—01/06-16/2009 Flooding from a severe storm throughout much of Washington.
23 counties declared.

DR-4056-WA-1/14-23/2012 Severe winter storm, flooding, landslides, and mudslides. 11 counties
declared.

When heavy rains and flooding are forecasted, Pierce County departments and divisions
coordinate response efforts to address developing needs to protect critical infrastructure and the
public before, during, and after events. For additional information on Pierce County’s flood
preparedness program, visit the county’s flood preparedness web page.

Flood Emergency Drills or Exercises

While every flood that impacts Pierce County has some features in common, changes in staffing
and coordination processes happen continuously; regularly scheduled training ensures that
organizations remain ready to respond effectively. Exercises or drills identify problems, improve
coordination, and make actual response go much smoother. The more a skill is practiced, the
easier it becomes to implement in an actual situation. Repetition is an effective means to
executing and responding to the real event according to plan. Different jurisdictions, agencies, or
organizations are not always familiar with the capabilities, methods, or response orientation of
neighboring jurisdictions or the other agencies involved in a flood response. Being able to work
together, initially in an exercise format prior to an actual emergency, enhances their ability to
respond and work together during an actual flood event.

Pierce County has a long history of flood-related activities by various county departments, much
of which is coordinated with cities, towns, Tribes, and other agencies in the county. Flood
response coordination is typically handled through Pierce County's Emergency Operations Center
(EOC) and the Central Maintenance Facility. These two divisions work cooperatively with other
departments in Pierce County as well as with other local, state, and federal officials. Visit the
Pierce County Emergency Management web page for additional information on Pierce County's
EOC and the Department of Emergency Management.
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Exercises test the effectiveness of emergency response plans so that gaps and deficiencies can be
identified and addressed. These exercises serve to build an environment of mutual support by
building relationships (within other county departments and with our community partners) and
establish points of contact before an emergency. Floods are the leading cause of damages from a
natural disaster annually nationwide. Exercises set a baseline of knowledge and capabilities
against which future exercises and actual events can be compared. Exercises show both strengths
and gaps in the portion of the plan being tested. An after-action review (or debriefing) points out
those areas of the plan and exercises that may need attention. Programmatic recommendations
for emergency drills are provided in Table 5.37.

Table 5.37. Emergency Drill Programmatic Recommendations

Timeline Action Lead Department Partners
Pierce County should continue to carry Planning and Public Pierce County
out a flood emergency exercise involving ~ Works—SWM departments

the various departments active in flood
response on an annual basis. The
exercise should be in compliance with the
Homeland Security Exercise and
Evaluation Program.

Pierce County should coordinate flood Planning and Public Cities in Pierce County;
exercises with the various jurisdictions, Works—SWM, Pierce County

agencies, and organizations typically Emergency departments
impacted by floods. Management

Pierce County should conduct exercises Pierce County Annex  Pierce County SWM,
that practice permit review following a divisions Pierce County Emergency
flood event. Management

DO0®

Ongoing Near Term Mid Term Long Term

5.13 Streams/River Channel Management

5.13.1 River Channel Monitoring

Real-time information on river flows and stage during flood conditions are critical to inform the
public, emergency personnel, and agencies in making evacuation and emergency response
decisions. Flow and stage data also support future modeling efforts and updating of flood
mapping. River channel conditions along the rivers included in this plan are dynamic and require
monitoring to track the aggradation and degradation of the riverbed channels. Tracking conditions
of the riverbeds allows the county to differentiate between long-rising bed elevations and pulses
of sediment that move through the river system.
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Past capital projects, which include levee/revetment construction and repairs, levee setback
projects, and gravel removal projects, have had little or no quantitative monitoring, with the
exception of annual condition assessments. Better information is necessary to track project
outcomes with respect to levee performance, habitat improvements, and river channel
characteristic changes. The programmatic recommendations for river channel monitoring are
shown in Table 5.38.

Table 5.38. River Channel Monitoring Programmatic Recommendations

Timeline Action Lead Department Partners

" Pierce County should update LiDAR or Planning and Public ~ Puget Sound LiDAR
% other equivalent mapping of the entire Works—SWM consortium
“a

river planning area on a 3-year cycle.

Document (using photos) the extent of Planning and Public  Pierce County
flooding and high-water marks along Works—SWM, Emergency
mainstem river corridors (Puyallup, Maintenance and Management

Carbon, White, South Prairie, and upper  Operations
Nisqually Rivers) during major flood

events.

Monitor long-term changes in river Planning and Public ~ USGS, University of
channel conditions on a 7-year recurring  Works—SWM Washington,

basis, including river channel cross- U.S. Army Corps of
sections, flood conveyance capacity, and Engineers, adjacent
sediment transport and deposition on counties

the Puyallup, Carbon, lower White, and
upper Nisqually Rivers.

DO0®

Ongoing Near Term Mid Term Long Term

5.13.2 Management of Large Woody Material

In addition to flood waters and a large sediment load, Pierce County rivers carry an abundance of
LWM during high flow events. These typically originate from landslides or stream bank erosion
upstream or from previously deposited wood in the stream channel or floodplain. Along river
reaches passing through moderately to heavily developed uplands and floodplains, wood
accumulations can cause problems during flood events when logjams form or increase in size, or
if woody material lodges on or adjacent to obstructions such as bridge piers or levees. This can
contribute to lost capacity in the river channel, thus raising water surface elevations and
worsening flooding, or it can result in greater risk of channel migration and river avulsion. Specific
flood-related risks that can result from woody material accumulations include damage to bridge
footings, erosion of stream banks, backwater flooding, and channel migration.
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Wood also plays a major role in habitat and channel-forming processes, by stabilizing stream
channels, accumulating sediment, and forming physical habitat that benefits salmon and other
species. During the last century, logging, wood salvage, forest conversion, and flood control efforts
all contributed to a great reduction of large wood in Pierce County rivers. The extent of wood
removal and the methods used to remove wood from river channels contributed to the
degradation of fish and wildlife habitat, including habitat for species listed as threatened under
the ESA.

From the early 1900s to the 1960s, wood material was trapped in cable nets and removed from
rivers either by hauling and/or burning. Private harvest of wood for use as firewood was also
common. Up to the 1980s, removal of wood from Pierce County rivers was still common as a flood
control and maintenance measure. Wood was routinely removed and or cut-up from above the
water line and within the rivers, where it lodged on critical man-made structures or improvements
(Pierce County 1991).

Since the listing of Puget Sound Chinook salmon as a threatened species and revision of Pierce
County LWM management practices in the mid-1990s, in-channel wood accumulations have
increased significantly. In-channel LWM is known to promote the formation of quality fish habitat,
thus requiring a balance between flood risk reduction and LWM management.

Programmatic recommendations for LWM are presented in Table 5.39.

Table 5.39. Large Woody Material Programmatic Recommendations

Lead
Timeline Action Department Partners
"'L) O Repositioning of LWM from mid-channel bridge piers Jurisdiction  Pierce County
". by Pierce County, Washington State Department of with Department of
= Transportation, cities, and private railways should be impacted Emergency
done in a manner that does not create new flood or bridge Management,
channel migration risks and can be accomplished using Pierce County
techniques that result in the least disturbance to the SWM

river channel and aquatic habitat. Whenever possible,
wood removed from these facilities should be used for
habitat restoration or enhancement projects.

';L) O Work with resource agencies and Tribes to identify river Planning Resource
',. segments that largely function naturally and where and Public agencies, Tribes
- LWM poses little or no threat to public safety or public ~ Works—

infrastructure. LWM in these areas should not be SWM

repositioned or removed, provided it does not pose an
imminent threat to public facilities.

L Carry out project-specific monitoring to evaluate the Project Resource
Y effectiveness of in-river projects. Monitoring will vary Sponsor agencies and
b by project type but should include consideration of Tribes

water surface elevations, sediment erosion and
deposition, hyporheic flow, and habitat elements.
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Lead

Timeline Action Department Partners

DO0W®

Ongoing Near Term Mid Term Long Term

5.13.3 Mainstem Rivers Sediment Management

Since the initiation of the Pilot Gravel Removal Project in 2009, Pierce County has continued to
study the feasibility of sediment removal to reduce flood risk. In 2014, the Sediment as a Risk
Reduction Tool Project began, building on previous work but focused more on public safety and
the reduction of flooding during moderate events. It was conceived to be one in a suite of flood
management strategies, in addition to other flood risk reduction strategies as presented in the
2013 Flood Plan; however, a significant need for shorter-term flood risk reduction tools, such as
sediment removal to aid in reducing flood damages during moderate events that are protective of
valuable habitat and natural resources, were still needed. This is especially the case where
alternative flood risk reduction strategies such as setback levees are not effective or feasible or
could not be implemented for many years.

It was important to choose a suitable site where impacts to resources were minimized and
benefits to existing infrastructure were maximized. Project team members engaged in a nearly
year-long process throughout 2016 to select a site that best met the criteria set early in the
process. The team analyzed 41 miles of Pierce County-managed river systems to look at where
rivers were depositing and storing sediment. The reach that scored the highest in the final analysis
was an approximately half-mile stretch of the Puyallup River between Puyallup and Sumner,
known as Old Cannery Reach. More information on the site selection process can be viewed in the
Habitat and Flood Capacity Creation Project Background and Overview document available at
http://www.ciercecountywa.gov/4487/Habitat-and-Flood-Capacity-Creation-Proj.

Following the site selection, Pierce County met with federal and state agencies to seek feedback on
the feasibility of the concept of sediment removal specifically at the confluence of the Puyallup
and White Rivers. Because of the feedback received during that outreach, Pierce County
reevaluated the purpose of the project, placing more focus on creating new habitat in addition to
mitigating flood risks with sediment removal. The project was renamed the Habitat and Flood
Capacity Creation Project to reflect the multiple benefits resulting from the project. Various efforts
in Pierce County have sought to study whether sediment management could be incorporated as a
flood risk reduction tool. The Habitat and Flood Capacity Creation Project was set apart from these
previous efforts because it incorporated habitat creation in a reach of the Puyallup River where
none currently exists or was degraded with the added benefit of flood reduction.

Technical work for this project location continued into 2018, including design plans and
environmental documentation and permitting packages. However, feedback from the Corps
indicated that the project, as designed, would require additional analysis, design and mitigation

Pierce County 2023 Comprehensive Flood Hazard Management Plan

5.66
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 184 of 8




Chapter 5: Programmatic Recommendations

measures before a permit would be issued. Pierce County evaluated the anticipated level of effort
and the costs associated with permitting the project under this new guidance from the Corps. Due
to the enhanced timeline and costs, the county made the decision to place the project on the
inactive list. Visit Pierce County's Habitat and Flood Capacity Creation website for an overview and
lessons learned summary report.

After the conclusion of the Habitat and Flood Capacity Creation Project, spanning almost 10 years
with a cost of approximately $2 million, Pierce County has determined that it will no longer study
sediment removal as a standalone solution for flood reduction. Future setback levee and habitat
restoration projects could include a sediment removal component, but it will not be the sole
purpose of these projects. With the lessons learned from the project, the county is also willing to
assist other jurisdictions and organizations that wish to pursue sediment removal.

The 2013 Flood Plan included recommendations for sediment management and gravel removal.
Two sites were specifically mentioned for gravel removal pilot projects (116th Street East point bar
gravel removal and Ford levee setback reach gravel removal). More emphasis was given to the
Pierce County Pilot Gravel Removal Project, and the two project locations were not selected. There
are no gravel removal projects proposed in this 2023 Flood Plan.

The mainstem rivers sediment management programmatic recommendations from the 2013
Flood Plan have been revised for this 2023 Flood Plan, as shown in Table 5.40. These revised
recommendations focus on the continued study of sediment transport through the watershed as
well as levee setback projects as the most appropriate way to address excess sediment in riverine
environments.

Table 5.40. Mainstem Rivers Sediment Management Programmatic Recommendations

Timeline Action Lead Department Partners
"L) O Pierce County should pursue levee setback  Planning and Public ~ U.S. Army Corps of
". projects as the preferred means to manage Works—SWM Engineers, Puyallup

- downstream sediment transport. Levee Tribe, Squaxin Island

setbacks promote sediment deposition by Tribe, Nisqually
allowing channel migration, thus increasing Tribe, Muckleshoot
channel length, decreasing gradient, and Tribe, USGS

promoting braiding of the river.

L The Puyallup, White, Carbon, and Nisqually  Planning and Public  TBD
% river systems will have low level LIiDAR Works—SWM
- flown every three years to monitor the

conditions of the riverbeds.
O Pierce County will conduct sediment Planning and Public  TBD

transport study to examine aggradation Works—SWM, USGS
rates in the mid and lower Puyallup River
and the lower White River.
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Timeline Action Lead Department Partners
Site-specific sediment management in Planning and Public ~ U.S. Army Corps of
Pierce County shall be guided by technical Works—SWM Engineers, Puyallup
sediment transport and biological studies Tribe, Squaxin Island
and analysis of resource and habitat Tribe, Nisqually
impacts, and shall consider the dynamic Tribe, Muckleshoot
nature of sediment transport. Tribe, USGS

DO0®

Ongoing Near Term Mid Term Long Term

Notes:
TBD =to be determined
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Chapter 6: Management Strategies and Recommended Capital Projects for

Flood Hazards in Pierce County

Management Strategies and Recommended

Capital Projects for Flood Hazards in Pierce

County

This chapter describes riverine characteristics and management strategies for each of the 11
Pierce County flood hazard sub-planning areas shown on Figure 6.1. For each of these
sub-planning areas, river reach management strategies and capital projects are recommended to

address flood and channel migration risks. The remaining sections of this chapter, which cover

each sub-planning area on Figure 6.1 and urban, coastal, and groundwater flooding, are organized
into the following sections:

Overview

Geology and Geomorphology

Hydrology and Hydraulics

Ecological Context and Salmonid Use

River Management Facilities, Flooding, and Flood Damage
Flow Warning Matrix

Key Accomplishments since the 2018 Flood Plan Update
Land Acquisitions

Flood and Channel Migration Hazard Mapping

Problem Identification

River Reach Management Strategies

Recommended Capital Projects (if applicable)

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 6.1. Pierce County River Sub-Planning Areas
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6.1 Flooding and Channel Migration Problems

Pierce County has identified flooding and channel migration problems for each sub-planning area.

Problems include, but are not limited to, the following:
1. Levee/revetment overtopping or breaching
Tributary backwater flooding

Public safety/emergency evacuation

Channel migration problem areas

Flooding of structures and infrastructure
Sediment/gravel bar accumulation

Facility maintenance and repair needs

© N o v M W N

Floodplain development regulations

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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9. Fish habitat problem areas
10. Public access issues

The list of problems for items 1 through 6 above were evaluated and scored using four criteria
listed below to help prioritize the level of effort to expend on developing alternative solutions. The
maximum points that can be scored for each criteria listed below is 10.

1. Existing land use of affected area (Consequences) - This criterion gives different weights to
different types of land uses affected by flooding including: (1) critical facilities, (2) critical
infrastructure, (3) environmental assets, (4) public infrastructure, (5) commercial or industrial
uses, (6) residential (urban or rural), (7) resource lands, and (8) developed recreational.

2. Severity of potential flood or channel migration impact (Consequences and Severity) - This
criterion is intended to evaluate the type and magnitude of the impacts irrespective of the
scale at which the impact occurred. This includes (1) public safety problems; (2) severe,
moderate, or minor infrastructure or property damage; and (3) inconvenience flooding or
channel migration.

3. Area of impact (Consequences and Severity) - This criterion describes the scale of the
problem. Is the problem impacting a large area or affecting a large number of people, or is it
largely localized? Categories include (1) regional (large scale impacts); (2) major center, large
neighborhoods; (3) moderate (numerous structures or roads impacted); and (4) localized
(affects a few homes or businesses).

4. Frequency of flood or channel migration occurrence - This criterion is used to describe
how often economic and/or structural damage has occurred from flood or channel migration
events. Frequency considers the number of occurrences within the last 30 years. Channel
migration is defined as any significant landward bank erosion. Categories include (1) three or
more occurrences, (2) two occurrences, and (3) one occurrence.

6.2 River Reach Management Strategies

The river systems in Pierce County are highly variable, both from river to river and between
reaches within any given river. Major sources of variability include (1) development and land use in
the adjacent floodplain; (2) presence of “river management facilities”; (3) river channel gradient
and width; (4) presence of salmon spawning and rearing habitat; and (5) sediment transport,
accumulation, or erosion. The combination of these factors has shaped historical river
management by Pierce County.

This 2023 Flood Plan proposes a more dynamic, customized recommended design and
management strategy for each sub-planning area or reach, based on the characteristics noted
above. This includes structural approaches for levee and revetment reaches. Four levee levels of
design and two different revetment designs are available for application by reach or sub-reach.
Additionally, non-structural approaches, such as floodplain development regulations and

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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acquisition/buyout of property or structures, are also proposed for each reach. More detail on the
river management strategies is presented for each of the 11 sub-planning areas below and in
Section 5.11.1, Recommended Design and Management Strategies, in Chapter 5, Programmatic
Recommendations.

6.2.1 Property Acquisitions

Across Pierce County, the Pierce County Planning and Public Works Department, Surface Water
Management Division (SWM) has removed 41 homes, totaling an estimated 120 acres, since 2018.
It is the intent of Pierce County to keep homes, businesses, and infrastructure out of dangerous
floodplain areas and to restore the floodplain to a more natural state to increase the ability of
communities to recover following a flood. For additional information on Pierce County's Home
Buyout and Property Acquisition program, please see Section 5.7, Home Buyouts and Property
Acquisition, in Chapter 5.

6.2.2 Severe Repetitive Loss

SWM has been very active in the last several years purchasing properties in the repetitive loss
areas and removing the structures from the sites. Of the 41 structures demolished since 2018, 8
of these structures were located on six repetitive loss properties.

In 2014, unincorporated Pierce County had 58 repetitive loss properties listed by FEMA. Of these,
31 were unmitigated, two were in different communities within city limits, and 25 had been
mitigated. In 2018, unincorporated Pierce County had 63 repetitive loss properties listed by FEMA.
Of the five additional properties that were added between 2014 and 2018—two were from the
2014 coastal winter storms and three were from the 2015 riverine flooding in the Clear Creek
area. This brings the totals to 45 unmitigated, while the same two properties in other communities
continue to be listed. Due to public disclosure issues, FEMA has been limited in updating Pierce
County with a current repetitive loss list. Pierce County has five primary repetitive loss areas
where many properties have experienced flood losses in the last 20 years: Clover Creek near
Parkland, coastal Dash Point, mid Puyallup River south of Sumner, South Prairie Creek, and Clear
Creek behind the River Road levee. While FEMA has a list of over 60 homes where property
owners had purchased flood insurance to mitigate the cleanup and repair cost, homes will
continue to be added to the repetitive loss list until these areas can be fully mitigated.

6.2.3 Capital Projects

The capital improvement projects recommended within this 2023 Flood Plan are intended to
address flood risk to people and infrastructure by reducing flood impacts and building more
resilient communities. This is a part of SWM's mission to reduce flood damage as well as to protect
and improve water quality and natural resources for the benefit of our communities.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Since the 2018 Rivers Flood Hazard Management Plan, Pierce County staff analyzed ongoing flood
problems in the previous plans and worked with stakeholders during the development of this plan
to create a revised capital project list for the next 10 years.

This list includes ongoing projects to address flooding issues identified in the 2018 Flood Plan
Update. Below is a table that illustrates Pierce County's capital projects that have been carried
forward from the 2018 Rivers Flood Hazard Management Plan along with additional capital
projects that have been incorporated into this plan.

Capital Projects for the 2018 Rivers Flood Additional Capital Projects incorporated
Hazard Management Plan into the 2023 Comprehensive Flood Hazard
Management Plan

Clear Creek Floodplain Reconnection White and Puyallup Rivers Confluence
Property Acquisition

Rainier Manor/Riverwalk/ Rivergrove and SR- Ford Setback Levee

410 Flood Wall and Setback Levee

128" Street Corridor River Improvements Jones Setback Levee

Neadham Road Floodplain Reconnection Carbon River Left Bank Voights Creek to SR-

Orville Road Revetment at Kapowsin Creek 162 to Bridge- Feasibility Study

Butte Pit Setback Levee

Carbon River Setback Leve, left bank near
Bridge Street to upstream of Voight Creek

Carbon River Right Bank Floodplain
Connection

Upper Carbon/Fairfax Road Bank Stabilization

For many of the projects, a multitude of options were considered. However, only those that
provide the best array of anticipated benefits were recommended for inclusion into this 2023
Flood Plan. The cost estimates developed for capital expenditures are preliminary, based on 2023
costs at a conceptual planning level design (approximately 10 percent design level) and the
information available at the time. Projects selected from this 2023 Flood Plan will be included into
the Capital Facilities Plan to advance from the conceptual design planning phase to the
preliminary engineering design phase. Each recommended capital project will be accompanied by
descriptions and graphics to provide a general overview of each project.

Preliminary prioritization of capital projects was carried out by scoring the projects based on nine
criteria—problem criteria 1 through 4 listed above in Section 6.1 and the five project criteria listed
below, which also shows the maximum points per criterion:
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5. Project Effectiveness (maximum 12 points) - This criterion was used to assess the
effectiveness of the proposed project at addressing and solving the problem. Project
effectiveness was categorized as (1) complete solution to identified problem (e.g.,
acquisition/buyout that removes all structures in impacted area); (2) project addresses
majority of identified problem, but some residual risk remains; and (3) project provides partial
or temporary (defined as generally less than five years) solution to the identified problem (e.g.,
temporary super sack sandbags).

6. Phasing and Sequencing of Projects (maximum 5 points) - This criterion was used to assess
the project actions that are phased over the lifetime of the plan. (This 2023 Flood Plan is a
10-year plan).

7. Multiple Project Benefits (maximum 25 points) - This criterion was used to assess the
additional project benefits that would result from project implementation (beyond flood and
channel migration risk reduction).

8. Partnerships and Opportunity (maximum 13 points) - This criterion is used to assess the
partnerships, funding and leveraging issues, land ownership, and project readiness affecting
project implementation.

9. Best Management Practices (BMPs) (maximum 5 points) - This criterion is used to assess
BMPs within the county.

The maximum possible score is 100 points. A maximum of 40 points can be earned in the problem
ranking criteria and a maximum of 60 points can be earned in the project ranking criteria, for a
total of 100 points. Within this chapter, 15 projects were ranked, with scores ranging from a low of
33 up to a high of 69. For each project score, please see the Proposed Capital Project sub-sections
within each major section in this chapter, along with Appendix D.

Included in the capital projects description are icons for each project’s primary benefits. Surface
Water Management designs capital projects to meet as many primary benefits as possible. The
icons for each project benefit are shown below.

Agriculture ‘ Riverine Flooding
Fish Passage @ Urban Flooding

Flood Risk

00O
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Habitat Groundwater Flooding

Water Quality

> X

HCP . .
2_9 Habitat Conservation Plan

This chapter also includes an overview of urban, coastal, and groundwater flooding (Sections 6.14,
6.15, and 6.16, respectively). Those sections describe the hazards in more detail and provide a
summary from meetings that were conducted for each of these three hazards.

6.2.4 Partnerships

Partnerships have become more integral in the work that SWM does, based on the size, scope,
and costs of projects. Developing projects with a multi-benefit approach is imperative to creating a
resilient Pierce County and restoring our floodplains to a more natural and beneficial function.
Table 6.1 demonstrates areas where SWM has partnerships throughout the region.
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Table 6.1. Pierce County Surface Water Management Partnerships 2018-2022

South Puget

Other Non- Pierce Pierce Sound
Floodplains government County County Flood Salmon
Federal For the Organization Conservation Other Control Zone Enhancemen State
River Reach = Agencies Future Lead Entities Local Tribe(s) S District  Jurisdictions District t Group Agencies
Lower X X X X X X X X X X X (MMD)
Puyallup (USGS
gauging)
Middle X X X X X
Puyallup
Upper X X X X (Jones)
Puyallup
Lower X X X X X (MMD)
White
Upper X X
White
Green- X X
water
Carbon X X
South X X X X X X
Prairie
Creek
Middle X
Nisqually
Upper X X
Nisqually
Mashel
River
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6.3 Lower Puyallup River

6.3.1 Overview

The lower Puyallup River begins at its mouth in Commencement Bay at river mile (RM) 0.00 and
continues upstream to its confluence with the White River at RM 10.3, as shown in Figure 6.2. This
river reach covers 59 square miles of planning area. It flows through the cities of Puyallup, Fife,
and Tacoma and portions of unincorporated Pierce County. The bed of the river within the 1873
survey area below the mean high-water mark from approximately RM 1.55 to RM 7.35 is held in
trust by the United States for the benefit of the Puyallup Tribe of Indians (Puyallup Tribe). The
lower Puyallup River was straightened and narrowed with levees and revetments in the early
1900s along both banks to provide flood risk reduction for the lower Puyallup valley.

Five tributaries enter the lower Puyallup River, including Clear Creek and Clarks Creek and smaller
streams such as First Creek (Roosevelt Ditch), Wapato Creek, and Deer Creek. Most of these
tributaries have steep gradients and high-velocity flows in their canyon reaches until they meet
the flat Puyallup River valley floor. Land uses along the lower Puyallup River vary greatly, from
industrial uses near the outlet to Commencement Bay to heavily urbanized within the cities. This
reach also has a wide mixture of agricultural, rural, and commercial uses.

The lower Puyallup River corridor includes extensive areas identified at risk from the one percent
annual chance flood. The lower Puyallup River levees below the Meridian Street Bridge have been
shown to not meet the FEMA standards (44 CFR 65.10) for accrediting them for flood protection.
The initial drafts of the FEMA Digital Flood Insurance Rate Map (DFIRM) (2007 and 2009) show the
extensive flood risk, based on 1998 topography. FEMA had a directive not to update the DFIRM in
areas with non-accredited levees in the 2017 DFIRM and Flood Insurance Study, so the increased
flood risk was “secluded” from the update, which left the area with the old 1980s mapping. There
has been extensive development in the area since 1998 and several substantial flood events, all of
which decrease the understanding of actual flood risk in the area.
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Figure 6.2. Planning Area for the Lower Puyallup River Reach
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6.3.2 Geology and Geomorphology

The lower Puyallup River valley is a broad, low-gradient alluvial plain. Historically, the river was a
complex area of river channels, wetlands, and thick riparian forests (Entrix 2008). Between 1914
and 1930, the river was altered to its present condition by channelization and levee construction
projects, as shown in Figure 6.3. Since construction of the levees, there has been little change in
the river's position, and the threat of lateral channel migration is considered low, as shown in
Figure 6.4. One hundred years ago, the river delta encompassed 5,000 acres of intertidal marsh;
today less than 110 acres remain. Streambed elevation in relation to mean sea level in this
segment varies from minus 8 feet at the mouth to +30 feet at RM 10.3. The average channel
gradient varies from 0.035 percent to 0.06 percent between RM 3.75 and RM 10.3.
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Figure 6.3. Puyallup River Delta, looking Upstream,
Puyallup in the Far Background, 1916 Figure 6.4. Present-day Puyallup River Delta

The river's thalweg (the line of lowest elevation within a river or stream channel) meanders across
the river bottom between the levees throughout this segment, which has resulted in a series of
transient and alternating gravel bars that form and erode over time. Bed materials are primarily
medium and fine sands with minor amounts of gravel. More than 95 percent of the sediment is
less than one millimeter in diameter. The median particle diameter is 0.35 millimeter (medium
sand) (Tetra Tech 2009).

Analysis by the USGS as part of a sediment transport study funded by Pierce County (USGS 2010)
indicates an average riverbed elevation change of -0.5 feet to nearly +2.0 feet between 1984 and
2009, from the mouth at RM 0.0 to approximately RM 8.5 (see Figure 6.5). Upstream of RM 8.5 to
the confluence with the White River at RM 10.3, sediment deposits increased the bed elevation
between +0.5 feet to +3.5 feet.
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Figure 6.5. Changes in River Bed Elevation, Puyallup River
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6.3.3 Hydrology and Hydraulics

The lower Puyallup River watershed contains 106 square miles of tributary area, which is
approximately 10 percent of the 948 square miles of the entire river watershed. The primary
period of runoff and major floods typically extends from October through March. Since 1948, Mud
Mountain Dam on the White River has provided a mechanism for flood control on the lower
Puyallup River. The dam is operated by the U.S. Army Corps of Engineers (USACE) and provides
storage of up to 106,000 acre-feet of water. The USACE is currently operating the dam under a
revised water control plan in consideration of the loss in channel capacity and resulting elevated
flooding concerns for the Sumner/Pacific reach along the lower White River.

The lower Puyallup River is a highly modified and managed reach of the river, so it does not fit
standard statistical methods of estimating discharge. Flow data are available for 1906 and 1915-
1947 for natural flows, and flow estimates are calculated for selected events since the dam was
built. These data fit a mathematical curve, suitable for adjustment based on the Mud Mountain
Dam Water Control Plan and extrapolating to rare events, such as a 500-year recurrence. The 2017
FEMA flood insurance study does not include flow data from several significant floods in the last
20 years. Table 6.2 summarizes the flood frequency flows for the lower Puyallup River.
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Table 6.2. Lower Puyallup River Flood Frequency Flows

Discharge (cfs)

10-year 50-year 100-year 500-year
WPLocation Event Event Event Event Method

Lower Puyallup River 36,000 45,000 45000 49,000 1987 FEMA Flood Insurance Study
at White River

confluence

Lower Puyallup River 41,000 46,000 48,000 63,000 2017 FEMA Flood Insurance Study for

at Puyallup Gauge Pierce County (Northwest Hydraulics, Inc.
(#12101500) 2006)

The USGS study of conveyance capacity (USGS 2010) indicates that the lower Puyallup River
channel can convey between 48,000 and 50,000 cfs in the lower six miles of the river. However,
between RM 6.0 and RM 10.3, the conveyance capacity of the main channel varies to between
23,000 and 50,000 cfs (see Figure 6.6). Channel form changes annually due to variations in
sediment build up and loss over time and will continue to alter the capacity of these sections into
the future.

The location, duration, and magnitude of potential levee overtopping sites were identified using a
modeling simulation carried out by Tetra Tech and partners (Tetra Tech et al. 2009). The
simulation indicated that a 100-year event would overtop the levee on the right bank at RM 3.3
and last nine hours. For the 500-year event, the simulation showed prolonged overtopping
(greater than 24 hours) would occur on the right bank at RM 3.3 and on the left bank at RM 3.1.
Shorter periods of overtopping would occur on the right bank at RM 3.7 and RM 4.1 and on the
left bank at RM 4.5, RM 5.55, and RM 7.2.
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Figure 6.6. Channel Conveyance Capacity for Lower Puyallup River
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6.3.4 Ecological Context and Salmonid Use

The lower Puyallup River was historically the most ecologically diverse segment in the study area,
but currently it continues to suffer from the effects of being heavily modified by dredging, levees
construction, and urbanization. Several ecotones (a transition area between two biological
communities, where two communities meet and integrate), all with specific physical and biological
properties that impart unique habitats, still exist and are encountered in this reach as it
transitions from marine to estuarine to freshwater. Each habitat is characterized by a collection of
specific plants and animals. Pink, chum, fall and spring Chinook, steelhead, coho, sockeye, bull
trout, and cutthroat trout all use this area. Because this is the lowest part of the river, all species of
local fish are found here at adult and juvenile stages. For additional information on the habitat in
this reach, please refer to the Water Resources Inventory Area (WRIA) 10 Habitat Section 5.9.1 in
this plan.

Estuary

The Puyallup River estuary is the area where freshwater from the river interacts and mixes with
the saltwater of Commencement Bay. Estuaries and the lands surrounding them are places of
transition from land to sea and from freshwater to saltwater. Although influenced by the tides,
estuaries like the Puyallup River estuary are areas protected from the full force of waves, winds,
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and storms by the fingers of land, mud, or sand that surround them. Tidal conditions in the Puget

Sound directly affect the Puyallup River estuary and habitat formation. As the Puyallup River
discharges into Puget Sound, freshwater flows over the top of the denser marine waters. At the
same time, with the incoming tide, a deep saltwater wedge surges upriver to about RM 2.5. The
height of the tide and the flow in the river influence the upstream extent of tidal surge. Higher
river flows reduce the length of the surge, so the saltwater wedge moves farthest up the river
during low river flows and high tides. Although the wedge may move up the river only a few miles,
the tide elevates the river water level further. During low flow/high tide events, the Puyallup River
will elevate due to tide action up to about RM 6.0 (Marks et al. 2009). This area of tidal influence
defines the upstream extent of the estuary.

The saltwater wedge and freshwater river do not have a clean separation in salinity. As the wedge
meets the river, stratification occurs and a range of salinities form as the waters mix. This mixing
or “transition zone” is very important for salmon. The salinity gradient allows salmon to gradually
adjust to differing biochemical conditions. A shallow embayment with large mudflats and salt
marshes frequently characterizes the transition zone under natural conditions. The transition
zone provides juvenile fish with abundant food sources and safety from predators due to the
shallow water and the salinity gradient.

The Puyallup River estuary has been greatly diminished from its natural state. Ninety-one percent
of the mudflats and 98.7 percent (Kerwin 1999, Shared Strategy 2007) of the emergent marsh
have been excavated and filled since the late nineteenth century.

Lower Fresh Water River

Prior to levee construction, the lower Puyallup River was an area prone to flooding, where
tributaries such as Hylebos Creek, Wapato Creek, Clear Creek, and Clarks Creek meandered
through the Puyallup River floodplain. The tributaries would backwater during floods and high
tides, which helped support and create wetlands. The merging of tributaries and wetlands
provided over-winter habitat where juvenile salmon could avoid the higher velocities of the main
river channel. During other times of the year, these wetland and stream complexes provided
areas to feed and grow. Most of these areas no longer provide these functions due to floodplain
development, filling of tidal wetlands and migration barriers such as flap gates and culverts.

A continuous bench of silt extends 10 to 50 feet riverward from the levee face between
approximately RM 2.8 and RM 10.3. The top of the silt bench occurs at approximately the
elevation of the 2-year flood event. Silt is deposited during floods and stabilized by well-rooted
vegetation. River flows routinely erode silt and undercut the vegetation to form small, scalloped
areas of trees that slump into the river. Trees and their roots reduce flow velocity and provide
cover for fish habitat. In these areas, juvenile salmon can avoid being swept prematurely to Puget
Sound, and adults can find areas to rest and acclimate to fresh water before continuing upstream.
From about RM 5.0 to RM 10.3, sand and gravel bars begin to form. Chum and pink salmon begin
to find some marginal spawning areas in this area where sport and tribal fishing is popular.
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Figure 6.7 shows some of the key habitat features or salmonids in the lower Puyallup River,
including the transition zone and rearing, holding, and spawning habitat for various species.

Figure 6.7. Salmonid Habitat in the Lower Puyallup River
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6.3.5 River Management Facilities, Flooding, and Flood Damage

The lower Puyallup River is confined by nearly continuous levees and revetments from the river
mouth at Commencement Bay to the river's confluence with the White River at RM 10.3. By
restraining floodwaters from inundating the adjacent floodplain area, which includes residential,
commercial, and industrial facilities within the Port of Tacoma and the cities of Tacoma, Fife, and
Puyallup, these flood risk reduction facilities collectively protect the highest land and improvement
values in Pierce County. Substantial damage to these flood risk reduction facilities has the highest
consequence and risk on the Puyallup River system.

The lower 2.25 mile of levee from RM 0.74 to RM 2.98 are owned and maintained by the USACE.
They were constructed in the late 1940s and completed in 1950 to protect the Port of Tacoma and
other industrial areas (USACE 2009), as shown in Figure 6.8. Below RM 0.74, revetments extend to
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the mouth of the river at Commencement Bay; this section is the responsibility of the Port of
Tacoma (see Figure 6.9).

Figure 6.8. Left Bank Levee at Tacoma Wastewater Figure 6.9. Right Bank Revetment at Port of Tacoma
Treatment Plant (looking upstream) Downstream of East 11th Street (looking downstream)

The channel conveyance included straightening of the channel, building levees, and making
necessary bridge changes to convey 50,000 cfs between the East 11th Street Bridge and RM 2.9.

From RM 2.98 to 10.28, Pierce County currently owns and maintains approximately 15.05 miles of
flood risk reduction facilities along the river in a combination of levees and revetments, as shown
in Table 6.3.

Table 6.3. Levees and Revetments in the Lower Puyallup River

Name Locationa Ownership
Right Bank
Port of Tacoma Revetment RM 0.0 - RM 0.74 Port of Tacoma
USACE Port of Tacoma Levee RM 0.74 - RM 2.98 USACE
North Levee Road Levee RM 2.98 - RM 8.12 Pierce County
Murphy Levee RM 8.12 - RM 8.60 Pierce County
Benston/Boatman RM 8.61 - RM 9.60 Pierce County
Old Cannery Levee RM 9.68 - RM 10.28 Pierce County
Left Bank
Simpson Revetment RM 0.00 - RM 0.74 ROCKTENN CP LLC
USACE Portland Ave Levee RM 0.74 - RM 2.96 USACE
River Road Levee RM 2.96 - RM 7.50 Pierce County
Tiffany’s Revetment RM 7.50 - RM 9.37 Pierce County
Linden/Flashcube Revetment RM 9.30 - RM 10.73 Pierce County

Source: USACE and Pierce County SWM records
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Note: The Lower Puyallup is made up of 68 percent levees and 32 percent revetments.
a PL 84-99 USACE Flood Control and Coastal Emergency Act
RM = river mile; USACE = U.S. Army Corps of Engineers

Initial flood control work in Pierce County began on the Puyallup River prior to turn of the
twentieth century. Early work was done by early settlers to protect agricultural lands and
homesteads for a rapidly growing area. In 1907, the Washington state legislature gave county
governments the authority to do flood-protection work on rivers. The same year, Pierce County
formed Pierce County River Improvement (PCRI) and initiated flood control work on the lower
Puyallup River reach between the mouth of the river to Puyallup.

As a result of the White River being diverted to flow into the Puyallup River in 1906, the Inter-
County River Improvement (ICRI) was formed in 1914 to manage the additional burden placed on
the lower Puyallup River. The ICRI was composed of Pierce County and King County to work jointly
on the lower White and Puyallup rivers for flood control efforts. Following the formation of ICRI,
the work started by PCRI resumed. The initial levees built from RM 2.8 to 10.3 were mostly
constructed between 1914 and 1916. Significant levee construction and improvements followed in
the 1920s and continued following the devastating 1933 flood. In wake of the major flood impacts
on the Puyallup River valley, ICRI pursued the USACE to design and build a flood control dam to
protect the lower Puyallup River valley and burgeoning Port of Tacoma. Congress authorized Mud
Mountain Dam in the 1936 Flood Control Act. Construction began in 1939 and was completed in
1948.

Prior to 1983, ICRI and Pierce County performed periodic channel deepening and dredging to
maintain flood conveyance capacity, particularly in the upper portions of the lower Puyallup River.
Levees were mowed to maintain access and large trees were removed to prevent damage to the
levee caused by invasive roots and tree overthrow. Since 1983, legal limitations have modified
vegetation management practices and gravel and silt removal. In response to a federal court order
in 1985, Pierce County and the Puyallup Tribe adopted an inter-governmental agreement for the
Puyallup River Vegetation Management Program.

The estimated costs for substantial levee damage vary for right bank and left bank structures and
contents, as shown in Table 6.4. Total costs of damages are estimated at $60 million for a 10-year
event, $78.7 million for a 100-year event, and $93 million for a 500-year event (Tetra Tech 2009).
More than 70 percent of estimated damage costs apply to commercial and industrial structures
and activities.

Historical aerial photos show little evidence of instability or erosion, with the exception of two
areas of potential instability in photos from 1996 (Tetra Tech 2009): (1) on the right bank at RM 5.0
and (2) the left bank at approximately RM 7.2. A reconnaissance performed for this study found
little evidence of significant erosion of the silt benches. FEMA accreditation standards for levees
were added to 44 CFR 65.10 in 1986 long after the construction of the lower Puyallup River levees.
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The levees, while constructed to a high standard in their time, do not have the necessary

freeboard to be accredited. In remapping the Puyallup River in early 2000s FEMA, their contractor
and the Puyallup River communities understood that the previous 1970s risk mapping overstated
the protection provided by the levees.

Table 6.4. Damage Costs by Flood Event (based on October 2023 costs)

Right Bank Right Bank Right Bank Right Bank Left Bank Total Damage

Residential Commercial Industrial Total Total Costs
10-year $8.1M $24.8M $52.0M $85.6M $2.0M $87.6M
100-year $9.5M $40.4M $55.5M $105.6M $9.3M $115.0M
500-year $9.7M $54.5M $55.8M $120.4M $15.4M $135.9M

Source: Lower Puyallup River Flood Protection Investigation - Without Project Analysis (Tetra Tech 2009). Costs have
been updated to reflect current values.

6.3.6 Lower Puyallup Flow Warning Matrix

The Lower Puyallup River has four flow categories: Phase |, Action Flow; Phase I, Minor flooding;
Phase Ill, Moderate flooding; and Phase 1V, Severe flooding. These categories describe the
observed or expected severity of the flood impacts in that area. However, the severity of flooding
at a given stage is not necessarily the same at all river locations. Most river reaches in Pierce
County have a defined flow warning matrix that is used during flood events. Figure 6.10 shows the
flow warning matrix table for the Lower Puyallup River.

Figure 6.10. Lower Puyallup Flow Warning Matrix

Lower Puyallup River

River Mile Range: 0.0-10.3
From the mouth of the Puyallup River to the mouth of the White River

Phase I: Phase II: Phase lll:
Action Flow Minor Flooding Moderate Flooding

45,000 - 50,000 cfs > 50,000 cfs

35,500 - 45,000 cfs

< 35,500 cfs

Flow / Stage
Range

<26.2ft 26.2-288ft 28.8-30.1ft >30.1 ft
USGS Gauge Station #: Gauge Name: Gauge Location: River Mile:
12101500 Puyallup River at Puyallup, WA Near River Road & 77th Avenue E 6.55
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Historical Flooding
Significant flooding occurred in the lower Puyallup River in 1917, 1933, 1934, 1965, 1977, 1986,
1990, 1996, 2006, and 2009 (see Table 6.5). The largest flood on record since construction of Mud
Mountain Dam occurred in January 2009, with a flow of 48,200 cfs, which was an approximately
100-year event in the lower Puyallup River based on flood frequency flow estimates (FEMA 2009).
Flows in excess of 45,000 cfs are considered severe with significant flooding expected. Moderate
flooding occurred in the lower Puyallup in November 2014, again in October, November, and
December 2015, and also in February 2020.

Table 6.5. Historical Flooding in Lower Puyallup River

Date Puyallup River Flows at Puyallup Gauge (cfs)

December 1917 40,5008
December 1933 57,0002
October 1934 39,5002
January 1965 41,500
December 1977 40,600
November 1986 43,800
January 1990 44,800
November 1990 41,900
February 1996 46,700
November 2006 39,700
January 2009 48,200
November 2014 34,200
December 2015 39,800
February 2020 39,500

a Mud Mountain Dam (constructed on the White River in 1948) not in place.
Source of data: USGS Puyallup Gauge flow records

Flood Damage to Facilities

Flood damage to the levees along the lower Puyallup River has been infrequent in recent decades.
In 2002, loss of riparian vegetation and bank erosion began on the right bank of the levee at

RM 5.3. Bank erosion continued between 2002 and 2009, until it was repaired by Pierce County in
2009.

The levee and revetment in the vicinity of 12th Street SE (approximately RM 9.3, left bank) has
been overtopped on several occasions in the last 20 years, including 1996, 2006, and 2009,
resulting in flooding and sediment deposition along the top of levee and adjacent areas. No
significant damages were identified.
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Flood damages to the lower Puyallup River flood risk reduction facilities generally have been

pretty mild in the past three decades. However, two substantial repairs have been made to repair
damages due to erosion and one repair to fix fractured concrete panels. Damages from major
floods and high-water events between 1990 and 2021 have resulted in approximately 26 identified
damage locations comprising 0.6 mile of levees and revetments. Table 6.6 summarizes recorded
levee and revetment damages. There are isolated locations along the reach where repairs have
occurred. The system is approximately 100 years old and showing signs of its age. Pierce County
maintenance crews annually inspect and monitor the reach and implement repairs when
necessary.

Table 6.6. Summary of Damages to Lower Puyallup River Facilities (1990-2021)

Storm Season/ Damage
Segment Name Bank River Mile Lineal Feet Damage

1996

Tiffany's Left 9.2 100 Toe and slope failure.

2005

River road Left 7.2 540 Concrete panel repair.

2009

North levee road Right 5.3 190 Silt bench repair.

2010

Benston/boatman Right 9.35 100 Moderate slumping.

Benston/boatman Right 9.35 200 Moderate slumping, Major erosion; concrete
panels collapsed.

2011

Benston/boatman Right 9.35 200 4-foot deep slump. Exposed concrete at toe.

Murphy Right 8.47-8.54 390 Scour and minor cracking in silt bench. Scour 5
feetin areas.

North levee road Right 4.27 105 4-foot slump.

North levee road Right 4.45 106 Sha Dadx Seepage Control Buttress and
drainage.

Old cannery Right 10.3 60 Toe rock failure.

River road Left 6.4 30 6-foot deep scour.

2012

Murphy Right 8.5 200 Toe and rock failure, some slump and erosion.

Murphy Right 8.55 30 Scour pocket out of face, downed tree.

North levee road Right 4.3 30 4-foot slump.

North levee road Right 4.45 180 Sha Dadx: soil buttress - sand boils.

North levee road Right 5.8 100 Melroy Bridge partial scour/slumping.
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Storm Season/ Damage
Segment Name Bank River Mile Lineal Feet DETQET-L

River road Left 3.05 40 Cave dug into silt on left bank, 5-foot scour
depth.

River road Left 6.4 30 6-foot-deep scour in silt bench due to culvert
outfall.

2014

River road Left 7.45 45 Toe and face rock failure.

2015

Benston/boatman Right 9.35 150 Slump in revetment. Concrete panel missing.

2017

Benston/boatman Right 9.35 200 Storm drainage outlet onto revetment face has

caused severe scour to occur and end
segments of the outlet pipe have failed.

Benston/boatman Right 9.3 140 Potential scour.

Murphy Right 8.4 120 Silt bench scour.

Murphy Right 8.41 25 Scour.

2020

North Levee Road Right 4.2 25 Silt bench repair.

Benston/Boatman Right 9.3 300 Extensive scour beyond historic piling location.

6.3.7 Key Accomplishments since the 2018 Flood Plan Update

Major Projects

Since the 2018 Flood Plan Update was completed, there have been no major maintenance repairs
in the lower Puyallup River reach. However, four projects took place along this reach since 2018.

Clear Creek Habitat Restoration Project

This project improved access to salmon habitat and increased flood storage capacity by removing
sections of an existing access road separating Clear Creek from an adjacent wetland owned by the
Port of Tacoma. The road removal resulted in approximately 5,000 cubic yards of floodplain
excavation and greatly improved access to critical salmon rearing habitat. The project is located
near the mouth of Clear Creek. Construction was completed the summer of 2022. Learn more
about this project online at the Clear Creek Habitat Restoration web page.

Clear Creek Flood Gate Restoration

This project will replace an existing wooden flap gate on one of the two culverts that drain Clear
Creek to the Puyallup River. The new gate will be mechanized and designed to work in conjunction
with the other mechanized flood gate and be optimized to better allow fish passage and reduce
impacts from flooding along Clear Creek. Construction is planned for the summer of 2023. Learn
more about this project online at Clear Creek Flood Gate web page.
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Clear Creek Strategy Plan
In 2020, Pierce County completed the first of its kind strategy plan for the Clear Creek/Riverside
area. The purpose of the Clear Creek Strategy Plan (Strategy Plan) is to improve conditions related
to flooding and drainage, agriculture and land use, social challenges, and fish habitat ecosystem
functions. Pierce County conducted a facilitated process in which the community worked together
to create solutions that achieved results desired by the people who live and work there. This
process included stakeholder interviews and workshops as well as an open house with comment
period. The resulting Strategy Plan is a flexible, comprehensive plan intended to set the broader
framework for projects and studies within the watershed. The Strategy Plan guides decision-
making, is a tool for education and communication, and provides a long-range perspective for the
Clear Creek/Riverside area. More information about the Strategy Plan can be found at the Clear
Creek Strategy Plan web page.

Clarks Creek Property Acquisition ‘House of Tomorrow’

Pierce County was awarded a FEMA Flood Mitigation Assistance grant to acquire the property and
house located at 4907 66th Avenue East in unincorporated Pierce County (see Figure 6.11). This
project is a voluntary property acquisition by the property owner. The property and house
experience frequent repetitive flooding (as shown in Figure 6.12) and damages due to its location
along the Clarks Creek banks and shoreline. The purpose of this project is to mitigate the
repetitive flood losses. Upon acquisition of the property, the house will be removed from the
property and flood hazard area, thereby mitigating the flood losses. The House of Tomorrow is
determined to be historically significant; however, it is not on the Pierce County Historical list or
the National Historical Register of Historic Places list. Prior to acquisition of the property and
removal of the house, much work will be performed to document the historical significance of the
house and property in detail. This includes documenting the original owner and architect who
designed the house, which was built in 1938. Pierce County is one of eight stakeholder signatories
to an executed Memorandum of Agreement (MOA), which stipulates mitigation measures to
resolve the project’s adverse effects to the house and property historical significance. The other
signatories to the MOA include:

* FEMA

®* Washington Emergency Management Division

®* Washington State Department of Archaeology and Historic Preservation
® Pierce County Landmarks and Historic Preservation Commission

®* Washington Trust of Historic Preservation

* Documentation and Conservation of Building, Sites, and Neighborhoods of the Modern
Movement in Western Washington
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® Puyallup Historical Society

Figure 6.11. The House of Tomorrow on Clarks Creek in Figure 6.12. Flooding along Clarks Creek
Unincorporated Pierce County December 2015

This project is currently in the historical significance documentation stage, and Pierce County has
retained a consultant to help with this type of project. Pierce County plans to have this project
completed by September 2024. More information on this project can be found at the Clarks Creek
Property Acquisition Project web page.

Land Acquisitions

A total of 65 acres of property was acquired between 2018 and 2021 in the Lower Puyallup reach.
These property acquisitions supported capital projects located in Clear Creek, Rhody Creek, and
the Port of Tacoma.

6.3.9 Flood and Channel Migration Hazard Mapping

Flood Hazard Mapping

Hazard mapping in the lower Puyallup River includes detailed flood studies (FEMA, NHC 2006) that
show significant flood hazards in the lower Puyallup valley. The flood hazards were identified
because the existing levees are not built high enough to meet current FEMA standards. In order to
publish the countywide DFIRMs, the areas behind the non-accredited levees were secluded from
map updates. This means that most of the lower Puyallup valley is showing the old flood risk as it
was understood in the 1970s.

The FEMA/NHC study flood risk areas along the lower Puyallup River include extensive industrial,
commercial, residential, and agricultural land uses along the right bank at the Port of Tacoma and
the cities of Tacoma, Fife and Puyallup. Along the left bank, there are fewer commercial and
industrial uses, but extensive residential and agricultural uses, and public infrastructure.
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In unincorporated Pierce County, flood risk areas behind the levees are being regulated based on
the risk of a levee failure or overtopping, even though this risk is not shown on the DFIRM. The
Tacoma wastewater treatment plant, on the left bank between State Route 509 and Lincoln
Avenue, is an example of a critical facility along the lower Puyallup River potentially subject to
flooding.

The DFIRM maps for the lower Puyallup show 4,494 acres within the special flood hazard area
(SFHA) or 100-year floodplain, and unincorporated Pierce County regulates an additional 942 acres
as flood fringe. The mapped deep and fast flowing (DFF) area is 1,087 acres.

Channel Migration Hazard Mapping
Channel Migration Zone (CM2)

The CMZ refers to the geographic
area where a stream or river has
been and is susceptible to

Channel migration mapping methods require measuring
changes over the period of record. No channel migration zones
(CMZs) have been mapped for the lower river due to the river
channel being confined between the levees for the last el crser ane) e e
100 years. The regulated FEMA floodway within existing levees  5ccypation (Washington State
is the default CMZ for the lower Puyallup River according to Department of Ecology 2003).
Pierce County Code (PCC) 18E.70.020.

6.3.10 Problem Identification
Table 6.7 sets out the flooding and channel migration problems identified in the lower Puyallup
River floodplain.

Table 6.7. Priority Problems Identified in Lower Puyallup River

Location Problem Description Source

Levee and Revetment Overtopping and Breaching

RM 2.9 -RM 3.1 Levee overtopping potential upstream threatens Tacoma City of Tacoma

LB Wastewater Treatment Plant.

RM 2.98 - De-accredited North Levee Road levee results in increased City of Fife, Tacoma,

RM 8.12 RB flood risk for infrastructure and property. Pierce County, Port of
Tacoma

RM 4.8 RB Flood levels in 2006 and 2009 nearly overtopped levee at 54th  City of Fife

Avenue East.

RM 6.8 -RM 6.9 Flood levels in 1996 and 2009 nearly overtopped levee at City of Fife

RB Freeman Road.

RM 8.5 RB Golden Rose mobile home park silt bench erosion Unincorporated
Pierce County

RM 8.2 -RM 8.6 Levee overtopping floods Tiffany’s skating rink, Riverwalk City of Puyallup,

LB Apartments, and road underpass. Pierce County

RM 8.1 -RM 8.2 Levee overtopping floods North Meridian-north shore City of Puyallup

RB underpass.
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RM 9.1 -
RM 9.25 LB

RM 9.3 -
9.5LB

RM 9.8 -
RM 10.3 LB

RM 9.4 -
RM 10.6 LB

Flood Hazards in Pierce County
Problem Description

Levee overtopping floods East Main Street “flash cube”
building.

Levee overtopping floods RiteAid shopping center parking lot

and loading docks.

Levee overtopping floods Linden golf course.

Levee overtopping and sedimentation impacts levee access
road and public trail.

Tributary Backwater Flooding

RM 2.1 LB

RM 2.9 LB

RM 5.0 RB
RM 5.8 LB

RM 6.9 LB
RM 7.9 LB
RM 9.4 LB

Backwater flooding at Cleveland Way pump station caused
extensive flooding in 1996.

Clear Creek backwater flooding caused extensive flooding in
1996 and 2009; some flooding in 2006.

Oxbow Lake backwater flooding of pump station.

Clarks Creek backwater flooding of homes, multiple
occurrences.

City storm drain flooding (NW 13th Avenue).
City storm drain flooding (4th Street NW).

Deer Creek backwater flooding (Shoppe concrete).

Public Safety/Emergency Rescues

RM 2.9 - RM 4.8
LB

Clear Creek (>10 emergency rescues in 2009).

Emergency evacuation in Fife in 2009.

Source

City of Puyallup

Pierce County

City of Puyallup

Pierce County

City of Tacoma

Pierce County, City of
Tacoma

City of Fife

Pierce County, City of
Tacoma

City of Puyallup
City of Puyallup
City of Puyallup

Pierce County Sheriff

City of Fife

Flooding of Structures and Infrastructure (Roads/Bridges) [not already noted above]

RM 4.2 - RM 8.2
LB

RM 0.7 -RM 2.2
RN/LB

RM 2.9 -RM 6.9
RB

RM 3.1 LB

RM 4.0 - RM 5.5
RB

RM 5.75 RB/LB

RM 6.8 - RM 6.9
LB

RM 9.1

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Three bridges of concern (11th Avenue, Lincoln Avenue, and
Puyallup Avenue) - wood on piers and capacity.

Critical facilities (schools, police station) at risk of flooding due

to overtopping/breaching of levee.
Localized road flooding north of I-5.

Potential flooding of Tacoma Power's Fife substation.

Milroy bridge fails to meet minimum standard for bridge
clearance.

Puyallup Wastewater Treatment Plant flooding.

SR 512 bridge at Pioneer - wood accumulation and bed scour

at piers.
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Flood Hazards in Pierce County

Problem Description

Sediment and Gravel Bar Accumulation

RM 2.9 - RM 6.9

RM 5.8 -
RM 10.3

Bed elevation increases between I-5 and Freeman Road a
concern due to reduced conveyance capacity.

Bed elevation increases from Clarks Creek to White River a
concern due to reduced conveyance capacity.

Facility Maintenance and Repair Needs

RM 2.8 -RM 8.6
RB/LB

Concrete panel repair as needed due to vegetation/roots.
General condition of concrete panels is unknown due to
presence of established silt benches.

Fish Habitat Problem Areas

RM 2.6 - RM 3.7
RB

RM 5.0 RB

RM6.7-RM 7.4
RB

RM 8.2 RB

RM 9.4 -
RM 10.3 RB

RM 9.6 -
RM 10.5 LB

Public Access

RM 0.6 - RM 2.9
RB/LB

RM 2.0 - RM 6.5
RB/LB

RM 6.8 -
RM 10.7

Levee separates river from historical estuary on Union Pacific
property and adjacent farmland.

Oxbow Lake is former river meander that has been cut off
from river by levee.

Freeman Road Oxbow cut-off from river by levee.

72-inch-diameter Wapato Creek outflow to Puyallup River
prevents headwater flow to Wapato Creek.

Levee cuts off confluence wetlands river channel.

Levee cuts off-channel habitat and floodplain from river
channel.

USACE limits access to levee.

Lack of connecting trail along river from RM 6.5 to City of
Tacoma (on left or right bank).

Repeated flood damage to trail limits access; no trespassing
sign at RM 6.8 discourages access.

Source: Pierce County SWM

LB = left bank; RB = right bank; RM = river mile; USACE = U.S. Army Corps of Engineers; WSDOT = Washington State
Department of Transportation

6.3.11 River Reach Management Strategies

6.3.11.1 Conditions and Constraints of the Lower Puyallup River

Source

City of Fife, Pierce
County

City of Puyallup,
Pierce County

Pierce County

Pierce County,
Puyallup Tribe

City of Fife

Puyallup Tribe, Pierce
County

Puyallup Tribe

Puyallup Tribe

Puyallup Tribe

City of Tacoma

City of Tacoma,
Pierce County Parks

City of Puyallup

Recommended river reach management strategies for the lower Puyallup River take into account
numerous conditions and constraints, as follows:
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Development and land use in adjacent floodplain - The lower Puyallup River floodplain is
suburban and rural and encompass parts of Puyallup and South Hill. The total assessed value
of property in the 100-year floodplain is $272.6 million (EcoNorthwest 2022).

River management facilities - Both the left and right banks of the Puyallup River are
constrained by levees and revetments along the entire Lower Puyallup reach.

River channel gradient and width - Channel gradient varies from 0.035 to 0.06 percent. Width
varies from 350 feet to 500 feet in the lowest part of the river and narrows to 250 feet in the
upper portion of the lower Puyallup River.

Presence of salmon spawning and rearing habitat - All species of salmon are found in the
lower Puyallup River, including Chinook, pink, chum, coho, and sockeye, as well as steelhead,
bull trout, and cutthroat trout. Both spawning and rearing habitats are present.

Riverbed ownership and tribal agreements with the Puyallup Tribe of Indians.

Sediment transport accumulation and incision - Mostly sand and silt accumulate below RM 8,
with mixed sand and silt and some gravel above RM 8. The mean riverbed elevation between
RM 0.0 to approximately RM 8.5 changed in elevation from -0.5 feet to +2.0 feet between 1984
and 2009. Upstream of RM 8.5 to the confluence of the White River at RM 10.3, sediment
deposits ranged from 0.5 feet to 3.5 feet (see Figure 6.7).

The primary objective for the lower Puyallup River is to maintain the structural integrity of the
levee and revetment system so it continues to reduce risks to public health and safety and reduce
property damages. Another objective is to make improvements to the levees so they can be
accredited to FEMA standards.

The final management strategy objective is to identify capital projects that provide multiple
benefits in addition to flood risk reduction. Additional benefits may include the enhancement and
creation of aquatic habitat, riparian re-vegetation, and strategic placement of large woody
material.

Given the significant amount of development, major interstate transportation infrastructure, and
commercial industry centers in the lower Puyallup River, this 2023 Flood Plan recommended
design and management strategies are described below.

Structural Management Strategies:

RM 0.0 - RM 10.3 left and right bank - The goal for levees should be 200-year event design plus
three feet of freeboard.

Non-structural Management Strategies:

Floodplain development regulations
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Property acquisition or purchase of development rights

6.3.11.3 Interim Risk Reduction Measures:

®* No interim risk reduction measures (IRRMS) are recommended for this reach of the Puyallup
River.

6.3.12 Recommended Capital Projects

The following capital improvement projects are recommended to address the priority problem
areas identified in Table 6.7. Pierce County capital projects are defined as construction projects
over $75,000. They are projects that may be elevated in priority and included within the 6-year
Capital Improvement Plan element of Pierce County Comprehensive Plan. Projects less than
$75,000 in unincorporated Pierce County are included within the Maintenance Program.
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Riverine Flood Project Project Score: 69

Project Name: Clear Creek Floodplain Reconnection Project

Project web page location: www.piercecountywa.gov/3321/Clear-Creek-Flooding

Project location: RM 2.9, left bank, confluence of Clear Creek and Puyallup River (see
Figure 6.13)

Estimated project cost over a 10-year period: $20 million
Total project cost: $58.1million

What is at risk?

The Clear Creek community sits between Clear Creek and the Puyallup River and varies in
elevation between +10 feet to +20 feet (see Figure 6.14). The base flood elevation for the area is
between 19 to 23 feet. During high flows on the Puyallup River, two gates close to keep the area
safe from flooding from the Puyallup River, but this results in Clear Creek backing up and flooding
up to 400 acres of farmland, commercial, and residential properties (see Figure 6.15). There was
extensive emergency evacuation of this area by boat during the January 2009 flood event.
Properties that are impacted by the backwater flooding of Clear Creek are estimated to be in
excess of $42 million.

What is the recommended solution?

The Clear Creek area is in a designated DFF floodway due to the uncertainty that River Road levee
would protect the area for flooding attributed to the Puyallup River. The area is also susceptible to
frequent backwater flooding from the Clear Creek system that drains the plateau. Currently, there
are no viable solutions to completely prevent the Clear Creek area from flooding. Ongoing
proactive efforts to purchase property from willing sellers and relocate residents will have the
largest influence on flood risk reduction.

A capital project concept was proposed in the 2013 Flood Plan that provided a non-mechanical
interface between the Puyallup River and Clear Creek, with a ring-levee on the landscape at the
14- or 16-foot contour to contain the volume of the 100-year event. Community and local
organization feedback demonstrated that a project on the landscape in this area would require a
more integrated approach. The Clear Creek Strategy Plan, initiated by Pierce County in 2018 and
completed in 2020, identified core values of the area that would need to be incorporated within a
project design. This plan can be found online at the Clear Creek Strategy Plan web page. The
Strategy Plan is a framework to support continued collaboration as actions develop on the
landscape.
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Figure 6.13. Location of the Clear Creek Acquisition and Floodplain Reconnection Project on the Lower
Puyallup River
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Figure 6.14. Image of the Clear Creek Area
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Figure 6.15. January 2009 Flood Event in the Clear Creek Area
Photograph source: WSDOT

Because of the diversity of interests in the Clear Creek area and the high level of investment from
multiple organizations, a landscape-scale project requires intensive collaboration. Project planning
is now occurring with the established Floodplains for the Future partnership, a Pierce County led
and facilitated effort of integrated floodplain management capital projects. The Clear Creek
Integrated Design will identify and advance design on near-term actions and identify a conceptual
long-term vision for habitat, agricultural land, and flood efforts in the floodplain bench and
surrounding hydrologic inputs. Implementation of near-term actions will occur as funding allows,
and Floodplain for The Future partners will continue to work towards refining and reaching the
long-term concepts.

A few near-term actions being considered include agricultural drainage system improvements, re-
meandering of Clear Creek, continued acquisition of flood-risk properties, and
removal/replacement of Gay Road culverts and other agricultural culverts. Mid- to long-term
actions consider a separation of the agricultural system from the habitat system, more extensive
habitat improvements, and necessary infrastructure for an unconstrained confluence of Clear
Creek and the Puyallup.
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Who will Pierce County coordinate with on this project?
Pierce County is coordinating on the Clear Creek Floodplain Reconnection project with Floodplains
for the Future, Puyallup Tribe, Pierce County OCE, Pierce County Agricultural Program, Pierce
Conservation District, South Puget Sound Salmon Enhancement Group, Drainage District 10,
residents and agricultural community, Port of Tacoma, Washington State Department of
Transportation (WSDOT), BNSF Railway, U.S. Fish and Wildlife Service (USFWS), National Marine
Fisheries Services (NMFS), Washington Department of Fish and Wildlife (WDFW), and USACE.

What are the environmental considerations?

Ultimately, this project will improve habitat complexity of Clear Creek, with the intention to
improve connectivity of Clear Creek to the Puyallup River. The project will also improve agricultural
drainage, with the intention to separate the drainage system, and will not increase the already-
existing flood risk. Threatened species present in the project area include Chinook salmon,
steelhead, and bull trout.

Additional Relevant Project Information

The Clear Creek Dialogue Group consists of representatives from affected Tribes, local
government, non-profit organizations, the local drainage district, the Port of Tacoma, and other
interested parties that are working collaboratively to develop a suite of projects that benefit
farming, habitat, and reduce the flood risk while maintaining the character of community. The
projects will work in concert with representative partners, thereby solving issues without
diminishing the needs of other partners. The dialogue group and the design consultants are
committed to have several actions available at the 30 percent design level by 2024.

What is the current status of the project?
The project is currently in the property acquisition and conceptual design phases.
What will take place with this project from 2023-2033?

Continued purchases of properties within the project area and coordination with the Clear Creek
Dialogue Group will take place in the next 10 years.

What are the Project Benefits/Drivers?

@ Flood Risk
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Riverine Flood Project Project Score: 34

Project Name: White And Puyallup River Confluence Property Acquisition

Project web page location: Projects in Planning | Pierce County, WA - Official Website
(piercecountywa.gov)

Estimated project cost over a 10-year period: $3 million
Total project cost: $3 million
Project location:

Right bank of the Puyallup River between RM 9.4 and 10.3, immediately downstream of its
confluence with the White River (see Figure 6.16).

What is at risk?

Houston Road (arterial) and one rural outbuilding. No residential, commercial, or industrial
structures identified. Figure 6.17 shows January 2009 flooding over Houston Road East.
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Figure 6.16. Location of the White and Puyallup Rivers Confluence Property Acquisition Project on the
Lower Puyallup River.
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Figure 6.17. Flooding January 8, 2009, Houston Road East

~

What is the recommended solution?

Property acquisition is recommended at this location as part of a mitigation package for ongoing
flood risk reduction structure maintenance and operations, as included in the draft Habitat
Conservation Plan (HCP) as mitigation. Although Pierce County cannot commit to carrying out a
floodplain restoration project during the proposed 30-year HCP permit term, the county will
ensure funding for property acquisition during the HCP permit term, thus ensuring the floodplain
will not be subject to any form of development or incompatible land use. Property acquisition
does not offset the effects of the of taking of species under ESA, but acquisition does set the stage
for future restoration that will benefit White River Chinook salmon as well as other species
addressed in the HCP. Placing these parcels in county ownership would facilitate restoration by
the county or through other partnerships.

What is the current status of the project?
No acquisitions have occurred to date.

What will take place with this project from 2023-2033?

Acquisitions could begin to take place from willing sellers during the 2023-2033 timeframe.
Acquisitions would likely be implemented following receipt of Incidental Take permits from United
States Fish and Wildlife Service and the National Marine Fisheries Service.

What are the Project Benefits/Drivers?

% Habitat @ Flood Risk ECP@ Habitat Conservation Plan
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6.4 Middle Puyallup River

6.4.1 Overview

The middle Puyallup River reach begins at the confluence of the White River at RM 10.3 and
continues upstream to the confluence with the Carbon River at RM 17.4, downstream of Orting
(see Figure 6.18). This river reach covers 42.7 square miles of planning area. Throughout this
reach, the river channel is a combination of large meander bends with segments that are
straightened and confined by a combination of levees, revetments, and valley walls. The
surrounding watershed and land uses are mostly urban near the White River confluence in the
cities of Sumner and Puyallup, while predominantly agricultural and rural residential through the
Alderton-McMillan communities, and upstream to the Carbon River confluence toward Orting
(GeoEngineers 2003).

Several tributaries enter the Puyallup River along this middle reach; these tributaries include
Alderton Creek, Van Ogles Creek, Fennel Creek, Ball Creek, and Canyon Falls Creek. The largest
tributary, Fennel Creek, drains most of the eastern upland plateau, including much of the city of
Bonney Lake. Fennel Creek flows into the Puyallup River near RM 15.2. Chinook, coho, pink, and
chum salmon and steelhead, cutthroat, and bull trout use the entire reach of the middle Puyallup
River.
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Figure 6.18. Planning Area for the Middle Puyallup River Reach
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6.4.2 Geology and Geomorphology

The middle Puyallup River valley is a broad, low-gradient alluvial plain in which the river meanders
within its corridor confined by levees and revetments and periodically floods. The river is located
within a trough-like valley with steep valley walls that widen in the vicinity of Orting. The average
channel gradient varies from 0.17 to 0.25 percent between RM 10.3 and RM 17.4. This river reach
generally has lower velocities and shallow gradients, thus allowing the river to act primarily as a
depositional reach for sediment that enters from the upper Puyallup and Carbon rivers. The
channelization and existing levees within the middle Puyallup River were mostly constructed
between the 1950s and the 1970.

Prior to channel confinement, the main channel of the Puyallup River in this reach was a freely
migrating channel, a natural response of the river to high sediment loads from the upper Puyallup
River and Carbon River. The reaches immediately downstream of the Carbon River confluence
(RM 14.2-RM 17.4) are braided due to a significant decrease in channel gradient and the high
influx of sediment load from the upper Puyallup River and Carbon River. The Puyallup River
transitions back to a sinuous meander bend pattern below RM 14.2, which indicates a generally
even balance between sediment transport capacity and sediment influx (GeoEngineers 2003).
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The channel width is generally confined to between 200 and 300 feet. In 2003, a CMZ analysis
delineated severe, moderate, and low-risk CMZs along the middle Puyallup River. The approach
was based on the relationships between channel topography, sediment influx, transport capacity,
and the type and character of channel migration in each reach prior to confinement
(GeoEngineers 2003). The most extensive severe CMZs in the middle Puyallup River are between
RM 13.2 and RM 14.3, where the CMZ has a maximum width of 3,500 feet, and between RM 15.8
and RM 16.7, where the CMZ has a maximum width of 2,200 feet.

6.4.3 Hydrology and Hydraulics

Recent hydrologic studies show that with the additional stream flow data from recent floods, the
100-year discharge is approximately 49,000 cfs. This is a significant increase from earlier FEMA
Flood Insurance Study reporting that used data ending in the 1970s and 1990s. The USGS stream
gauge (#12096500) at Alderton produced a variable period of record, with gaps in the data due in
part to flood damage. The Alderton gauge flow data appears to consistently show data that does
not correlate to what is expected based on flow data from the lower Puyallup gauge (#12101500).
Measuring discharge at this site is difficult due to unstable channel conditions. There have been
historical issues with this gauge, so an additional gauge located at Main Street was added on
October 2010 to provide more data. Measured discharge persists from the State Route 162 Bridge
in Sumner through a series of three 90-degree bends upstream to Riverside County Park. Based
on streamflow measurements data, the flood frequency flowers were derived for the middle
Puyallup River as show in Table 6.8.

Table 6.8. Flood Frequency Flows for the Middle Puyallup River

Discharge (cfs)
10-year 50-year 100-year 500- year
Location Event Event Event Event
Middle Puyallup River 24,400 33,200 36,800 45,900 1987 FEMA Flood Insurance
Gauge (at Alderton, Study (Log Pearson Type Ill)
#12096500)
Middle Puyallup River 27,500 38,600 43,500 55,100 2009 FEMA Flood Insurance
Gauge (at Alderton, Study for Pierce County (NHC
#12096500) 2006)

Source: FEMA Flood Insurance Studies (1987 and 2009)

The USGS study of conveyance capacity (USGS 2010) indicates that the middle Puyallup River
channel can convey between 15,000 to 35,000 cfs before overtopping either the left or right bank
(see Figure 6.19). The change in conveyance capacity since the 1984 USGS study (Sikonia 1990) has
been variable. The variability is largely due to increased sediment deposition within the channel,
which has decreased the channel conveyance capacity overall.
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Figure 6.19. Channel Conveyance Capacity for the Middle Puyallup River
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6.4.4 Ecological Context and Salmonid Use

Historically, the middle Puyallup River likely contained the best main channel spawning habitat in
the Puyallup River, especially for Chinook. This is due to the mild gradient, wide floodplain, a
relatively stable meander pattern, and large gravel bars that created a complex of riffles and
pools. Prime spawning-sized gravel characterized this part of the river. Here the bedload
transitions from the predominant sand bed in the lower Puyallup River to the cobble of the upper
Puyallup River. This reach also historically contained oxbows and remnant channels and perennial
side channels, which would have supported wetlands and high-quality rearing habitat for juvenile
salmon, especially during the winter when flow velocities are high in the main channel. Along the
base of the valley walls were many “wall-based” channels, which are small, cool water, spring-fed
streams that create prime summer rearing habitat for juveniles and spawning habitat for coho
and chum salmon and cutthroat trout. Beavers were a driving force on the landscape and
increased the rearing habitat through construction of dams and creation of ponds within the
floodplain.

Today, this section of the river is predominantly a single thread due to levee channelization for
protection of farmland, residential, and commercial land uses. The floodplain and associated
habitats have become disconnected from the river by levee containment and revetment system
and land development. Numerous migration barriers exist that prevent or limit the use of
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off-main channel salmon habitat. River channelization has increased flow velocities during floods
and increased the risk that scour will destroy fish redds. In addition, the lack of a functioning
riparian area limits fish habitat by reducing the amount of wood and salmon food sources from
entering the river. Despite these challenges, the middle Puyallup River still provides valuable
habitat for salmonid spawning and rearing at select locations within the reach (see Figure 6.20)

Figure 6.20. Salmonid Habitat in the Middle Puyallup River
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6.4.5 River Management Facilities, Flooding, and Flood Damage

The middle Puyallup River levees and revetments form nearly continuous bank protection from
the confluence with the White River at RM 10.3 to the confluence with the Carbon River at

RM 17.4. Many levees within the middle Puyallup River system participate in the USACE Public Law
(PL) 84-99 Levee Rehabilitation program. Revetment structures make up a significant number of
the river management facilities in the middle Puyallup River reach. However, revetments are
ineligible for inclusion in the PL 84-99 program.

Pierce County currently owns and maintains approximately 12.4 miles of flood risk reduction
facilities along the middle Puyallup River in a combination of levees and revetments.

Table 6.9 contains a list of river management facilities and their ownership.
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Table 6.9. Levees and Revetments in the Middle Puyallup River

Name
Right Bank
Traffic Avenue Revetment
River Grove Levee?
Riverwalk Revetment
Right Bank (continued)
Riverside Levee?
Riverside Revetment
Van Ogle Revetment
Evanger/White Revetment
Fennel Creek Revetment
Mosby Revetment
128th - McCutcheon
Lindsay Levee?
Left Bank
Knutson Levee
Knutson Revetment

Washington State University
Revetment

Bowman/Hilton Revetment
Bowman/Hilton Levee?
Sportsman Levee?

Ball Creek Revetment
McMillin Levee?
Bowen/Parker Revetment

Bowen/Parker Levee?

Location

RM 10.29 - RM 11.00
RM 11.00 - RM 11.48
RM 11.48 - RM 12.39

RM 12.39 - RM 12.79
RM 12.79 - RM 12.81
RM 12.81 - RM 14.24
RM 14.24 - RM 15.01
RM 15.15 - RM 15.89
RM 15.88 - RM 16.64
RM 16.64 - RM 16.80
RM 16.89 - Carbon RM 1.20

RM 10.73 -RM 11.63
RM 11.63 - RM 12.04
RM 12.04 - RM 12.81

RM 12.81 - RM 13.17
RM 13.17 - RM 13.58
RM 13.58 - RM 14.43
RM 14.43 - RM 15.72
RM 15.72 - RM 16.65
RM 16.65 - RM 16.72
RM 16.70 - RM 17.49

Source: Pierce County SWM and USACE records.

Note: The Middle Puyallup is made up of 40 percent levees and 60 percent revetments.

@ PL 84-99 USACE Flood Control and Coastal Emergency Act

RM = river mile

From the late 1920s to 1939, Pierce County river improvements focused on channelization and
bank stabilization using wooden bulkheads and debris barriers along the middle Puyallup and

Ownership

Pierce County
Pierce County

Pierce County

Pierce County
Pierce County
Pierce County
Pierce County
Pierce County
Private

Pierce County

Pierce County

Pierce County
Pierce County

Pierce County

Pierce County
Pierce County
Pierce County
Pierce County
Pierce County
Pierce County

Pierce County

Carbon rivers. In 1939, Pierce County approved a plan (Resolution No. 686) for flood control along
the Puyallup River above the mouth of the White River. The 1939 flood plan recommended
creation of a single channel on the Puyallup River by excavating gravel and river sediments and
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side casting them to form low levees and revetments. Implementation of the plan began in the
summer of 1939 and concluded sometime in the mid-1960s. The newly formed structures were
armored with rock riprap to prevent channel migration through the agricultural fields.

6.4.6 Middle Puyallup Flow Warning Matrix

The middle Puyallup River has four flow categories: Phase |, Action Flow; Phase II, Minor flooding;
Phase Ill, Moderate flooding; and Phase IV, Severe flooding. These categories describe the
observed or expected severity of the flood impacts in that area. However, the severity of flooding
at a given stage is not necessarily the same at all river locations. Most river reaches in Pierce
County have a defined flow warning matrix that is used during flood events. Figure 6.21 shows the
flow warning matrix table for the Middle Puyallup River.

Figure 6.21. Middle Puyallup River Flow Warning Matrix

Middle Puyallup River

River Mile Range: 10.3-17.4
From the mouth of the White River to the mouth of the Carbon River

Phase I: Phase II: Phase lll:
Action Flow Minor Flooding Moderate Flooding

< 20,000 cfs 20,000 - 30,000 cfs > 45,000 cfs

30,000 - 45,000 cfs

Flow / Stage
Range

54.6 ft 54.6-57.0ft 57.0-60.0ft 60.0 ft
USGS Gauge Station #: Gauge Name: Gauge Location: River Mile:
12096500 Puyallup River at Alderton, WA SR 162 bridge near 80th Street E 12.04

Historical Flooding

The middle Puyallup River experienced major flood events in 1996, 2006, 2008, and 2009 (see
Figure 6.22). The highest peak flow recorded at the Alderton gauge occurred on January 7, 2009,
with 41,600 cfs (based on the USGS calculation), as shown in Table 6.10. However, this is thought
to be an overestimate because it is higher than the peak flow measured at the same time
downstream at the Puyallup gauge in the lower Puyallup River. The discrepancies between these
two measurements are unknown.
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Figure 6.22. Middle Puyallup River Flooding at RM 11.8, November 2008
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Flood Hazards in Pierce County

Table 6.10. Historical Major Flooding on the Middle Puyallup River

December 1921
December 1946
December 1953
December 1955
January 1990
November 1990
February 1996
November 1999
January 2003
January 2005
November 2006
November 2008
January 2009

20,000
22,600
21,900
23,300
34,600
42,300
41,500
24,800
21,000
23,300
43,300
40,200
41,600
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Source: USGS Alderton gauge flow records.

Flood Damage to Facilities

Damage to the levees and revetments along the middle Puyallup River typically occur following
major flooding events. The levees and revetments that have experienced repetitive damage
include the Riverside levee, Washington State University revetment, McMillin levee,
Bowman/Hilton levee, Sportsman levee, and Bowen/Parker levee. Damages sustained ranged
from complete washouts that resulted in the loss of several hundred lineal feet of flood control
structure to localized moderate scour and erosion. Segments subject to the most significant and
repetitive damages are summarized below in Table 6.11.

Table 6.11. Summary of Damage to Facilities in the Middle Puyallup River 1990-2021

Storm Season/
Segment Name

1995
Bowen/Parker
Bowman-Hilton
Bowman-Hilton
Mosby - Historic
Mosby - Historic

Riverside
Revetment

Van Ogle
Revetment

1996
Bowen/Parker
Bowen/Parker
Bowen/Parker
Bowman-Hilton
Dollar Creek
McMillin
McMillin

Mosby - Historic

Riverside
Revetment

Sportsman

Washington State

University
Revetment

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Bank River Mile
Left 16.8
Left 13.2
Left 13.2
Right 16.0
Right 16.2
Right 12.8
Right 13.4
Left 16.7
Left 16.8
Left 17.4
Left 13.2
Right 16.8
Left 16.0
Left 16.2
Right 16.0
Right 12.8
Left 14.2
Left 12.2

Damage
Lineal Feet

50
150
600
400
250
600

225

100
200
100
500
800
600
250
400
600

100
600

DETET{]

Toe/slope failure.

Partial Washout. Toe and face rock.
Toe/slope failure.

Toe/slope failure with spots of total failure.
Partial Washout. Toe and face rock.

Some Toe/slope failure.

Partial washout. Toe and face rock.

Total failure.

Toe/slope failure.

Toe/slope failure.

Toe/slope failure.

Toe/slope failure.

Toe/slope failure with spots of total failure.
Toe/slope failure with spots of total failure.
Toe/slope failure.

Toe/slope failure.

Slope failure.

Toe/slope failure.
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Storm Season/
Segment Name

2002

Van Ogle
Revetment

2004

Riverside

2005
Evanger/White
2006
Bowen/Parker
Bowman-Hilton
Evanger/White
River Grove
Sportsman
Sportsman

Washington State
University
Revetment

2007
Bowman-Hilton
McMillin

2008

128th &
McCutcheon

Bowen/Parker
Bowen/Parker
Bowman-Hilton
McMillin
McMillin
Riverside
Riverside
Riverside
Sportsman

Van Ogle
Revetment
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River Mile

13.0

12.7

14.2

17.3
13.2
15.0
11.0-11.5
13.6
14.0
12.2

13.2
16.3

16.7

16.8

16.81

13.2

15.7
16.1-16.2
12.0

12.4

12.7

13.75

13.5

Damage
Lineal Feet

880
50

12

75
50
60
30
30
30
236

30

50

100

450

220
500
300

40
300
300

Damage

Toe and face repair.

Partial washout of the toe and levee facing.

Repair/replace toe and face rock.

Face erosion.

Fracture: scour.

Face erosion.

Overtopping with minor levee damage.
Fracture

Washout

Face erosion.

Repair scour from levee being overtopped.

Top of levee/access road scour.

Toe rock failure.

Toe rock failure and partial face rock failure
Minor top coat damage.

Damaged toe and face rock.

Toe and face rock failure.

Damaged toe and face rock.

Damaged toe and face rock.

Minor top coat damage.

Blocked culvert.

Damaged face rock.
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Storm Season/
Segment Name

Washington State
University
Revetment

2009

128th and
McCutcheon

2009 (continued)
Bowen/Parker

Bowen/Parker
Bowen/Parker
Bowman-Hilton
Bowman-Hilton
Evanger/White
McMillin

River Grove
Riverside
Sportsman
Sportsman
Sportsman
Sportsman

Washington State
University
Revetment

2010

Riverside
Revetment

Sportsman

Sportsman

Van Ogle
Revetment

Van Ogle
Revetment

2011
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Left
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River Mile

12.2

16.75

16.7

16.7

16.8

13.2

13.3

15.0
16.1-16.2
11.0-11.5
12.6
13.75
13.9
14.00
14.10
12.2

12.8

14.05 -
14.17

14.05 -
14.17

13.65

14.14

Damage
Lineal Feet

148

20

12

300
75
200
50
200
60

15
200
250
300
150
65

50

650

650

100

120

Damage

Wazzu partial washout.

Toe and face rock failure.

Top of levee/access road scour. Tide gate
damaged.

Access road scour, face rock failure.
Toe rock failure.

Scour 200 liner feet facing rock failure.
Scour 1/2 feet deep for 50 LF.

Total levee failure/ end of levee.

Toe and face rock failure.

Overtopping with minor levee damage.
Scour over top of revetment. One-two feet
Blocked culvert.

Damaged toe and face rock.

Major scour.

Head cutting on back side of levee.

Partial washout.

Minor face rock slippage and possible toe
rock misplaced.

Slump and scour near Sportsman Club.
Slump and scour near Sportsman Club.

Slump in front of Knobloch residence.

Toe rock and face rock failure.
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Storm Season/
Segment Name

128th &
McCutcheon

Evanger/White
Evanger/White
Fennel Creek
River Grove

River Walk
Revetment

2011 (continued)
Riverside

Riverside
Revetment

Sportsman

Sportsman

Van Ogle
Revetment

Van Ogle
Revetment

2012

Ball Creek
Bowen/Parker
McMillin
Riverside

Riverside
Revetment

Van Ogle
Revetment

Washington State
University
Revetment

2013

McMillin

Riverside
Revetment

Washington State
University
Revetment
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Left
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River Mile
16.8

14.2
14.9
15.4
11.42
11.9

123-124
12.8

14.05 -
14.17

14.2

13.65 -
13.66

14.14 -
14.16

15.3
16.7-16.8
16.1
12.3-12.4
12.8

14.1

12.2

16.1
12.8

12.2

Damage
Lineal Feet

440

75
200
45
50
60

425
70

650

220
100

120

100
300
100
425
100

120

50

100
100

50

Damage

Major scallop scour missing levee.

Toe rock failure.

Toe and face rock failure.
6-foot deep scour.

3-foot slump.

Minor toe scour.

Toe rock failure.

Toe and face rock failure.

Slump and scour.

Toe rock failure.

Slump in front of Knobloch residence.

Toe and face rock failure.

Toe and face rock failure.
Face rock failure.

Toe and face rock failure.
Toe rock failure.

Missing face rock.

Toe and face rock failure.

Over steepened, loss of face and toe rock.

Toe and face rock failure.

Missing face rock.

Toe and face rock failure.
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Storm Season/ Damage
Segment Name Bank River Mile Lineal Feet DETQET-L
2015
River Grove Right 1.2 75 Tree root pulled out section of levee.
Sportsman Left 13.7 250 Partial erosion of revetment face rock.
Washington State Left 12.2 150 Missing rock and over steepened.
University
Revetment
Washington State Left 12.2 150 Missing rock and over steepened.
University
Revetment
2017
River Grove Right 1.2 110 Overly steep. Sloughing. USACE repair.
Washington State Left 12.1 60 Levee damage.
University
Revetment
2018
Washington State Left 12.1 75 Localized Scour.
University
Revetment
Sportsman Left 14.2 330 Missing rock and over-steepened.
Evanger White Right 14.4 125 Erosion of face rock.
2020
McMillin Left 16.2 160 Levee Rehabilitation.
Bowen Parker Left 16.8 100 Localized Scour.
2021
McMillin Left 16.2 180 Levee rehabilitation.

6.4.7 Key Accomplishments since the 2018 Flood Plan Update

Major Projects

Since the 2018 Flood Plan Update was completed, Pierce County has carried out an annual
program that includes maintenance and repair of revetments and levees, listed in Table 6.11, as
well as the capital projects noted below and major repairs shown in Table 6.12.

Ball Creek Project

This project, which was completed in 2018, replaced a culvert that removed a fish passage barrier
and improved over 1,400 feet of the creek channel by realigning and installing habitat
improvement structures and features as shown in Figure 6.23. The project also reconnected over
10 acres of Ball Creek with the historical Puyallup River floodplain.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Table 6.12 shows major repairs, generally considered 750 lineal feet or more in length, along the
middle Puyallup River following significantly large storm events. Records maintained by Pierce
County SWM Operations and Maintenance show three major repairs have been completed
between RM 10.3 and RM 17.3.

Table 6.12. Major Repairs Completed on Middle Puyallup River since 1991 Flood Plan

Segment Name Location Damage Length  Estimated Cost Storm Event
Bowman-Hilton RM 13.2LB Total levee and toe/ 1,100LF $498,600 November 1995/
Levee slope failure. February 1996
Bowen/Parker RM 16.8 LB  Toe/slope failure. 800LF $249,600 February 1996
Levee
Bowman-Hilton RM 13.2LB  Scour from levee 880LF $220,000 November 2006
Levee overtopping.

Source: Pierce County Surface Water Management records
LB = left bank; LF = lineal feet

6.4.8 Land Acquisitions

Pierce County acquired 13 acres of property between 2018 and 2021 in the Middle Puyallup reach.
This property acquisition supported the Fennel Creek capital project.

6.4.9 Flood and Channel Migration Hazard Mapping

Hazard mapping in the middle Puyallup River includes detailed flood studies (FEMA NHC 2006)
and the creation of DFIRMs, which were adopted in March 2017, in order to publish the
countywide Digital Flood Insurance Rate maps. Areas that were affected by non-accredited levees
were “scheduled” from the map updates. Flood-prone areas along the middle Puyallup River

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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include local roads such as Riverside Drive and McCutcheon Road, the Sumner Wastewater
Treatment Plant, several groupings of single family residential structures (including Rainier Manor
Mobile Home Park in Sumner), multi-family residential structures, agricultural and rural lands, and
other mobile home parks. The DFIRMs for the middle Puyallup River show 1,153 acres within the
SFHA or 100-year floodplain. The mapped DFF area is 986 acres.

Severe, moderate, and low CMZs were mapped for the middle Puyallup River (GeoEngineers
2003), and the severe risk area was adopted in November 2004 to be regulated floodway. The
CMZ refers to the geographic area where a stream or river has been located in the past and so is
susceptible to channel erosion and channel reoccupation (Washington State Department of
Ecology 2003). The severe CMZ covers an area of 1,047 acres. Pierce County regulates severe CMZ
mapped areas as floodway in accordance with Chapter 18E.70, PCC.

6.4.10 Problem Identification

The following flooding and channel migration related problems were identified in the middle
Puyallup River (see Table 6.13).

Table 6.13. Flooding-related Problems Identified in Middle Puyallup River

Location Problem Description Source

Levee and Revetment Overtopping and Breaching

RM 10.4 - RM 10.6 High water surface elevations threaten to flood the Sumner City of Sumner
RB Wastewater Treatment Plant.

RM 11.0-RM 11.5 Revetment overtopping floods Rainier Manor and River Grove City of Sumner
RB Apartments and threaten Riverwalk condos.

RM 12.4 - RM 12.8 Levee/revetment overtopping floods 76th Street E. and homes. Pierce County
RB

RM 12.8 - RM 13.5 Levee/revetment overtopping floods property and home along Pierce County
RB Riverside Drive.

RM 13.2-RM 14.1 Levee/revetment overtopping floods Tree farm, Bowman-Hilton,  Pierce County
LB and Sportsman Club property.

RM 14.2 - RM 14.6 Revetment overtopping floods McCutcheon Road and property, Pierce County
RB including structures.

RM 15.2-RM 15.6 Levee/revetment overtopping floods property along 110th Street  Public Input

LB E. in vicinity of McMillin. (March 2010)

RM 15.6 - RM 16.7 Levee/revetment overtopping floods property along 151st Pierce County
LB Avenue E. and 116th Street E.

RM 15.9 - RM 16.7 Levee/revetment overtopping floods property along 153rd Pierce County
RB Avenue E. near Canyon Falls Creek.

RM 16.7 - RM 17.2 Levee overtopping floods McCutcheon Road and many Pierce County
RB properties and structures in the vicinity.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Location

Flood Hazards in Pierce County

Problem Description

Tributary Backwater Flooding

RM 12.8 -RM 13.0
RB

RM 15.8- RM 16.4
RB

Backwater at tributary floods Pierce County's Riverside Park.

Canyon Falls backwater floods McCutcheon Road

Public Safety/Emergency Rescues

RM 11.0-RM 11.5
RB

RM 14.2 -RM 14.9
RB

RM 16.7-RM 17.3
RB

Flooding of Rainier Manor and River Grove Apartments resulted
in emergency evacuations.
McCutcheon Road flooding between 96th Street E. and Rhodes

Lake Road E. resulted in emergency evacuations in 1996, 2006,
and 20009.

McCutcheon Road flooding south of 128th E. resulted in
emergency evacuations in 2006 and 2009.

Source

Pierce County

Pierce County

City of Sumner

Pierce County
Sheriff

Pierce County
Sheriff

Flooding of Structures and Infrastructure (Roads/Bridges) [not already noted above]

RM 10.8 -RM 11.0
RB

RM 12.6 -RM 12.8

RB

RM 14.15 RB/LB

RM 16.7

RM 16.7

Flooding of SR 410 under railway bridge occurred in 1996, 2006,
2008, and 2009.

Flooding of 76th Street E. & 159th Avenue E. (off Riverside Drive)

during major floods closes roads. Highwater also deposits large
woody material on roads and threatens adjacent homes.

Flooding of 96th Street E. and bridge closed roads and wood
buildup on bridge piers.

128th Street E. Bridge woody debris buildup on piers.

Tacoma Water Line Bridge woody debris buildup on piers

Sediment and Gravel Bar Accumulation

RM 10.3-10.7

RM 10.3-10.7

RM 12.2-17.4

Gravel bar accumulation from the confluence of White River
upstream to Main Street bridge.

Large gravel bar along right bank adjacent to Sumner
Wastewater Treatment Plant causes flow constriction.

Gravel accumulation between Sumner and Orting a concern due
to reduced conveyance capacity and directing flows at levees,
damaging structures

Fish Habitat Problem Areas

RM 10.7 -RM 11.5
LB

RM 12.4 -RM 13.5
RB

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Levee/revetment construction cut off floodplain from river
channel, limiting rearing/spawning habitat (Sumner setback levee
location).

Revetment construction cut off floodplain from river channel,
limiting rearing/spawning habitat (Riverside Drive and Park
setback levee locations).
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Location

Flood Hazards in Pierce County

Problem Description

Fish Habitat Problem Areas (continued)

RM 13.2 -RM 14.0
LB

RM 15.2 - RM 16.0
RB

RM 15.8-RM 17.4
RB/LB

Public Access

RM 10.7-RM 11.5
LB

RM 12.8 -RM 13.4
RB

RM 15-16

Levee/revetment construction cut off floodplain and oxbow
wetlands from river channel, limiting rearing/spawning habitat
(Sportsman setback levee).

Levee/revetment construction cut off floodplain from river
channel, limiting rearing/spawning habitat (Fennel Creek setback
levee location).

Levee/revetment construction cut off floodplain from river
channel, preventing access to off-channel rearing/spawning
habitat (four setback levees).

Lack of connecting trail between Main Street and Foothills trail at
East Puyallup Trailhead.

Desire to maintain public access for boat launch and fishing at
Riverside Park if setback levee is constructed.

Lack of connecting trail between Foothills Trail and Fennel Creek
Trail across Puyallup River.

Source: Pierce County Surface Water Management records
LB = left bank; RB = right bank: RM = river mile

6.4.11 River Reach Management Strategies

Source

Puyallup Tribe,
Pierce County

Puyallup Tribe,
Pierce County

Puyallup Tribe,
Pierce County

Pierce County
Parks

Pierce County
Parks

Pierce County
Parks

®* The recommended river reach management strategies for the middle Puyallup River take into
account numerous conditions, as described below.

®* Development and land use in adjacent floodplain - the middle Puyallup River floodplain is
densely developed in Sumner, with rural residential and agricultural development upstream of
Sumner in the unincorporated area. The total assessed value of property in the 100-year
floodplain is $604.7. million ( EcoNorthwest 2022).

® River management facilities - Both the left and right banks of the Puyallup River are
constrained by levees and revetments along most of this reach.

® River channel gradient and width - Channel gradient varies from 0.17 to 0.25 percent within
this reach, and the width of the channel varies from 205 feet to 300 feet.

®* Presence of salmon spawning and rearing habitat - All species of salmon are found in the
middle Puyallup River, which provides access for all species of salmon to productive spawning
habitat, including Chinook, pink, chum, coho, and sockeye, as well as steelhead, bull, and

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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cutthroat trout. Coho and chum salmon, steelhead, and cutthroat trout all spawn within this
reach.

® The Middle Puyallup is a dynamic reach for sediment transport accumulation and incision.
Sediment consists of mostly gravel and sand below RM 12.0 and mixed gravel, cobble, and
sand between RM 12.0 and RM 17.4. The average riverbed elevation change from 1984 to 2009
was -0.1 feet to +2.0 feet between RM 10.4 and RM 12.0, -1.5 feet to +3.8 feet from RM 12.0 to
RM 15.6, and -1.8 feet to +1.5 feet from RM 15.6 to RM 17.4

The primary objective for the middle Puyallup River is to maintain the structural integrity of the
existing levee and revetment system so that the system continues to reduce risks to public health
and safety and reduce public and private property damage. Other objectives are to design
improvements to the levees and revetments so they provide a 100-year level of protection in
Sumner and reduce areas of the floodplain prone to flooding. Capital projects should take
advantage of opportunities to improve aquatic habitat through levee setbacks, riparian
re-vegetation, and strategic placement of large woody material.

The recommended river reach management strategies for the middle Puyallup are listed below:
Structural Management Strategies:

®* RM 10.3 -RM 12.0 right and left banks - The goal for levees should be 100-year design plus
three feet of freeboard. Revetments should be designed to resist channel migration.

®* RM12.0-RM 17.3 right and left banks - The goal for levees should be to maintain the current
(2009) level of protection. Revetments should be designed to resist channel migration.

Non-structural Management Strategies:

® Continue to follow floodplain development regulations.
® Acquire, buyout, or purchase development rights.

®* Maintain existing interim risk reduction measures until replaced by future capital project.

* Continue to have sandbags and a HESCO® barrier wall from RM 10.7 to 11.3.

6.4.12 Recommended Capital Projects

The following capital improvement projects are recommended to address the priority problem
areas identified in Table 6.13.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Riverine Flood Project Project Score: 53

Project Name: Rainier Manor/Riverwalk/Rivergrove and SR 410 Floodwall and Levee

Project webpage location: Projects in Planning | Pierce County, WA - Official Website
(piercecountywa.gov)

Project location: Puyallup River (Right Bank RM 10.7 - RM 12.0) within the Sumner city
limits (see Figure 6.24)

Estimated project cost over a 10-year period: $14.5 million

Total project cost: $14.5 million

What is at risk?

Base flood elevation in this section of the Puyallup River ranges from approximately 52 to 62 feet.
The existing Knutson revetment and levee on the right bank sits at an elevation of 48 feet to

64 feet. The surrounding development of Rainier Manor Mobile Home Park development sits
below the levee. When the levee overtops, the mobile home park and portions of SR 410 are
flooded and this area holds the water until floodwaters recede. The flooding causes a portion of
SR 410 to close (see Figure 6.25), and traffic is diverted to other routes. The adjacent Rivergrove
Apartments and Riverwalk developments experience localized flooding in the first floor units
closest to the river.

What is the recommended solution?

A combination of floodwall and flood berm would provide protection to the adjacent SR 410,
apartments, and mobile home park (see Figure 6.26). Between RM 10.7 and RM 11.0 and between
RM 11.46 and RM 11.8, the levee would be set back and raised. Between RM 11.0 and RM 11.46, a
floodwall would be constructed to protect the Rainier Manor Mobile Home Park. The height of the
levee and floodwall will vary between 6 feet to 10 feet to provide 3 feet of freeboard from the
100-year flood elevation.

What is the current status of the project?

This project is currently in the scoping and feasibility study phase. This project is projected to
begin in 2024.

What will take place with this project from 2023-2033?

Between 2023 and 2033, the following will take place: scoping, completion of a feasibility study,
preliminary engineering, land acquisition, and final engineering.

Who will Pierce County coordinate with on this project?

Pierce County will coordinate with the City of Sumner, USACE, NMFS, USFWS, and WDFW for this
project.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 6.24. Location of the Rainier Manor/Riverwalk/Rivergrove and SR 410 Floodwall and Levee
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Figure 6.26. Flooding November 7, 2006, Rainier Manor
Mobile Home Park, River Grove Apartments, Riverwalk
Figure 6.25. Flooding November 7, 2006, SR 410 Condos

What are the environmental considerations?

The proposed project is intended to be outside of the ordinary high water, so it is not expected to
need federal permitting. The project will require local permitting, including shorelines substantial
development.

Other Information or Needs

The proposed floodwall would increase the river base flood elevation by approximately 0.4 feet.
Any increase in excess of 0.001 feet will require mitigation to compensation for lost floodplain
storage and the small rise in the base flood elevation.

What are the Project Benefits/Drivers?

@ Flood Risk
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Riverine Flood Project Project Score: 54

Project Name: 128th Street Corridor River Improvements

Project webpage location: www.piercecountywa.gov/128Levee

Project location: Between RM 15.8 and RM 17.4.

The 128th Street East bridge crossing over the Puyallup River in which the upstream and
downstream reach of the Puyallup River is the study focus area. The study area is bounded by 116
Street East to the north, SR 162 to the west, McCutcheon Road to the east, and the Carbon River
confluence to the south (see Figure 6.27).

Estimated project cost over a 10-year period: $10.7 million

Total project cost: $80 million

What is at risk?

Base flood elevation in this section of the river is at approximately 114.9 to 121.1 feet. The
surrounding development sits at an elevation of between 112 to 130 feet. The current levee
system is intermittent, provides less than a 30-year level of service, and experienced extensive
flooding between 1996 and 2009. The existing right bank levee section abruptly ends, leaving a
1,400 foot gap in the right bank protection. This allows flood waters to backwater, thus making the
southern end of McCutcheon Road impassible and stranding approximately 20 homes due to
water over the roadway (see Figure 6.28). During flooding, these property owners are cut off from
emergency services and individuals take risks trying to navigate through flooded roadways.

Additionally, an old levee built in the 1930s is located approximately 350 feet east of the existing
right bank levee. The basin created between the old levee and the newer levee captures Dollar
Creek and overtops during flood stage. The presence of water on both sides of the newer levee
could potentially undermine the existing structure, leading to failure and flooding impacts to
public infrastructure (see Figure 6.29) (including roads, bridges, and levees), adjacent improved
properties, fish habitat, and water quality.

What is the recommended solution?

Conduct and complete a comprehensive setback levee feasibility study to identify flood reduction
alternative measures, score and rank identified alternatives, and recommend preferred
alternatives to implement for each the study areas.

Pierce County 2023 Comprehensive Flood Hazard Management Plan
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Figure 6.27. Location of the 128th Street Corridor River Improvements project
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Figure 6.28. Flooding in the study area looking Southeast
(upstream) of Puyallup River from north of 115th Street Figure 6.29. Flooding in the study area looking East at
East Puyallup River and 128th Street East Bridge

What is the current status of the project?

A draft report is being prepared that addresses the following:

1. Study area characterization for existing conditions

Description of identified and conceptual alternatives for each of the four quadrant areas
Hydrologic and hydraulic modeling of existing conditions

Hydraulic modeling that incorporates identified alternatives conditions

Property acquisition needs

General environmental permitting requirements

Public and stakeholder outreach review comments

© N o M W N

Preparing for a final round of public and stakeholder outreach to solicit review comments
regarding the proposed identified conceptual alternatives.

What will take place with this project from 2023-2033?

1. Complete the final feasibility study and report in 2023, which will provide recommendations
for prioritized recommended alternatives to implement.

2. Commence with preliminary design thereafter of the preferred and prioritized recommended
alternative(s).

3. Proceed to and complete 60 percent and final engineering design and construction plans.
4. Continue with needed property acquisition as property owner interest and funding allows.

5. Complete permitting applications and submit upon completion of 60 percent design plans,
depending on property acquisition status.

6. Proceed to construction of the selected preferred and recommended alternative.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 247 of 8 .




Chapter 6: Management Strategies and Recommended Capital Projects for
Flood Hazards in Pierce County
Who will Pierce County coordinate with on this project?
Pierce County will coordinate with the USFW, NMFS, WDFW, the Puyallup Tribe, USACE, and
Tacoma Water on this project.

What are the environmental considerations?

The project area is located in an area used by Endangered Species Act (ESA)-listed Puget Sound
Chinook, steelhead, and bull trout and within the Puget Sound Chinook and bull trout critical
habitat. A 404 permit (including federal consultation), State Environmental Policy Act (SEPA)
documentation, WDFW Hydraulic Permit Approval, PC Shorelines Substantial Development Permit,
and Critical Areas Approvals will be required for this project.

Other Information or Needs

Three projects have the potential to change the dynamics of the river in the area of the 128th
Street bridge:

®* The proposed City of Tacoma Water Pipeline No. 1 project, which will replace the existing
double pipeline that has an overwater crossing with a single pipeline crossing under the river.
Replacement of the overwater crossing will remove a mid-river pier; this could decrease the
base flood elevation.

® The Rhodes Lake Road East, which would construct a new road from the east side of 128th
Street East up the hillside and eventually connect to Falling Water Boulevard. The project—
which would include a new road between SR 162 and the Tehaleh development, a new bridge
over the Puyallup River, and extend another road to the current end of Falling Water
Boulevard East—would provide motorists with an alternative to Rhodes Lake Road East. For
more information on this project, visit the New Rhodes Lake Road East - SR 162 to Falling
Water Blvd (Various CRPs) web page of the Pierce County official website.

®* The construction of a new bridge crossing over Canyon Falls Creek at McCutcheon Road.
Canyon Falls Creek travels down a steep hill before flowing through a shallow channel beside
McCutcheon Road East for about 150 feet. The creek then crosses under the road through a
culvert. Over the years, the creek has deposited sediment into the shallow channel, thus
raising the creek bed elevation. Currently, the creek is at or near the same elevation of the
road, with sandbags preventing water from flowing over the roadway. In order to prevent
roadway flooding, Pierce County road maintenance crews previously received permits to
remove the sediment and lower the elevation of the creek. A new bridge would be constructed
where the creek meets the road, requiring the road to be raised. The creek would flow through
a new channel cut into a field located west of the road and reconnect with the existing creek
path. The sediment would be deposited in the new channel constructed in the field, reducing
sediment build-up. This design may change if the county decides to construct a setback levee
along McCutcheon Road East. For more information on this project, visit the Bridge #7195-F
McCutcheon Road East/Canyonfalls Creek web page of the Pierce County official website.
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® Floodplain connectivity and fish habitat improvements along Fennel Creek, upstream of where
it joins the Puyallup River. Previous work has included property acquisition, a 40-plus acre
floodplain restoration and channel restoration covering over 1,900 linear feet. Continued
habitat improvements and project construction continue into 2024.

What are the Project Benefits/Drivers?

Agriculture Fish Passage @ Flood Risk

Habitat Water Quality

o
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6.5 Upper Puyallup River

6.5.1 Overview

The upper Puyallup River reach begins at the confluence of the Carbon River at River Mile 17.4 and
continues upstream to the Champion Bridge at RM 28.6, just downstream of Electron Road, as
shown in Figure 6.30. The contributing drainage basin for this reach is approximately 188 square
miles. In the lower portion (RM 17.4 - 21.2) of this reach, the river is confined by a combination of
levees and revetments. In the middle portion there is less confinement due to the presence of two
setback levees, the Soldiers Home setback levee at RM 21.27 to RM 23.08 and Ford setback levee
at RM 22.51 to RM 24.80.Levees remain between RM 23.6 and 25.2. Upstream of RM 25.2 to

RM 28.6 only one levee remains intact along the right bank. Along the left bank from RM 27.54 -
27.89, an 1,800 foot long of levee remains along with a 1,300 foot segment of revetment from

RM 28.34 - 28.58. Between these two segments new setback revetments have been constructed to
protect Orville Road. The surrounding watershed and land use is mostly urban on the right bank
of the Puyallup near the City of Orting between RM 17.4 to RM 21.8, but predominantly
agricultural, rural residential and forested upstream of RM 21.8. Like the middle Puyallup River, by
the 1930s much of the valley and surrounding hills in the upper Puyallup River were harvested for
timber and the valley cleared for agriculture (GeoEngineers 2003).

Several tributaries enter the upper Puyallup River including Horse Haven Creek, Fiske Creek,
Kapowsin Creek, and Fox Creek. The largest tributary, Kapowsin Creek, originates in Lake
Kapowsin located approximately 3.7 miles upstream from its confluence with the Puyallup River
near RM 26.3. Salmon and trout, including Chinook, coho, pink, chum, and steelhead and bull
trout use the entire reach of the upper Puyallup River.
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Figure 6.30. Planning Area for the Upper PuyaIIup River
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6.5.2 Geology and Geomorphology

The upper Puyallup River valley is steeper and narrower compared with the lower and middle
Puyallup River reaches. Above the confluence with the Carbon River, the width of the Puyallup
River channel migration zone is generally defined by the remnants of the Electron mudflow, which
was deposited as a thick layer of mud that blanketed the Puyallup valley bottom about 500 years
ago. Abandoned channels situated near the main channel reflect relic channel locations, indicating
the potential for episodic avulsions (the rapid abandonment of a channel with the formation of a
new channel). The Puyallup River prior to Euro-American settlers was a braided river system that
nearly occupied the entire floodplain from valley wall to valley wall.

6.5.3 Hydrology and Hydraulics

The upper Puyallup River watershed is approximately 188 square miles and extends from Mount
Rainier National Park downstream past Orting. The upper Puyallup River receives flows from the
North and South Fork Puyallup Rivers, Mowich River, and several other tributary streams.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

-133
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 251 of 8 .




Chapter 6: Management Strategies and Recommended Capital Projects for
Flood Hazards in Pierce County
The USGS stream gauge (#12093500) upstream of Orting has a long-term record that dates back

to 1932. This gauge is located within a channel primarily composed of bedrock, which ensures the
gauge data are reliable. Flood frequency flows for the upper Puyallup River from the 1987 and
2009 FEMA Flood Insurance Studies and calculated by SWM through the 2009 water year are
presented in Table 6.14. The November 2006 flood on the upper Puyallup River resulted in a peak
flow of 21,500 cfs. Based on the Pierce County 2009 flood frequency discharge (how often or
frequent the discharge magnitude occurs) forecast, this was considered to have a recurrence
interval of approximately 160 years.

Table 6.14. Flood Frequency Flows for the Upper Puyallup River

Discharge (cfs)
50-year 100-year 500-year
Location 10-year Event Event Event Event Method

Upper Puyallup 11,700 16,400 18,400 23,400 1987 FEMA Flood
River gauge (above Insurance Study (Log
Orting, #12093500) Pearson Type Ill)
Upper Puyallup 12,200 16,800 18,600 22,600 2017 FEMA Flood
River gauge (above Insurance Study for
Orting, #12093500) Pierce County (and

NHC 2002 hydrology

report)
Upper Puyallup 13,100 18,900 21,400 - SWM 2022, (Adjusted
River gauge (above for precipitation and
Orting, #12093500) drainage area)

Source: FEMA and Pierce County Surface Water Management (based on United States Geologic Survey records)

@ SWM regression analysis (not official or formal published data)

The USGS channel conveyance capacity study (USGS 2010) indicates that the upper Puyallup River
between RM 17.4 and RM 28.6 can convey flows ranging from 6,000 to 17,200 cfs before
overtopping either the left or right bank (see Figure 6.31). The change in conveyance capacity since
a 1984 flood conveyance capacity USGS study has been variable for the channel reach between
RM 17.4 and RM 22.8. Overall, the trend mostly shows channel conveyance capacity to be
decreasing between 1984 and 2009, except for the segment of channel between RM 22.0 and

RM 23.0, where conveyance capacity has increased.
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Figure 6.31. Channel Conveyance Capacity for the Upper Puyallup River
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No cross-section measurements were made upstream of RM 22.8 in 1984, so there is no point of

comparison available.

6.5.4 Ecological Context and Salmonid Use

Along the upper Puyallup River, the floodplain narrows, the gradient steepens, and the channel
becomes increasingly braided. The substrate changes from gravel to cobble and boulders in the
upper segment. Side channels flow through immature stands of alder and provide some of the
most stable fish habitat within this reach. All species of salmonids use the upper Puyallup River.
The best habitat is found in side channels and at the mouths of tributaries. For spawning and
rearing, Chinook salmon and steelhead prefer the large side channels and stable main channel
areas near large pools with wood. Coho and chum salmon and cutthroat trout occupy smaller side
channels or along the margins of the main channel. Figure 6.32 shows some of the key habitat
features for salmonids in the upper Puyallup River, including rearing and spawning habitat for

coho, pink, Chinook, and steelhead.
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Flgure 6 32. Salmonoid Habitat in the Upper PuyaIIup River
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As a result of the Iast three recent maJor ﬂoods since 2006 the upper Puyallup River has
experienced rapid channel migration and bed load aggradation, which has led to an unstable
environment for spawning and rearing salmon. The river delivers large amounts of wood and
sediment to this reach from the glacier and forests upstream and deposits them into the levee-
constricted channel. Because the channel is constricted in most locations, the energy of the river is
not distributed across the floodplain, and salmon redds located in the main channel may have low
survival due to scour or excessive sediment deposition.

In the upper portions of this reach, the levees become less continuous and maintained. Some of
the bank hardening remains from an old railroad grade. Due to dwindling development upstream
of Orting, this reach holds high potential for restoration activities and floodplain reactivation.

6.5.5 River Management Facilities, Flooding, and Flood Damage

Levees and revetments form nearly continuous bank protection in the lower segment of the upper
Puyallup River system between RM 17.4 and RM 23.6. Near Orting, flood risk reduction facilities
help protect residential, commercial, and agricultural areas and public facilities. Above RM 23.6,
the levee segments were heavily damaged by major flood events between 1990 and 2009.

Pierce County currently owns and maintains approximately 16.12 miles of flood risk reduction
facilities along the upper Puyallup River in a combination of levees and revetments Table 6.15
contains a list of river management facilities in this reach, including ownership.

Table 6.15. Levees and Revetments in the Upper Puyallup River

Name Location® Ownership
Right Bank
Bartroff Revetment RM 17.38 - RM 17.53 Pierce County
High Cedars Levee RM 17.53 - RM 19.89, PL 84-99 Pierce County
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Calistoga Levee
Right Bank (continued
Jones Levee
Ford Levee
High Bridge Revetment

Neadham Road Levee

Flood Hazards in Pierce County

Location?
RM 19.89 - RM 21.26, PL 84-99

RM 21.27 - RM 22.50, PL 84-99
RM 22.51 - RM 24.80, PL 84-99
RM 24.80 - RM 25.44

RM 26.38 - RM 27.02, PL 84-99

Ownership

Pierce County

Pierce County
Pierce County
Pierce County Roads

Pierce County

Left Bank

South Fork Levee RM 17.52 - RM 18.49

RM 19.11 - RM 21.26, PL 84-99
RM 21.27 -RM 23.08, PL 84-99
RM 23.03 - RM 23.59, PL 84-99
RM 26.04 - RM 26.08

RM 26.85 - RM 26.98

RM 27.23 - RM 28.33

RM 28.33 - RM 28.58

Pierce County
Leach Road Levee Pierce County
Soldier's Home Levee Pierce County
McAbee Levee Pierce County
Larson Revetment Pierce County
Orville Road Revetment - Phase 1 Pierce County
Orville Road Revetment - Phase 2 Pierce County
Champion Bridge Levee/Revetment Pierce County
Source: Pierce County SWM records

@ PL 84-99 USACE Flood Control and Coastal Emergency Act

RM = river mile

6.5.6 Upper Puyallup River Flow Warning Matrix

The upper Puyallup River has four flow categories: Phase I, Action flow; Phase I, Minor flooding;
Phase Ill, Moderate flooding; and Phase IV, Severe flooding. These categories describe the
observed or expected severity of the flood impacts in that area. However, the severity of flooding
at a given stage is not necessarily the same at all river locations. Most river reaches in Pierce
County have a defined flow warning matrix that is used during flood events. Figure 6.33 shows the
flow warning matrix table for the upper Puyallup River.
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Figure 6.33. Upper Puyallup Flow Warning Matrix

Upper Puyallup River

River Mile Range: 17.4 - 28.6

From the mouth of the Carbon River to the bridge crossing

Phase I:

Action Flow

< 10,000 cfs
10.0 ft

Flow / Stage
Range

Phase II:
Minor Flooding

10,000 - 13,500 cfs
10.0-10.8"t

Phase IlI:
Moderate Flooding

13,500 - 16,000 cfs
10.8-11.31t

> 16,000 cfs
>11.31t

12093500

USGS Gauge Station #:

Gauge Name:
Puyallup River near Orting, WA

Gauge Location:

Near Orville Road E & Brooks Road E

River Mile:
25.21

Historical Flooding

The upper Puyallup River has experienced multiple high-water events during the period of record
(1932 - present) that have resulted in flooding (see Table 6.16). The largest flood event on record
at the USGS gauge near Orting occurred on November 6, 2006, with a flow of 21,500 cfs, estimated

to be an approximately 160-year event in the upper Puyallup River.

Table 6.16. Historical Flooding in Upper Puyallup River

Date Puyallup River Flow at Orting Gauge (cfs)

November 1932
December 1933
December 1955
November 1959
November 1962
January 1965
December 1977
January 1990
February 1996
November 1999
November 2006
November 2008
January 2009
November 2014
December 2015
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October 2017 11,900
February 2020 16,600
November 2021 15,100
February 2022 12,400

Flood Damage to Facilities

Flood damages to upper Puyallup River flood risk reduction facilities have been extensive in the
past three decades. Five significant flood events of more than 16,000 cfs have occurred along the
study reach since 1990. Damages sustained ranged from full washout of the flood risk reduction
structure over several hundred lineal feet to localized moderate scour and erosion. Damages from
the floods and high water events have resulted in approximately 243 identified damage locations
along 11.2 miles of levees and revetments. Damages have been estimated at nearly $41.62 million
(based on 2017 dollars). The upper portion of this Puyallup River reach between RM 25.4 and

RM 28.6 has historically been the most vulnerable to significant repetitive damages that require
repair and implementation of capital solutions to reduce flood risk.

Table 6.17 includes current damages to facilities from 1990 to 2021.

Table 6.17. Damage to Facilities along the Upper Puyallup River 1990 - 2021

DETET(]

Storm Season/ Lineal

Segment Name Bank River Mile Feet
1990
McAbee Left 23.6 100 Reshape and replace riprap and toe rock.
Ford - Historic Right 24.0 100 Reshape and replace riprap and toe rock.
The Country - Left 24.7 200 Partial washout.
Remnant
High Bridge Right 251 600 Restore damaged riprap.
Revetment
Fiske Creek Right 255 800 Reconstruction.
Revetment
Neadham Road- Right 25.9 280 Reconstruction.
Historic |
Neadham Road- Right 26.0 900 Reconstruction.
Historic |
Orville-Kapowsin Right 26.2 800 Reconstruction.
Orville-Kapowsin Left 26.2 150 Reconstruction.
Orville-Kapowsin Left 26.4 501 Reconstruction.
Orville-Kapowsin Right 26.4 700 Reconstruction.
Orville-Kapowsin Left 26.6 600 Washout.
Orville-Kapowsin Left 26.6 900 Reconstruction.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
Orville-Kapowsin Left 26.8 350 Partial washout.
Neadham Road Right 26.8 250 Reconstruction.
Orville-Kapowsin Left 27.0 800 Reconstruction.
Stehn Large Lot Left R27.2 500 Washout.
Stehn Large Lot Left 27.4 632 Reconstruction.
Griessel Left 27.6 1,000 Reconstruction.
Griessel Left 27.7 200 Partial washout.
Champion Bridge Left 28.5 400 Washout, restore channel alignment.
1991
Neadham Road Right 26.8 250 Reconstruction.
1992
High Bridge Right 254 160 Reconstruction.
Revetment
Neadham Road- Right 26.2 150 Reconstruction.
Historic li
1994
Jones Right 21.8 20 Repair of levee damages.
Ford - Historic Right 23.6 20 Repair of levee damages.
Ford - Historic Right 23.8 20 Repair of levee damages.
1995
Calistoga Right 19.8 - 500 Total levee failure.
20.2
Calistoga Right 20.0 375 Partial washout.
Leach Road Left 20.0 195 Reshape and replace riprap and toe rock.
Leach Road Left 20.2 300 Mostly toe failure with some slope failure.
Calistoga Right 20.7 100 Partial washout.
Leach Road Left 20.7 200 Partial washout.
Calistoga Right 20.9 200 Toe/slope failure.
Jones Right 22.3 250 Toe/slope failure.
Jones Right 22.4 200 Toe/slope failure.
Soldiers Home - Left 225 200 Partial washout.
Historic
Soldiers Home - Left 22.5 50 Total failure.
Historic
Soldiers Home Left 22.9 200 Partial washout.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
Ford - Historic Right 23.6 900 Total failure.
Ford - Historic Right 23.7 200 Partial washout.
1995 (continued)
The Country - Left 24.0 200 Partial washout.
Historic li
The Country - Left 24.0 800 Total failure.
Historic li
Mint Creek Left 25.1 300 Partial washout.
Neadham Road - Right 25.6 200 Partial washout.
Remnant |
Orville-Kapowsin Left 26.2 1,500 Full levee washout
Orville-Kapowsin Left 26.5 225 Partial washout.
Orville-Kapowsin Left 26.6 200 Partial washout.
Neadham Road Right 26.8 500 Partial washout.
Orville-Kapowsin Left 27.0 500 Full levee washout.
Griessel Left 27.6 400 Full levee washout.
Griessel-Historic Left 28.1 300 Cutoff levee, full washout.
Griessel-Historic Left 28.1 700 Full levee washout.
1996
High Cedars Right 17.6 400 Toe failure.
High Cedars Right 18.0 500 Toe failure.
High Cedars Right 18.0 400 Total failure.
South Fork Left 18.2 200 Levee access road damage.
High Cedars Right 19.0 100 Toe/slope failure.
Calistoga Right 19.8 - 500 Total levee failure.
20.2
Calistoga Right 19.8 - 1,200 Total levee failure.
20.2
Calistoga Right 20.0 375 Toe/slope failure.
Calistoga Right 20.2 200 Mostly toe failure, with some slope failure.
Leach Road Left 20.5 300 Toe/slope failure.
Calistoga Right 20.7 300 Toe failure.
Calistoga Right 20.8 100 Toe failure.
Calistoga Right 20.9 300 Toe/slope failure.
Calistoga Right 21.2 200 Toe/slope failure.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
Soldiers Home - Left 21.9 400 Toe/slope failure.
Historic
Jones Right 22.3 250 Toe/slope failure.
1996 (continued)
Jones Right 22.4 200 Toe/slope failure.
Jones Right 22.5 200 Total failure.
Ford Right 22.9 300 Toe/slope failure.
Ford Right 23.1 200 Total failure.
Ford - Historic Right 23.6 900 Total failure.
McAbee Left 23.6 1,200 Total failure.
The Country - Left 24.0 500 Total failure.
Historic li
The Country - Left 241 300 Total failure.
Historic li
Ford - Historic Right 24.6 1200 Total failure.
High Bridge Right 25.1 200 Total failure.
Revetment
Mint Creek Left 25.15 250 Toe/slope failure.
Neadham Road - Right 25.6 1,300 Total failure.
Remnant |
Neadham Road- Right 26.2 2,000 Total failure.
Historic li
Neadham Road Right 26.4 600 Total failure.
Neadham Road Right 26.6 1,000 Total failure.
Orville-Kapowsin Left 26.6 900 Toe/slope failure.
Orville-Kapowsin Left 26.7 1,200 Toe/slope failure.
Neadham Road Right 26.8 1,000 Total failure.
Orville-Kapowsin Left 26.8 2,000 Total failure.
Griessel Left 27.6 2,000 Toe/slope failure.
Griessel-Historic Left 28.0 2,500 Toe/slope failure.
Orville-Kapowsin Left 26.7 - 3,000 Total failure.
27.6
2003
Calistoga Right 21.0 300 Partial washout of the toe and levee facing.
Soldiers Home Left 22.8 220 Partial washout of the toe and levee facing.
Orville-Kapowsin Left 26.2 360 Partial washout of the toe and levee facing.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
Champion Bridge Left 28.2 40 Partial washout of the toe and levee facing.
2004
High Cedars Right 17.8 1,300 Partial washout of the toe and levee facing.
High Cedars Right 19.6 250 Partial washout of the toe and levee facing.
Leach Road Left 20.7 10 Re-establish heavy riprap around outfall pipe.
Soldiers Home - Left 22.3 250 Partial washout of the toe and levee facing.
Historic
2005
Soldiers Home - Left 22.3 100 Repair/replace toe and face rock.
Historic
2006
South Fork Left 17.7 40 Washout.
High Cedars Right 18.0 50 Washout.
South Fork Left 18.0 350 Washout.
High Cedars Right 19.4 150 Washout.
Leach Road Left 19.4 50 Washout.
Calistoga Right 19.8 100 Washout.
Leach Road Left 19.8 200 Washout.
Soldiers Home Left 22.6 100 Face erosion.
Ford Right 22.8 350 Washout.
McAbee Left 23.6 600 Washout.
Orville-Kapowsin Left 26.3 415 Washout.
Champion Bridge Left 28.4 450 Washout.
Champion Bridge Left 28.6 150 Washout.
Champion Bridge Left 28.6 700 Washout.
Neadham Road- Right 26.7 - 1,500 Washout.
Historic lii 27.0
2007
High Cedars Right 18.0 70 Washout.
Jones Right 22.0 200 Repair.
Orville-Kapowsin Left 25.7 500 Washout.
Orville-Kapowsin Left 26.2 200 Washout.
Neadham Road Right 26.7 330 Cut-off construction.
Neadham Road Right 26.4 - 1,600 Washout - USACE assistance.
26.8
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Damage
Storm Season/ Lineal
Segment Name River Mile Feet
2008
High Cedars Right 18.2 75 Toe rock failure and partial face rock failure.
High Cedars Right 18.5 175 Toe rock & partial face failure.
Leach Road Left 19.3 250 Top of levee/access road scour.
Leach Road Left 19.75 350 Partial washout of the toe and levee facing.
Jones Right 21.7 - 600 Partial washout of the toe and levee facing.
22.4
The Country - Left 23.6 - 620 Washout.
Historic | 23.8
Calistoga Right 19.82 200 Top surface access road scour.
Calistoga Right 20.78 130 Potential toe rock failure and face rock failure.
Calistoga Right 21.15 120 Potential toe rock failure and face rock failure.
Jones Right 21.3 450 Toe rock failure.
Soldiers Home Left 21.30 120 Toe rock failure.
Jones Right 22.0 300 Toe rock failure.
Jones Right 22.05 100 Toe rock failure.
Ford Right 22.8 150 Toe rock failure.
Soldiers Home Left 23.0 600 Toe rock failure.
McAbee Left 23.6 150 Partial levee core failure.
Ford Right 24.6 100 Toe rock failure.
Neadham Road- Right 26.3 738 Complete washout.
Historic li
Champion Bridge Left 28.3 127 Toe and face rock failure.
Champion Bridge Left 285 299 Partial washout.
2009
High Cedars Right 18.2 75 Toe rock failure and partial face rock failure.
High Cedars Right 18.8 700 High cedars facing rock failure.
Leach Road Left 19.3 250 Top of levee/access road scour.
High Cedars Right 19.4 120 Face rock failure.
Leach Road Left 19.8 520 Revetment 30 percent of facing rock missing.
Jones Right 22.1 200 Primarily face scour loss of face rock.
Jones Right 22.35 60 Primarily face scour loss of face rock.
Ford Right 22.7 150 Primarily face scour loss of face rock.
Soldiers Home Left 22.7 141 Primarily scour along the lower portion of the face

rock.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
2009 (continued)
McAbee Left 233 200 Primarily face scour loss of face rock.
McAbee Left 23.6 150 Partial levee core failure.
Neadham Road Right 26.8 130 Cut-off extension.
Champion Bridge Left 28.15 150 Complete washout of levee.
Champion Bridge Left 28.2 168 Primarily face scour loss of face rock.
Champion Bridge Left 28.25 300 Primarily face scour loss of face rock.
Champion Bridge Left 28.3 135 Toe scour causing face rock to slough away.
Champion Bridge Left 28.5 435 Primarily face scour loss of face rock.
2010
High Cedars Right 18.18 10 Small face scour pocket.
Leach Road Left 19.8 550 Toe and face scour - USACE assistance.
Soldiers Home Left 21.3 150 Slope and toe scour - USACE assistance.
Jones Right 21.4 500 Toe and partial embankment scour - USACE
assistance.
Soldiers Home Left 22.5 140 Slope and toe scour - USACE assistance.
Soldiers Home Left 22.7 175 Slope and toe scour - USACE assistance.
Neadham Road Right 26.8 - 550 Levee extension.
27.0
2011
Leach Road Left 19.9 60 Partial failure.
Ford Right 234 120 Face and toe rock failure.
Ford Right 24.7 300 Lower face scour.
High Bridge Right 253 90 Major face scour/scarp.
Revetment
Neadham Road Right 26.45 120 Face and toe rock failure.
Champion Bridge Left 28.3 100 Face rock failure & sloughing.
Champion Bridge Left 28.15 - 700 Face and toe rock failure.
28.3
2012
High Cedars Right 19.3 75 Toe scour.
Leach Road Left 19.9 60 Partial failure upstream end.
Calistoga Right 20.7 25 Knick point.
Soldiers Home Left 21.45 50 Lower face and possible toe scour.
Soldiers Home Left 22.6 50 Lower face erosion.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet

2012 (continued)

Ford Right 235 200 Toe scour.

McAbee Left 23.6 80 End of levee at rock point washed out to river mile
post sign.

Soldiers Home Left 23.6 80 End of levee at rock point washed out to river mile
post sign.

Ford Right 24.7 200 Toe scour and loss of lower face.

High Bridge Right 25.2 30 Knick point in revetment.

Revetment

High Bridge Right 25.4 50 Over steepened w/ lots of rock missing.

Revetment

Neadham Road Right 26.5 240 Face rock sloughing along entire length due to lost
toe rock or toe being lost.

Neadham Road Right 26.65 210 Toe rock missing, causing face to slough.

Neadham Road Right 26.7 75 Several upper-level toe rocks rolled out.

Champion Bridge Left 28.15 200 Continued damage from last year.

Champion Bridge Left 28.45 100 Sloughing moving upstream.

Champion Bridge Left 28.1-28.2 700 Sloughing.

2013

High Cedars Right 18.70 30 Toe rock and face rock missing with some core
erosion.

High Cedars Right 19.4 75 Knick point. Toe rock loss and face sloughing.

Ford Right 23.50 200 Toe scour.

Neadham Road Right 26.65 210 Toe rock missing causing face to slough.

Neadham Road Right 26.70 60 Toe rock is being scoured and causing the face to
slough.

Champion Bridge Left 28.3 100 Revetment repair.

2014

Soldiers Home Left 21.45 100 Lower face scour.

Neadham Road Right 26.4 300 Thalweg against toe causing scour along the lower
face and toe.

Neadham Road Right 26.6and 285 Toe scour causing lower face to slough.

26.7
Champion Bridge Left 28.2 - 400 Toe rock rolling out and face sloughing.
28.3
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Damage
Storm Season/ Lineal
Segment Name River Mile Feet

2015
High Cedars Right 18.15 100 Maintenance.
High Cedars Right 18.25 160 Missing face rock.
High Cedars Right 18.3 130 Missing face rock.
High Cedars Right 19.4 200 Maintenance.
Leach Road Left 19.4 200 Overtopping and scour over access road.
Leach Road Left 19.6 150 Overtopping and facing rock damaged.
Leach Road Left 20.3 10 Tree pulled in a chunk of levee.
Leach Road Left 21.0 75 Toe and face rock missing.
Soldiers Home Left 21.45 40 Levee rehabilitation.
McAbee Left 23.2 100 Core exposed.
Ford Right 23.60 100 Missing face and toe rock.
McAbee Left 23.6 100 Buttress end has started to erode.
Ford Right 24.70 300 Full washout over 200 LF. Orville road only 40 feet

away.
Ford Right 24.70 400 Washout of levee. Emergency repair.
High Bridge Right 25.2 60 Face scour, sloughing, loss of toe rock.
Revetment
High Bridge Right 25.35 350 Face scour and loss of toe rock.
Revetment
Neadham Road Right 26.4 150 Missing face rock.
Griessel Left 27.7 30 Access road at culvert damaged.
Champion Bridge Left 28.15 40 Erosion at end of Champion Bridge Levee.
Champion Bridge Left 28.2 110 Missing toe and face rock.
Champion Bridge Left 28.2 220 Severe face scour.
Champion Bridge Left 28.2 450 Emergency - levee rehab
Champion Bridge Left 28.25 150 Missing face rock and over steepened.
Champion Bridge Left 28.25 100 Project has grown from 150 to 250 from

November Flood.
Neadham Road Right 26.6 & 80 Levee rehabilitation.

26.7

2017
High Cedars Right 17.6 1 Over steepened.
High Cedars Right 18.6 100 Toe and face rock failure.
High Cedars Right 18.77 40 Toe and face rock failure.
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Damage
Storm Season/ Lineal
Segment Name ET River Mile Feet
Leach Road Right 19.3 800 Access road damage.
2017 (continued)
Soldiers Home Left 22.8 - 900 Levee rehabilitation.
22.9
Leach Road Right 19.9 25 Scour at top of levee.
Leach Road Left 20.2 60 Localized scour. Missing toe and face rock.
Leach Road Left 20.7 50 Localized scour. Missing toe and face rock.
Leach Road Left 21.0 310 Face and toe rock failure.
Jones Right 22.2 500 Toe rock failure.
McAbee Left 23.6 160 Further erosion of buttress.
Ford Right 24.6 400 Levee washout.
High Bridge Right 25.4 50 Upstream end of past repair project is damaged.
Revetment
Neadham Road Right 26.65 125 Thalweg against toe causing scour along the lower
face and toe.
Champion Bridge Left 28.2 150 Emergency - levee rehabilitation.
Champion Bridge Left 28.2 175 Further damage at end of levee.
Champion Bridge Left 28.25 50 Project has grown from 150 linear feet to 250 liner
feet from the November flood.
Champion Bridge Left 28.25 50 More toe and face rock missing.
2018
Leach Road Left 21.0 465 Erosion and bank caving.
Jones Right 22.2 300 Erosion and bank caving.
Ford Right 24.6 400 Emergency - levee rehabilitation.
2019
High Cedars Right 17.6 400 Erosion of face and toe rock.
High Cedars Right 18.6 466 Over-steepened and rock missing.
High Bridge Right 254 202 Levee rehabilitation.
2020
Leach Road Left 20.6 800 Levee rehabilitation.
Ford Right 24.5 200 Emergency - levee rehabilitation.
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6.5.7 Key Accomplishments since the 2018 Flood Plan Update

Major Projects

Since the 2018 Flood Plan Update was completed, Pierce County has carried out an annual
program that includes maintenance and repair of revetments and levees, listed in Table 6.15, as
well as the capital projects noted below and major repairs shown in Table 6.18.

South Fork Floodplain Restoration Project

This project, which was completed in 2018, reconnected about 42 acres of floodplain and
constructed a 4,200-foot-long major side channel that includes many engineered log jam
structures, pools, riffles, and other natural wood features. Figures 6.34 and 6.35 shows the flood
flows along South Fork since the completion of the project. The benefits of this project include the
following:

® Flood risk reduction for neighborhoods along the east side of the Puyallup River.

® Restoration of the floodplain, which allows the river to function more naturally by providing
flood storage in a new side channel.

® Provides salmon habitat for spawning during the summer and fall for juvenile salmon rearing
during the winter. This is especially beneficial to endangered chinook salmon.

This project was funded by grants from the Department of Ecology, Salmon Recovery Funding
Board, Floodplains by Design, and Pierce County Real Estate Excise Tax. Additional information on
this project can be found at Completed Project web page of the Pierce County website.
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Figure 6.34. Flood flows Entering South Fork from Figure 6.35. Bypass Channel on South Fork during
the Puyallup River Flood Flows

Orville Road Revetment and Channel Migration Protection

Pierce County has completed multiple phases of setback revetments between RM 27.9 and

RM 28.35 since 2013. The last phase along this reach was completed in 2022 and reconnected
approximately 70 acres of floodplain. The project was constructed to remove repetitive loss
properties from the floodplain, protect Orville Road, and reconnect critical salmon habitat to the
floodplain. Additional information on this project can be found online at the Puyallup River Flood
Protection at Orville Road web page of the Pierce County website.

Table 6.18 shows major repairs, generally 400 lineal feet or more in length, along the upper
Puyallup River following significantly large storm events. Records maintained by Pierce County
show several major repairs have been completed between RM 17.3 and RM 28.6.

Table 6.18. Major Repairs Completed on Upper Puyallup River since 2018 Flood Plan

Storm Season/ Damage Lineal
Segment Name Bank River Mile Feet Damage

2014
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Storm Season/ Damage Lineal
Segment Name Bank River Mile Feet DETQET-L
Champion Bridge Left 28.2-28.3 400 Toe rock rolling out, face
sloughing. Face scour, face
rock missing, and sloughing.

2015

Ford Right 24.70 400 Washout of levee. Emergency
repair.

Champion Bridge Left 28.2 450 Emergency levee
rehabilitation.

2017

Soldiers Home Left 22.8-22.9 900 Levee rehabilitation.

Jones Right 22.2 500 Toe rock failure 300 -500LF.

Ford Right 24.6 400 Levee washout.

2020

Leach Road Left 20.6 800 Levee rehabilitation.

6.5.8 Land Acquisitions

About 14 acres of property was acquired between 2018 and 2021 along the Upper Puyallup reach.
These property acquisitions supported the Neadham Road capital project.

6.5.9 Flood and Channel Migration Hazard Mapping

Hazard mapping in the upper Puyallup River includes detailed flood studies (FEMA/NHC 2006) and
the creation of DFIRMs, which became effective as of March 2017. Flood-prone areas along the
upper Puyallup River include the High Cedars Golf Club, local roads such as Orville Road and
Neadham Road, numerous roads and structures in the Village Green area of Orting, agricultural
and rural lands and structures in unincorporated Pierce County, and Orting School District
property.

In order to publish the countywide DFIRMs, areas that were affected by non-accredited levees
were “secluded” from the map update. This means that most of the Puyallup valley in the vicinity
of Orting is still showing the same flood risk as it was understood in the 1970s. The DFIRMs in the
vicinity of Orting show 1,830 acres within the SFHA or 100-year floodplain, and unincorporated
Pierce County regulates an additional 212 acres as flood fringe. The mapped 119 acres of DFF
water floodway area is only in the unincorporated areas. From 2016 to 2019, FEMA, Pierce County,
and the City of Orting participated in a levee analysis and mapping process. The resulting study
completed in 2019 shows an increased area of flooding in Orting. FEMA has indicated they will
update the FIRM after a levee analysis and mapping process study is completed on the Carbon
River.
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Severe, moderate, and low CMZs were mapped for the upper Puyallup River (GeoEngineers 2003),
and the severe risk area was adopted in November 2004 as floodway. The severe CMZ covers an
area of 1,325 acres. Pierce County regulates severe CMZ mapped areas as floodway in accordance
with PCC Chapter 18E.70. Active erosion has been occurring upstream of Orting in the last few
years.

6.5.10 Problem Identification

Table 6.19 identifies flooding and channel migration-related problems in the upper Puyallup River.

Table 6.19. Flooding-related Problems Identified in Upper Puyallup River

Location Problem Description Source

Levee and Revetment Overtopping and Breaching

RM 18.0-RM 19.2  Levee overtopping floods, High Cedars Golf Course. Pierce County
RB
RM 19.2 -RM 19.8  Levee overtopping damaged levee and levee access road. Pierce County
LB

RM 22.5 - RM 22.55 Levee overtopping floods, Calistoga Street and baseball fields.  City of Orting
RB

Tributary Backwater Flooding

RM 25.3 RB Backwater flooding at Fiske Creek results in flooding of Pierce County
Brooks Road bridge, causing road closure.

RM 26 LB Kapowsin Creek backwater flooding impacts Orville Road Pierce County
bridge over creek.

Public Safety/Emergency Rescues

RM 25.8 - RM 26.5  Emergency evacuations of Neadham Road area occurred Pierce County
RB during 1996 flood event

Channel Migration Problem Areas

RM 23.6 - RM 23.9  Channel migration occurred numerous times since 1995, Pierce County
LB eroding left bank levee upstream of Rock Point.

RM 23.9 - RM 25 Channel migration causes bank erosion, threatening six to Pierce County
LB eight homes in “The Country.”

RM 26.1 - RM 26.3  Channel migration upstream of high bridge eroding bank Pierce County
LB near Brooks Road and upstream during 2006, 2008, and 2009.

RM 26.4 - RM 26.8  Channel migration threatens Orville Road. Pierce County
LB

RM 28.1 - RM 28.4  Channel migration downstream of Champion Bridge Pierce County
RB threatens forested area.

Flooding of Structures and Infrastructure (Roads/Bridges) [not already noted above]

RM 20.6 - Leach Road E. flooding north of Calistoga bridge. Pierce County
RM 21.251LB Roads
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Location
RM 21.25 LB/RB

Problem Description
Calistoga bridge is a constriction point for flow (gravel
deposition, large woody material impacting bridge).

RM 25.4 - RM 27.0 Neadham Road E. flooding causes road and infrastructure

RB damage during major floods.

Sediment and Gravel Bar Accumulation

RM 19.4-21.25 Gravel bar accumulation downstream of Calistoga bridge
reduces conveyance capacity.

RM 22.5-28.64 Gravel accumulation upstream of Calistoga bridge reduces

conveyance capacity and threaten levee integrity.
Facility Maintenance and Repair Needs

RM 17.4 -RM 19.8
RB

RM 19.8 - RM 28.6

High Cedars levee suffers damage during every large flood
(1990, 1995, 1996, 2006, 2008, 2009).

Numerous locations along levees and revetments have
required repairs following many flood events.

Fish Habitat Problem Areas

RM 17.8 - RM 18.1
LB

Historical side channel habitat and wall-based cool water
channel has been cut off from Puyallup River by revetment
construction.

RM 19.2 - RM 20.2
LB

Levee/revetment construction cut off floodplain from river
channel, limiting rearing/spawning habitat (Horsehaven and
150th St. setback levee locations).

RM 21.3 -RM 23.0
RB

Levee/revetment construction cut off floodplain from river
channel, limiting rearing/spawning habitat (190th Ave.
upstream/downstream levee setback locations).

RM 24.8 - RM 25.2  Mint Creek wetland cutoff from Puyallup River by remnant left

LB bank levee preventing off-channel rearing.
RM 27.0-RM 28.2  Remnant railroad bed limits channel migration which
RB degrades riparian habitat and connection with floodplain.

Public Access

RM 17.5-RM 17.6
RB

RM 29 - RM 30 RB

McMillan trailhead - Lack of public access to water (e.g., for
fishing or viewing).

Lack of access to river/water; interest in new regional park in
Kapowsin vicinity near river.

Source: Pierce County SWM records.
LB = left bank; RB = right bank; RM = river mile.
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6.5.11 River Reach Management Strategies

®* The recommended river reach management strategies for the upper Puyallup River take into
account numerous conditions, as follows.

®* Development and land use in adjacent floodplain - The upper Puyallup River floodplain is
densely developed along the right bank in Orting, but otherwise rural residential and
agricultural in land use. The total assessed value of property in the 100-year floodplain is
$127.2 million (EcoNorthwest 2022).

®* River management facilities - Both the left and right banks of the Puyallup River are
constrained by levees and revetments downstream of RM 23.6. Above RM 23.6 to the
Champion Bridge, there are limited facilities.

® River channel gradient and width - Channel gradient varies from 0.16 to 1.14 percent. Channel
width varies from 130 feet to 1,200 feet, with the widest segments of the channel between
Orville Road and Neadham Road and in the area of the two levee setbacks at Ford and Soldiers
Home.

®* Presence of salmon spawning and rearing habitat - Most species of salmon are found in the
upper Puyallup River, including Chinook, pink, chum, and coho, as well as steelhead, bull, and
cutthroat trout. Both spawning and rearing habitats are present.

® Sediment transport accumulation and incision - This reach is dominated by sand, gravel, and
cobble, with extensive boulders above RM 22.5. The average riverbed elevation change is from
0 feet to +4.0 feet between 1984 and 2009 from RM 17.4 to RM 22.5 and -0.5 feet to +7.5 feet
from RM 22.5 to RM 25.7.

The primary objective for the upper Puyallup River is to maintain the structural integrity of the
levee and revetment system so the system continues to reduce risks to public health and safety
and reduce property and infrastructure damage. Since the 2013 Flood Plan was completed, the
City of Orting has constructed a setback levee that is adjustable to meet the changing level of
design. The existing recommended design and management strategy has the ability to be
retrofitted to adapt to future conditions.

The recommended river reach management strategies for the upper Puyallup River are presented
below:

Structural Management Strategies:

®* RM 17.4-RM 19.4 left bank; RM 19.1-RM 22.5 left bank; RM 22.5-RM 28.6 right and left bank -
Goal for levees is to preserve the existing infrastructure.
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®* RM 19.4-RM 22.5 (right bank) - The goal for levees should be 100-year design plus three feet of
freeboard.

®* Revetments should be designed to resist channel migration.

®* New revetments designed and constructed to protect Orville Road will implement a
preventative design strategy.

Non-structural Management Strategies:

® (Continue to follow floodplain development regulations.
® Acquire, buy out, or purchase development rights.

* Develop a legal process to remove or modify flood risk reduction infrastructure.

®* There are no IRRMS on the Upper Puyallup reach.

6.5.12 Recommended Capital Projects

The following capital improvement projects are recommended to address the priority problem
areas identified in Table 6.19.
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Riverine Flood Project Project Score: 53

Project Name: Ford Levee Setback - Capital Maintenance

Project webpage location: Ford Setback Levee Preservation | Pierce County, WA - Official Website
(piercecountywa.gov)Project location: Puyallup River Right Bank, RM 23.5-RM 24.9 (see

Figure 6.36)

Estimated project cost over a 10-year period: $2.0 million
Total project cost: $2.3 million

What is at risk?

Repetitive damages to setback levee resulting from channel migration as seen in Figures 6.37 and
6.38. The frequency and severity of damages have been increasing over the past decade. Failure
of this levee has a high likelihood of negatively impacting Orville Road and local residents.

What is the recommended solution?

Rebuild and improve the levee within its existing footprint to resist channel migration and to
withstand increasing flow events and their intensity and volume.

What is the current status of the project?

This project is currently in the planning alternative analysis phase.
What will take place with this project from 2023-2033?
Planning, design, and permitting will take place. Construction currently is estimated for 2025.

Who will be involved in project coordination?

Pierce County will coordinate with the USACE, NMFS, USFWS, Ecology, WDFW, Pierce County,
Muckleshoot Indian Tribe (Muckleshoot Tribe), and Puyallup Tribe for this project.

What are the environmental considerations?

The project site is within an area identified as Chinook salmon spawning habitat. Several side
channels currently exist in the project area and most likely provide juvenile rearing and adult
spawning habitat. The best habitat in the main channel is provided near the large stable log jams.
The site is also used extensively by bald eagles.

What are the Project Benefits/Drivers?

@ Flood Risk
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Figure 6.36. Location of the Ford Levee Setback-Capital Maintenance Project

1,000 Feet
=== Capital Improvement Projects " | Regulated Floodplain 1
Levees and Revetments Regulated Floodway W%}é :
(2] River Mileposts t.ms City Boundaries s
@ 2023 Comprehensive Flood Hazard Management Plan % Pierce County

Pierce County 2023 Comprehensive Flood Hazard Management Plan

-157
@ Pierce County
Exhibit A to Ordinance No. 2023-41, Page 275 of 8 .



Chapter 6: Management Strategies and Recommended Capital Projects for
Flood Hazards in Pierce County

Figure 6.37. Flooding on the Ford Levee, October 22,2017 Figure 6.38. Flooding on the Ford Levee, February 7, 2022
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Riverine Flood Project Project Score: 54

Project Name: Neadham Road Floodplain Reconnection

Project webpage location: https://www.piercecountywa.gov/DocumentCenter/View/110020/FINAL-
2022-2027-SWIP?bidld=

Estimated project cost over a 10-year period: $3.1 million
Total project cost: $10.5 million

Project location: The project is located on the right bank of the Puyallup River from
RM 25.3 to RM 27.0 (see Figure 6.39).

What is at risk?

This section of the upper Puyallup River is highly dynamic and is actively migrating toward the
right bank. The existing levee system provides less than a 100-year level of flood protection and
has experienced substantial damages from past flood events, particularly since the November
2006 flood event (see Figure 6.40). The levee segment from RM 25.55 to RM 26.4 has been
completely destroyed by the river. The remaining levee segment extends from RM 25.55 to

RM 26.9 (see Figure 6.41). The base flood elevation for this river segment lies between 374 feet at
RM 25.3 and 467 feet at RM 27.0. The adjacent residential properties within the floodplain lie
approximately two feet below the surrounding flood elevation. Additionally, during periods of high
flows, Fiske Creek is unable to discharge to the Puyallup River, which leads to flooding of Brooks
Road and Neadham Road that makes the roads impassable and cuts off the homes that remain.
As of 2022, only 3,379 feet of levee remain.

What is the recommended solution?

Pierce County continues to actively purchase properties in the area with the ultimate goal of
removing all residences within the flood hazard areas, including the AE zone (areas subject to
inundation by the one percent annual chance flood event), CMZ, and area(s) of DFF waters. The
long-term goal is to minimize and/or eliminate Pierce County's responsibility to maintain an area
that experiences repetitive flood damages along the Neadham Road corridor. Neadham Road
would be abandoned in place, and protective measures would be constructed to preserve Brooks
Road.

Who will Pierce County coordinate with on this project?

Pierce County will coordinate with the USACE, NMFS, USFWS, Ecology, WDFW, Pierce County,
Muckleshoot Tribe, and Puyallup Tribe for this project.
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Figure 6.39. Location of the Neadham Road Floodplain Reconnection Project
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Figure 6.40. 2006 Flooding of Neadham Road Area Figure 6.41. Levee Remnant at RM 26

What are the environmental considerations?

The upper Puyallup River supports a variety of salmonid species, including ESA-listed Puget Sound
Chinook, Puget Sound steelhead, and bull trout. Reconnection of the floodplain will increase
habitat in this reach of the river system. In the short term, the construction of the setback levee
will require a Shoreline Substantial Development permit and Critical Areas approval from Pierce
County and a Hydraulic Project Approval from the WDFW. This project will not require a Section
404 permit from the USACE.

Other Information or Needs

Kapowsin Creek flows north along the west side of the project area and enters the Puyallup River
at RM 26.3. Kapowsin Creek is the largest and most productive Chinook and steelhead spawning
tributary in the upper Puyallup River.

What is the current status of the project?

The project is in the final stages of acquiring the two remaining properties and in preliminary
design phase for the protection of Brooks Road. When these properties are acquired, the county
will abandon Neadham Road and remove the existing levee to allow the river to flow more
naturally.

What will take place with this project from 2023-2033?

The project will be in the design, permitting, construction, and post construction monitoring
phases during this period.

What are the Project Benefits/Drivers?

. [FJh Habitat Conservation Plan
Habitat 5@
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Riverine Flood Project Project Score: 53

Project Name: Orville Road Revetment at Kapowsin Creek

Project webpage location: www.piercecountywa.gov/6316/Orville-Road-at-Kapowsin-Creek

Project location: Puyallup River left bank from RM 26.3 to 26.8 (see Figure 6.42)

Estimated project cost over a 10-year period: $3.8 million

Total project cost: $8.4 million

What is at risk?

This stretch of the upper Puyallup River left bank levee has been severely damaged in numerous
locations by channel migration and erosion, which threatens approximately two miles of Orville
Road, a major north-south arterial highway in eastern Pierce County (see Figure 6.43). Prior to the
flood event of 2006, the existing levee provided less than 20-year protection (see Figure 6.44). At
present, it provides no flood protection. During the 2006 event, over 2,000 lineal feet of the levee
was washed away. On the downstream portion of the levee, the Puyallup River breached the levee
and sent flows behind the remaining levee segment and into the Kapowsin Creek channel. Since
the river occupied the Kapowsin Creek channel, it migrated over 200 feet to the left bank and is
now eroding away hillside and is moving towards Orville Road. The base flood elevation in this
area ranges from 420 to 430 feet. There is now risk that channel migration will affect Orville Road
East, which is an important primary arterial for eastern Pierce County.

What is the recommended solution?

A combination of setback revetment through a portion of the project reach, combined with
engineered log jams installed throughout the floodplain. The project will provide approximately 26
acres of floodplain reconnection and contribute to decreased floodwater elevation and velocities.
The project will also provide critical off-channel salmon habitat.

Who will Pierce County coordinate with on this project?

Pierce County will coordinate with the USACE, NMFS, USFWS, Ecology, WDFW, Pierce County,
Muckleshoot Tribe, and Puyallup Tribe for this project.

What are the environmental considerations?

The Puyallup River supports a variety of salmonid species, including ESA-listed Puget Sound
Chinook, Puget Sound steelhead and bull trout. Kapowsin Creek flows enter the Puyallup River at
RM 26.3. Kapowsin Creek is the largest and most productive Chinook and steelhead spawning
tributary in the upper Puyallup River.

What is the current status of the project?

This project is currently in the preliminary design stage. Completion of 60 percent plans and
submission of environmental permit applications is anticipated in 2023.
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Figure 6.42. Location of the Orville Road Revetment at Kapowsin Creek Project
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Figure 6.43. Photo showing damage to Orville Road Figure 6.44. 2020 Aerial Image of Orville Road

Revetment Project Reach
Source: NSD 2022
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What will take place with this project from 2023-2033?

Final design, permitting, and project implementation will take place.

What are the Project Benefits/Drivers?

Habitat
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Riverine Flood Project Project Score: 59

Project Name: Jones Setback Levee

Project webpage location: www.piercecountywa.gov/7179/|ones-Levee-Setback

Project location: The project is located on the right bank of the Puyallup River from
RM 21.2 to 22.5 upstream of Calistoga Bridge in Orting (see Figure 6.45.

Estimated project cost over a 10-year period: $20.2 million
Total project cost: $26.1 million

What is at risk?

The base flood elevation for this area is between 199 feet and 235 feet and the surrounding
development is approximately between 198 and 240 feet. The existing levee system between

RM 21.2 and RM 22.5 provides less than 100-year protection and is not accredited by FEMA.
Should the levee overtop, the water will flow behind the newly built Calistoga/Ken Wolf levee and
enter back into the river at approximately RM 19.8, thus flooding Orting west of SR 162. Since
1990, major flood events occurred in 1990, 1996, 2006, 2009, 2014, 2015, 2017, and 2020.

What is the recommended solution?

The Jones Levee project (see Figure 6.45) will extend the Calistoga/Wolfe Levee farther upstream,
ending at high ground. This will prevent flood waters from getting behind Calistoga/Wolfe Levee
and greatly reduce Orting's flood risk. Both of these projects are designed as “setbacks,” which
means the river is given more room to naturally meander. This extra room is also useful during a
flood, by lowering the flood levels and taking pressure off of the levee system. The project will also
include breaches in the existing levee to allow the river to move debris and sediment downstream
naturally and slowly.

Who will Pierce County coordinate with on this project?

Pierce County will coordinate with the City of Orting, Pierce County, Puyallup Tribe, Ecology,
WDFW, USFWS, NMFS, USACE, and WSDOT for this project.

What are the environmental considerations?

The Puyallup River supports a variety of salmonid species, including ESA-listed Puget Sound
Chinook, Puget Sound steelhead, and bull trout. Implementation of this project will significantly
increase their habitat in this stretch of the river system.

What is the current status of the project?

Currently the project is in the feasibility engineering phase. The work for this phase is complete
and the internal USACE review and approval to proceed with the design phase is currently
occurring.
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Figure 6.45. Location of the Jones Setback Levee Project.
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Figure 6.46. Existing Jones Levee looking downstream

What will take place with this project from 2023-2033?
Actions that will take place during this period include design, final design, construction, and

project monitoring.
% Habitat

Pierce County requested USACE assistance to address flood risk in the watershed. Modifications to
Jones Levee (see Figure 6.45) to protect Orting were originally evaluated as part of the Puyallup
River General Investigation Study from 2009 to 2018 by the USACE Seattle District in partnership
with Pierce County.

What are the Project Benefits/Drivers?

@ Flood Risk

Other information or Needs

The USACE released a Draft Integrated Feasibility Report and Environmental Impact Statement
(FR/EIS) for the General Investigation Study in 2016, which recommended raising Jones Levee.
Significant public comments and concerns were put forward, with the raise-in-place
recommendation due to environmental impacts associated with the levee modification.

The Puyallup River General Investigation Study was cancelled in 2018 due to economic infeasibility
(costs outweighed benefits), so the USACE recommended Pierce County pursue the current Jones
Levee project path.
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6.6 Lower White River

6.6.1 Overview

The lower White River reach begins at the confluence with the Puyallup River and extends
upstream to near RM 5.5 at the Pierce County/King County line, as shown in Figure 6.47. The lower
White River flows through the cities of Auburn, Pacific, and Sumner before joining the Puyallup
River at RM 10.3. Several tributaries enter the lower White River in this reach, including Bowman
Creek, Government Ditch, Soatan-Jovita Creek, and Salmon Creek. This watershed is
approximately 496 square miles.

Prior to 2004, the majority of flow in the White River was diverted by Puget Sound Energy’s Buckley
Diversion Dam located near RM 23.0. The Buckley Diversion Dam sent flow to Lake Tapps for
power generation. Return flows from Lake Tapps enter the White River near RM 3.6. The dam is
now owned by the Cascade Water Alliance and no longer produces energy.

The White River is well known for its large sediment discharge and high turbidity levels. The heavy
sediment load is the combined result of a relatively young channel and glacial headwaters (King
County 1988).

Prior to 1906, the White River (Stuck River) flowed north past Auburn, where it joined the Green
River and flowed to Elliott Bay in Seattle. Record flood flows in November 1906 caused a massive
log jam that pushed flood flows into the Stuck River channel to the south and out through the
Puyallup River to Commencement Bay. This became permanent in 1914 with the construction of a
diversion dam in Auburn near RM 8.0. Between 1914 and the mid-1930s, the lower White River
was channelized and confined by a combination of revetments or levees.

Prior to development, the Stuck (lower White River) valley was flat, swampy lowland positioned
between the Puyallup River and White River. Lower White River valley soils are composed of fine
sand, silt, and peat, which suggests that the area was subject to periodic flooding and backwater
ponding. During periods of high flows, the White River would be diverted by wood debris jams into
the Stuck River valley (GeoEngineers 2003).

Today, substantial residential, industrial, and commercial development exists along the lower
White River valley within Sumner and Pacific. Salmon and trout, including bull trout, cutthroat
spring, fall Chinook, coho, sockeye, pink, chum, and steelhead, use the entire reach of the lower
White River.
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Figure 6.47. Planning Area for the Lower White River
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6.6.2 Geology and Geomorphology

The White River flows in a lightly meandering pattern in a southwesterly direction from the

Muckleshoot Indian Reservation to the county line, RM 8.8 to
RM 5.5. Above this point, the White River flows through a
canyon the river has cut within the late Holocene (last

5,000 years) into glacial and volcanic lahar sediments (Collins
and Sheikh 2004). Sediment generated from incision of the
White River canyon augmented sediment from the Osceola
and later lahars to build a large alluvial fan in Auburn and
Pacific, mostly downstream of RM 7.6. The White River consists
of several meander bends from the Pierce County line at

RM 5.5 to the Lake Tapps return flow at RM 3.6. The meander

Alluvial Fan

A sedimentary deposit located at
a topographic break, such as the
base of a mountain front,
escarpment, or valley side, that is
composed of streamflow and/or
debris flow sediments and which
has the shape of a fan, either fully
or partially extended.

bends appear to be relatively stable, primarily due to the construction of revetments after the
1914 diversion of the White River. Aggradation documented by recent monitoring in this section of
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the river indicates that sediment flux and transport capacity are not in balance. Channel gradient
decreases steadily from 0.19 to 0.23 percent in a downstream direction from RM 5.6 to RM 3.6.
From RM 3.6 to RM 0.0, the gradient varies from 0.03 to 0.1 percent. Downstream of RM 3.6, the
channel is generally straight and incised, with incision increasing downstream (GeoEngineers
2003). The lower 1.4 miles of the river is entrenched by as much as 15 feet and entirely
disconnected from its floodplain. The mapped severe CMZ is narrow in the incised reach from
RM 0.0 to RM 3.2.

Analysis by the USGS as part of a conveyance capacity study (USGS 2010) indicates an average
river bed elevation change of -0.5 feet to +2.0 feet between 1984 and 2009, from the mouth of the
White River at RM 0.0 to approximately RM 4.0 (see Figure 6.48). Between RM 4.0 and RM 5.5, the
average bed elevation has increased from +2.0 to +5.0 feet, with even larger increases (+6 feet)
occurring north into King County.

Figure 6.48. Change in Average Riverbed Elevation between 1984 and 2009
on the Lower White River
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6.6.3 Hydrology and Hydraulics

The White River flows about 75 miles from its source at the Emmons and Winthrop glaciers on
Mount Rainier’'s northeast side to its confluence with the Puyallup River in Sumner. The river's
several major tributaries include West Fork White River, Huckleberry Creek, Greenwater River, and
Clearwater River. Mud Mountain Dam at RM 28.2 influences the hydrology of the White River
during flood events.
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Releases from Mud Mountain Dam are based on maintaining a maximum flow of 45,000 cfs at the

Puyallup River gauge located near Milroy Bridge in Puyallup. The target flood control parameter
for the Mud Mountain Dam is authorized by Congress. Detention at the dam delays peak flows of
the White River, typically one to two days behind Puyallup River peak flows. In the original USACE
Mud Mountain Dam 1948 Water Control Plan, water stored in Mud Mountain Reservoir was to be
discharged to the White River at up to 17,600 cfs (USACE 2002) because the river channel capacity
downstream was estimated to be at least 20,000 cfs. Field observations in the 1970s noted that
the threshold for flooding on the White River had declined to 12,000 cfs. The reduction of flood
conveyance capacity was attributed to multiple factors, including encroachment into the
floodplain by development, excessive vegetation along the channel, sediment in the channel, and
restrictions on channel dredging (USACE 2002).

Flows on the White River can be better controlled during moderate storms than large ones, when
the reservoir nears capacity and local inflows increase. In recent years, discharge from Mud
Mountain Dam was limited to 12,000 cfs when operations allow. Further reduction in target
discharge for moderate events, between 6,000 - 8,000 cfs, was planned in 2010 and beyond.

Table 6.20 below presents flood frequency flows from the 1987 and 2009 Flood Insurance Studies.
Flows reflect operating policy changes and peak lag time due to detention at Mud Mountain Dam.

The change in conveyance capacity since the 1984 USGS study (Sikonia 1990) has been significant,
particularly in the reach from RM 2.0 to RM 5.5.

The 2010 USGS conveyance capacity study indicates that the lower White River channel can
convey between 10,100 to 19,000 cfs before overtopping either the left or right bank between the
mouth and RM 2.3 (see Figure 6.49). From RM 2.3 to RM 5.5 at the Pierce County/King County line,
conveyance capacity ranges from 5,000 to 9,500 cfs. The change in conveyance capacity since the
1984 USGS study (Sikonia 1990) has been significant, particularly in the reach from RM 2.0 to

RM 5.5.

Table 6.20. Lower White River Flood Frequency Flows at the USGS Auburn Gauge

Discharge (cfs)

10-year 50-year 100-year 500-year

Location Event Event Event Event Method
White River atthe 16,400 18,300 19,100 21,600 1987 FEMA Flood Insurance Study
mouth at Puyallup (Log Pearson Type )

River confluence

White River atthe 14,000 15,300 15,500 19,000 2009 FEMA Flood Insurance Study for
mouth at Puyallup Pierce County (NHC 2006)
River confluence

Source: 1987 and 2009 FEMA Flood Insurance Study based on USGS data.
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Figure 6.49. Channel Conveyance Capacity for the White River
Source: USGS 2010
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6.6.4 Ecological Context and Salmonid Use

The lower White River is the most heavily modified reach in the planning area. The system today is
less than 100 years old. The White River predominantly flowed into the Green River until 1906,
when it was directed into its present-day channel. The reach also has been affected by Lake Tapps
water withdrawals, dredging, levees, revetments, and flushing of sediment from the Mud
Mountain Dam.

All species of salmonids in the Puyallup River basin use the lower White River, which provides
primarily migratory habitat for adult salmon and steelhead, and rearing habitat for juvenile
salmonoids and foraging habitat for bull trout. Particularly important is the stock of White River
spring Chinook, which were on the brink of extinction in the mid-1980s. The stock has rebounded
due to WDFW and tribes’ brood stock program. Recovery of the White River spring Chinook stock
is integral to the recovery of the entire ESA-listed Puget Sound Chinook population.

There is significant incision and floodplain isolation from RM 0.0 to RM 2.6, where the river is
confined in a dredged channel and the bed is composed of sand. The reach is primarily a
transport area for salmonids, and it provides little rearing or spawning opportunity (see

Figure 6.50. Enhancement in this reach is difficult because 15 feet of entrenchment would require
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major excavation to broaden the floodplain and provide salmonid habitat attributes, such as cover

and side channels.

Figure 6.50. Salmonid Habitat in the Lower White River
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From RM 2.6 to RM 8.8, the river channel is incised several feet and steepens to approximately a
two percent gradient. The bed is composed of cobble and gravel, with some gravel bars and tight
braids becoming formed. Due to the constricted channel, scouring of redds can be expected
during high flows. This area lends itself better to restoration activity since the mainstem incision is
not as severe as the downstream areas and the floodplain can be reasonably accessed by salmon
when restored (i.e., levee setback). King County completed a levee setback project near RM 5.5
that enhanced salmon-rearing habitat and reduced flooding. A new 6,000-foot-long setback levee
was built. The new levee is protected by a 5,780-foot-long wood structure called a biorevetment
and several engineered log jams.

Downstream from King County's countyline levee setback, the City of Sumner is currently
spearheading a White River Restoration Project that is hoped to start in 2023. The White River
Restoration is a four-step project that aims to restore wetland habitat while also protecting
Sumner from river flooding. It will include the following:

® Constructing a new, higher bridge over the White River

®* C(Creating a 20-acre setback levee, which would hold floodwaters and function as a salmon
habitat.

® Acquiring 10 properties to restore 25 acres of floodplain.

® Restoring 170 acres of land currently owned by the City, thus making new side channels to
store floodwaters and even more salmon habitat.
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6.6.5 River Management Facilities, Flooding, and Flood Damage

The lower White River revetments and levees form nearly continuous bank protection from RM 0.0
at the Puyallup River to the Pierce County-King County line at RM 5.5. The facilities on each bank
extend upstream into King County and tie into the railroad grade along the A Street SE alignment
near RM 6.2. Flood risk reduction facilities protect property and improvements in the floodplain.

Pierce County currently owns and maintains approximately 11.05 miles of flood risk reduction
facilities along the lower White River in a combination of levees and revetments The facilities are
owned and operated by Pierce County, as summarized in Table 6.21.

Table 6.21. Levees and Revetments in the Lower White River

Name Location Ownership
Right Bank
Sumner Industrial Revetmenta RM 10.27 (PR) - RM 1.25 Pierce County
Sumner Commercial Revetment RM 1.26 - RM 3.30 Pierce County
Sumner Commercial Levee RM 3.30 - RM 3.92 Pierce County
Pacific Point Bar Revetment RM 3.92 - RM 4.87 Pierce County
Butte Pit Revetment RM 4.88 - RM 5.12 Pierce County
Pacific Park Revetment RM 5.15 - RM 6.23 King County
Left Bank
Fleishman Revetment RM 0.04 - RM 2.06 Pierce County
Haywood Revetment RM 2.06 - RM 2.79 Pierce County
24th Street East Revetment RM 2.79 - RM 3.57 Pierce County
Dieringer Revetment RM 3.61 - RM 4.87 Pierce County
Countyline Setback RM 4.88 - RM 6.23 King County

Source: Pierce County SWM records.

a This facility functions as a revetment, but the facility was originally constructed as a levee and has been
subsequently backfilled during development by adjacent industrial and commercial property owners.

RM = river mile.

In 1914, the ICRI constructed a diversion dam to prevent the White River from avulsing (separating
from current channel) back into its pre-1906 channel and partially channelized the White River to
the Puyallup River confluence between 1914 and the1920s (GeoEngineers 2003). Aerial photos in
1931 and 1940 show riprap and concrete levees and revetments protecting the river banks and
three bridges located near Sumner. In the lower 1.5 miles of the lower White River, the river is
entrenched by as much as 15 feet, which is apparent from the 1920s-era concrete slabs placed to
protect the now elevated upper banks (GeoEngineers 2003).
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6.6.6 Lower White River Flow Warning Matrix

The lower White River has four flow categories: Phase |, Action flow; Phase Il, Minor flooding;
Phase Ill, Moderate flooding; and Phase IV, Severe flooding. These categories describe the
observed or expected severity of the flood impacts in that area. However, the severity of flooding
at a given stage is not necessarily the same at all river locations. Most river reaches in Pierce
County have a defined flow warning matrix that is used during flood events. Figure 6.51 shows the
flow warning matrix table for the lower White River.

Figure 6.51. Lower White River Flow Warning Matrix

Lower White River

River Mile Range: 0.0- 6.2
From the confluence with the Puyallup River to "A” Street Bridge

Phase I: Phase II: Phase llI:
Action Flow Minor Flooding Moderate Flooding

7.500 - 12,000 cfs = 12,000 cfs

5,000 - 7,500 cfs

5,000 cfs

Flow / Stage
Range

114.1 ft 114.1-115.2 ft 115.2-116.8ft 1168 ft
USGS Gauge Station #: Gauge Name: Gauge Location: River Mile:
12100450 White River at “R” Street near Auburn, WA “R" Street Bridge 7.50

Historical Flooding

In the last 30 years, major flooding in the lower White River occurred in 1990, 1996, 2006, and
20009 (see Table 6.22). The largest flood on record occurred in December 1933, prior to the
construction of Mud Mountain Dam. Increased flood risk in the lower White River has resulted
from the reduction of channel capacity. Thresholds for flood warnings has decreased from
10,000 cfs to 5,500 cfs. Since 2013, these events have occurred multiple times a year.

Table 6.22. Historical Flooding in Lower White River

Date White River Flows near Auburna (cfs)

December 1933 >28,000
December 1946 >12,300
December 1955 >13,700
November 1959 >13,000
December 1977 >14,800
January 1986 >14,000
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Date White River Flows near Auburna (cfs)

November 1986 >15,200
January 1990 14,500
February 1996 15,000
December 1996 13,600
January 2006 12,400
November 2006 14,700
January 2009 12,000

Source: USGS data
Note: Mud Mountain Dam was constructed on the White River in 1948.

a  Auburn Gauge #12100496 was installed by 1990 event. Prior to 1990, Buckley Gauge #12098500 data is shown,
which reflects a slightly lower value than seen at Auburn.

Flood Damage to Facilities

Flood damages to lower White River flood risk reduction facilities in the past three decades have
not been significant. Damages from major floods and high-water events between 1990 and 2017
have resulted in approximately 17 identified damage locations that comprise 0.7 mile of levees
and revetments. Damages have been estimated at nearly $1.54 million (based on 2017 dollars).

Since 1990, the levees and revetments along the lower White River have been stable and only
requiring minimal repairs. However, in 2009, sediment accumulation became more apparent as
there was a rapid diminishment of channel capacity that resulted in increased flood risk. In 2017,
King County constructed a new setback levee to improve channel capacity and habitat. The new
County Line Setback levee was constructed on the left bank between RM 4.88 and RM 6.23. It was
designed to provide capacity for the one percent chance storm event with sufficient freeboard.
King County is scheduled to monitor and maintain the project into the future. Segments subject to
the most significant and repetitive damages are summarized below in Table 6.23.

Table 6.23. Summary of Damage to Facilities in the Lower White 1990-2021

Storm Season/

Segment Name Bank River Mile Damage Lineal Feet Damage
1990
Sumner Right RM2.0 - 400 Partial washout.
Commercial RM3.8
Revetment
1993
Sumner Right RM 3.4 100 Toe and face scour.
Commercial Levee
2008
Potelco Left RM 5.4 20 Damage face rock.
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Storm Season/
Segment Name

2009
Potelco
2011

Potelco

Potelco

2011 (continued)

Sumner
Commercial Levee

Sumner Industrial
Revetment

2012

Sumner
Commercial Levee

Sumner Industrial
Revetment

2013

Dierenger

2014

Dierenger

Potelco

2015

Potelco

2017
Dierenger

Sumner
Commercial Levee

Bank

Left

Left

Left

Right

Right

Right

Right

Left

Left

Left

Left

Left
Right

Flood Hazards in Pierce County

River Mile

RM 5.25

RM 5.05 -
RM 5.15

RM 5.35 -
RM 5.5

RM 3.85

RM 0.03

RM 3.85

RM 0.03

RM 4.0

RM 4.0

RM 5.35 -
RM 5.5

RM 5.3

RM 4.0
RM 3.8

Damage Lineal Feet

20

650

570

100

30

400

30

135

50

570

50

75
530

DETET-

Damaged face rock.

Levee overtopping from
wetland.

Levee overtopping flowing to
wetland.

Levee core erosion, toe and
face rock failure.

Culvert replacement.

Levee core erosion, toe and
face rock failure.

Culvert replacement.

Erosion and scour protection
installed by the City of Sumner.

Erosion and scour of the City of
Sumner's soft armoring.

Levee overtopping flowing to
wetland.

Repairs spots where trees
overtopped and damaged
levee.

Old Sumner Levee repair site.

Levee damage.

6.6.7 Key Accomplishments since the 2018 Flood Plan Update

Lower White River Restoration/24th Street Setback

As part of a reach-scale project to create sustainable salmon habitat and reduce flood risk within
the Sumner city limits, the White River Dialogue group (consisting of the City of Sumner, Puyallup
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Tribe, Muckleshoot Tribe, Pierce County, BNSF, Cascade Water Alliance, City of Pacific, WDFW,
Ecology, and more) created four separate project components: the 24th Street Setback, Pacific
Point Bar/Left Bank Setback, and the Stewart Road Bridge . The largest component of this overall
project is the 24th Street section, which will reconnect more than 169 acres of currently
disconnected floodplain.

The 24th Street section on its own will significantly improve the available salmon habitat in the
lower White River, leading to more than three additional miles of off-channel habitat through a
newly reconnected forested floodplain. This reconnected floodplain will create almost one million
cubic feet of additional floodwater storage within the lower White River, causing lower flood
depths throughout the Sumner-Pacific Manufacturing and Industrial Center. To learn more about
this project please visit the City of Sumner’s White River Restoration web page. The following key
accomplishments have happened since 2018:

®* Completed 90 percent design and provided review comments on the restoration design.
® Submitted complete USACE 404 Permit application in June 2021.

®* Began ESA consultations.

®* Completed SEPA for restoration project.

® Started utility relocations.

Pacific Point Bar/Left Bank Setback Sumner

The Pacific Point Bar/Left Bank Setback project includes acquiring 10 properties to restore
25 acres of floodplain and add a levee to protect the regional job center. The following key
accomplishments have happened since 2018:

® The City of Sumner acquired four parcels and demolished three at risk properties.

® Designis at 30 percent completion.

Stewart Road Bridge

The Stewart Road Bridge project will replace a two lane bridge with a higher and wider bridge
which will allow the river to migrate. The following key accomplishments have happened since
2018:

® 90 percent design is completed.
®* Environmental permitting has been completed.

® Expected to be constructed in summer of 2023.

Pierce County 2023 Comprehensive Flood Hazard Management Plan

Exhibit A to Ordinance No. 2023-41, Page 296 of 8



Chapter 6: Management Strategies and Recommended Capital Projects for
Flood Hazards in Pierce County

Sumner Commercial Levee, Capital Maintenance
Damage to the Sumner Commercial Levee segment near RM 3.85 was identified in 2011 during an
annual condition assessment. Over the course of the following storm season, the damage rapidly
increased in length and severity. This levee was repaired in 2020 by Pierce County. The repair
entailed the installation of 780 lineal feet of toe and face armoring on the backside of the levee to
eliminate instream impacts. The armoring was placed as an intermediate risk reduction measure
while long-term river reach solutions are being planned for future improvement.

The Pacific Right Bank Flood Protection Project (RM 6.3 — RM 5.5)

The Pacific Right Bank Flood Protection Project is the second of two projects along the county line
reach of the White River. This project will be designed to reduce flood risk to homes and
properties along the river’s right (northwestern) bank in Pacific. It will also provide habitat for
threatened Chinook salmon. Currently, this project is still in the scoping and design phase with an
estimated project completion date of 2024/2025. For more information about this project, please
see the King County Natural Resources and Parks webpage at White River Pacific Right Bank Flood
Protection Project - King County.

6.6.8 Land Acquisitions

About 2.4 acres of property was acquired between 2018 and 2021 in the Lower White River reach.
These property acquisitions support the Butte Pit capital project.

Additionally, the City of Sumner acquired 21 acres of property between 2018 and 2021 from

RM 3.8 to RM 4.9. These properties were acquired for future use as a part of the three Lower
White River restoration projects. Additional information for these projects can be found at the City
of Sumner’s White River Restoration web page.

6.6.9 Flood and Channel Migration Hazard Mapping

Flood Hazard Mapping

Hazard mapping in the lower White River includes detailed flood studies (FEMA 2009, NHC 2006),
which are shown on the DFIRMs, which became effective March 2017. Flood-prone areas along the
lower White River include extensive industrial, commercial, and residential land uses along the
right and left banks in the cities of Sumner and Pacific, and a small area of unincorporated Pierce
County. This new mapping has been shown to be out of date due to increasing sediment load that
has decreased the channel capacity. The DFIRMs for the lower White River show 1,043 acres within
the special flood hazard area, or 100-year floodplain. The mapped DFF area is 312 acres.

Channel Migration Hazard Mapping

Severe, moderate, and low risk CMZs were mapped for the lower White River as part of the upper
Puyallup River study (GeoEngineers 2003), and the severe risk area was adopted in November
2004 for the small area of unincorporated Pierce County. While the CMZ study identified 227 acres
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at a severe risk of channel migration, only 57 acres are in Pierce County and regulated under

Chapter 18E.70 of the PCC.

6.6.10 Problem Identification

Table 6.24 identifies flooding and channel migration problems identified in the lower White

River floodplain.

Table 6.24. Priority Problems Identified in Lower White River

Location Problem Description

Levee and Revetment Overtopping and Breaching

RM 3.3-RM 3.9RB Levee/revetment overtopping caused damage to City of

Sumner trail and flooding of industrial and commercial
parking areas/loading docks.

RM 3.9 -RM 4.5 RB Levee/revetment overtopping causes flooding of residential

and industrial areas and 116th Street E.
RM 3.8-RM 4.0 LB
RM 4.9 - RM 5.5 RB

Revetment overtopping causes flooding.

Levee/revetment overtopping caused flooding of homes in
King and Pierce counties, and business and equipment
flooding along Butte Avenue in 2009.

RM5.1-RM5.3LB Levee overtopping causes flooding of Stewart Road and

downstream areas (up to three feet in 2009).
Tributary Backwater Flooding

RM 4.9 - RM 5.5 RB Backwater from ditches causes backwater flooding at
Countyline ditch (RM 5.5), government ditch (RM 5.35) and

Stewart Road ditch (RM 4.9).
Public Safety/Emergency Rescue

RM 5.4 -RM 5.5 RB Evacuation of children from vicinity of 701 Butte Avenue due

to deep, fast flowing water (2-2.5 feet).
Flooding of Structures and Infrastructure (Roads/Bridges)

RM 0.1 -RM 0.2 LB Flooding of State Street (access to Sumner wastewater

treatment plant).
RM 3.4-RM 3.5LB Flooding of roadways at 24th Street E. and 148th Avenue.

Sediment and Gravel Bar Accumulation

RM 3.5-RM 4.5 Gravel bar accumulation from Dieringer flume to river
meander at RM 4.5.

RM 3.6 - RM 5.5 Concern about debris and log jams at (a) RM 5.0-5.5, (b)
Stewart Road bridge during floods, and (c) log jam at golf
course (RM 3.6-3.9).

RM 4.9 -RM5.5 Gravel bar accumulation from Stewart Rd. crossing to county

line has led to reduced conveyance capacity, as low as
5500 cfs (USACE 2009).
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Problem Description

Facility Maintenance and Repair Needs

RM 4.3 LB

Repetitive plugging of culvert by sediment and debris at
Sumner golf course in 2007 and 2009.

Fish Habitat Problem Areas

RM 1.25 RB

Soaten Creek (aka Jovita Creek) refuge habitat is degraded at
mouth with White River.

Fish Habitat Problem Areas (continued)

RM 3.2-3.6 LB

RM 3.6-4.5 LB/RB

RM 4.2 LB

RM 4.9 - RM 5.35

LB/RB
RM 4.9 -RM 5.5 RB

Public Access
RM0.5-RM5.0LB
RM 4.9 - RM 5.5 RB

Revetment construction cut off floodplain from river channel,
preventing off-channel rearing.

Revetment/levee construction cut off floodplain from river
channel, preventing off-channel rearing.

Fish passage barrier? at 8th Street Creek inflow to White River
cuts off coho spawning habitat.

Revetment/levee construction cut off floodplain from river
channel, preventing off-channel rearing.

Butte Pit wetland and side channel habitat impacted by
sediment deposition (2006, 2008, 2009) impacting function
and value of habitat.

Four gaps in the public trail along the White River.

Improved access to Butte wetland for passive recreation.

Source

Pierce County

Puyallup Tribe

Puyallup Tribe,
Pierce County

Puyallup Tribe,
Pierce County

Puyallup Tribe

Puyallup Tribe,
Pierce County

City of Pacific

City of Sumner
City of Pacific

@ Afish passage barrier is an obstacle that prevents fish from moving either upstream or downstream, such as
certain dams, weirs, floodgates, roads, bridges, causeways and culverts.

LB = left bank; RB = right bank; RM = river mile

6.6.11 River Reach Management Strategies

The recommended river reach management strategies for the lower White River take into account

numerous conditions:

* Development and land use in adjacent floodplain - The lower White River floodplain is the
second-most developed in the planning area, with extensive industrial, commercial, and
residential land uses and an assessed value of $561.5 million in the 100-year floodplain
(EcoNorthwest 2022).

®* River management facilities - Both the left and right banks of the lower White River are
constrained by revetments along the entire reach, with levees in some locations.
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® River channel gradient and width - Channel gradient varies from 0.03 to 0.23 percent. The river
channel width varies from 160 feet to 280 feet.

® Presence of salmon spawning and rearing habitat - All species of salmon are found in the
lower White River, including Chinook (spring and fall stocks), pink, chum, coho, and sockeye as
well as steelhead, bull, and cutthroat trout. Both spawning and rearing habitats are present.

® Sediment transport accumulation and incision - Mostly sand and silt accumulate between
RM 0.0 and RM 3.0. From RM 3.0 to RM 5.5, there is a mix of cobble, gravel, and sand. The
average riverbed between RM 0.0 and RM 4.0 changed in elevation from -0.4 feet to +2.0 feet
between 1984 and 2009. Upstream of RM 4.0 to the county line at RM 5.5, the average bed
elevation changed from +2.0 feet to +4.8 feet during the same period.

* Flow Management strategies for Mud Mountain Dam - The USACE, in cooperation with
downstream stakeholders, is continually assessing the channel conditions and release rates
associated with risk.

In the near term, the primary objective for the lower White River is to maintain the structural
integrity of the revetment and levee system so that the facilities continue to reduce flood and
channel migration risks to public health and safety and reduce damage to property and
infrastructure. Another goal is to make improvements to the facilities over time through
construction of setback levees or revetments so that the level of service is increased to meet a
100-year storm event. The final management strategy objective is to realize capital projects that
enhance and create aquatic habitat through levee or revetment setbacks, riparian revegetation,
and strategic placement of large woody material.

The recommended river reach management strategies for the lower White are listed below:
Structural Management Strategies:

® RM 0.0-RM 5.5 left bank, RM 0.0-RM 3.3, and RM 3.92-RM 4.87 right bank - The goal for
revetments should be channel migration resistance design.

®* RM 3.3-RM 3.92 and RM 4.87 to the county line, right bank - The goal for levees and flow
conveyance should be 100-year design plus three feet of freeboard (King County 2006).

Non-structural Management Strategies:

* Floodplain development regulations should be implemented by the Cities of Sumner and
Pacific consistent with Pierce County critical area regulations for flood hazard areas.

® Acquire repetitive loss properties or purchase development rights to prevent new floodplain
development.
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6.6.11.3 Interim Risk Reduction Measures.

® Install HESCO barriers downstream of Stewart Road bridge.

® Install HESCO barriers downstream of A Street bridge near Pacific City Park and White River
estates.

6.6.12 Recommended Capital Projects

The following capital improvement projects are recommended to address the priority problem
areas identified in Table 6.24.
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Riverine Flood Project Project Score: 59

Project Name: Butte Pit Setback Project

Project location: The project is located on the lower White River just south of the King
County-Pierce County line on the right bank between Stewart Road SE and Countyline
Road SE (RM 4.8 to RM 5.5) (see Figure 6.52).

Estimated project cost over a 10-year period: $26.4 million

Total project cost: $30.6 million

Project webpage location: www.piercecountywa.gov/6217/Butte-Pit-Flooding-Project

What is at risk?

During high flow periods on the White River, Government Ditch backwaters (see Figure 6.53) flood
Butte Avenue (see Figure 6.54), White River Estates, the surrounding industrial area, and several
single-family homes. Low points in the existing berm allow floodwater from the White River to
cross over Butte Avenue and flood properties between the existing road and the Union Pacific
Railway tracks.

What is the recommended solution?

Pierce County is taking a pathways approach to address this flood risk. There are several potential
solutions being evaluated to address the problem, including both structural and non-structural
options). This project connects to the Pacific Right Bank Flood Protection Project being developed
by King County to the north, which proposes the installation of a pump station on Government
Ditch which will address some of the backwater issues in the project area. At the downstream end,
the project will connect to the improved Stewart Road SE completed by the City of Pacific and the
proposed City of Sumner Stewart Road Bridge project, which is expected to be constructed in
2025.

Coordination

The Butte Pit Setback project is located near the Pierce County/King County line. Coordination with
City of Sumner and King County on the setback levee on the right bank will be necessary during
final design. Coordination for this project includes the Muckleshoot Tribe, Puyallup Tribe, Pierce
County, King County, WDFW, and USACE.

Environmental Considerations

Salmonids found within the lower White River include the spring and fall Chinook, pink, chum, and
coho salmon. Other species include the bull, steelhead, and cutthroat trout. The native White River
spring Chinook salmon, steelhead, and bull trout are listed as threatened under the ESA. The river
at this location is a transportation corridor with main and side channel rearing and high-flow
refuge for adult and juvenile salmon.
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Figure 6.52. Location of the Butte Pit Setback Project
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Figure 6.53. Butte Avenue during a High Water Event, Figure 6.54. Temporary Flood Control Measure,
December 2015 (Looking North) Government Ditch, and the White River, 2016

What is the current status of the project?

This project is currently in the property acquisition phase, with two remaining properties in
unincorporated Pierce County left to purchase. Following the project pathway, the properties will
be purchased when there are interested sellers.

Studies are being completed to help assess what pathway will be selected as the projects
upstream and downstream of the project site are designed and constructed.

What will take place with this project from 2023-2033?

In the short term, property acquisition will continue, temporary flood control measures will be
maintained, and studies will be completed to assess the current site conditions, including the
stability of the existing dredge pile berm located within the project site.

If the structural pathway is selected, the first phase of the setback levee will be designed,
permitted, and constructed on the north side of the project site connecting to the proposed Pacific
Right Bank project and down to the existing berm. This will allow the temporary flood control
measures will be removed.

The second phase of the project will either set back the levee or improve the existing berm as
needed to meet project goals and to follow the developed project pathway.

What are the Project Benefits/Drivers?

m Habitat
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6.7 Upper White River

6.7.1 Overview

The upper White River reach in the study area extends from approximately RM 43.2 to RM 50.5,
from downstream of the community of Greenwater to upstream of Crystal Village and Crystal
River Ranch, as seen in Figure 6.55. State Route 410 parallels the river throughout this reach. Large
tributaries include the Greenwater River, which enters the White River at RM 44.7 and the West
Fork White River, which enters the White River at RM 48.2. Land uses in the reach include two
residential communities, Greenwater Village and Crystal Village, which are supported by several
commercial businesses located in Greenwater. Privately owned revetments have been
constructed on the right bank of the river at RM 46.2 and in Crystal Village near RM 50.0. One
Pierce county-owned levee segment was constructed in Greenwater Village along 583rd Avenue
East near RM 45.1. The upper White River has a large sediment discharge and high turbidity levels
due to the proximity to its glacial headwaters. Salmon and trout, including spring Chinook, coho,
and pink salmon and steelhead, bull trout, and cutthroat use this reach of the White River.
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Figure 6.55. Planning Area for the Upper White River
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6.7.2 Geology and Geomorphology

The White River is unconfined within this reach; however, the valley bottom expands in the
downstream direction to the community of Greenwater (WRIA 10, WDFW 1977). Generally, the
terrain slopes moderately upward away from the river and in some areas meeting sharply rising
mountainside slopes of nearly 5,000 feet. The glacier-fed White River has a braided bed-form, with
channel slopes ranging from 0.8 percent to 1.0 percent. The channel is generally straight, which is
characteristic of rivers with high sediment loads. Bank erosion occurs throughout the reach;
however, the extent is generally localized. River banks are mostly natural earth or rock cuts.
Constructed bank protection along this reach is limited to three known locations. The protection
was installed to resist channel migration threatening developed communities along the river.

6.7.3 Hydrology and Hydraulics

The upper White River above the confluence with the Greenwater River at RM 44.7 consists of
flows primarily from the West Fork White River, White River (mainstem), and Huckleberry Creek. A
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USGS river gauge originally existed on the upper White River, but it often experienced problems.
There are 35 water years of data, when gauge #12098500 functioned from 1929 to 1968. The best
available estimates of flood frequency flows are from the 1987 Flood Insurance Study (see

Table 6.25). The table does not reflect more recent peak flows from 1990, 1996, 2006, and 2009.

Table 6.25. Upper White River Flood Frequency Flows upstream and
Downstream of the Confluence with the Greenwater River

Discharge (cfs)

50-year 100-year 500-year

Location Event Event Event Method
White River at Greenwater River 18,600 25,800 28900 36,700 Log Pearson Il Fit of gauge data
per 1987 Flood Insurance Study with adjustment for
(drainage area = 294 sqg. mi.). precipitation and drainage area.
White River, upstream of 13,500 18,700 20,900 26,400 Log Pearson lll Fit of gauge data
confluence with Greenwater with adjustment for
River per 1987 Flood Insurance precipitation & drainage area.
Study (drainage area = 217 sq.
mi.).

Source: 1987 FEMA Flood Insurance Study based on USGS flow records.

6.7.4 Ecological Context and Salmonid Use

The upper White River reach is particularly important ecologically because it provides spawning
habitat for all three ESA-listed species in the Puyallup River watershed (bull trout, steelhead, and
Chinook salmon). The stock of spring Chinook that spawn in this reach and its tributaries have
been identified by NMFS as a priority for the Puget Sound and bear regional significance. The
upper White River is relatively undeveloped when compared to most watersheds and for this
reason is earmarked for preservation by salmonid recovery groups.

This reach of the White River is steep—about a 0.90 percent gradient (Williams 1975)—and the
bed is composed primarily of medium to large gravel, cobble, and boulders. Large amounts of
glacier-derived sediment are deposited in this reach, and the channel forms into a meandering
series of primarily fast-flowing riffles and pools. Patches of suitably sized spawning gravel
occasionally appear near the confluence with other streams and at the tail out of pools that
provide substrate for the construction of redds.

Spring Chinook and steelhead are the species most likely to use the main channel for spawning,
but they primarily spawn in the tributaries of the upper White River (see Figure 6.56). Coho and
bull trout could use the main channel for spawning, but like the spring Chinook and steelhead, are
found in the tributaries. Pink salmon are using the reach in increasing numbers and use the low-
velocity main channel areas or the tributary streams for spawning. Due to the normally turbid
conditions of the main channel, spawning ground counts are often imprecise and likely
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underestimated for this reach. Juvenile steelhead, spring Chinook, bull trout, and cutthroat use
this reach for rearing year-round.

Figure 6.56. Spring Chinook Spawning on the White River, RM 43.0 to RM 44.6

Spring Chinook
Dense Spawning 0.0 - 0.7

6.7.5 River Management Facilities, Flooding, and Flood Damage

The upper White River has a single levee in the vicinity of 583rd Avenue East, just upstream of
RM 45.0 on the right bank (Figure 6.57). The levee is owned and operated by Pierce County, as
summarized in Table 6.26.
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Figure 6.57. RM 46.2 Right Bank Levee at 583rd Avenue East along the White River

i A
r ]

Table 6.26. Levees in the Upper White River

Greenwater Village Levee RM 45.02 - RM 45.17 RB, PL 84-99 Pierce County

Source: Pierce County Surface Water Management records.
aRM = river mile; RB = right bank.

6.7.6 Upper White River Flow Warning Matrix

The upper White River has four flow categories: Phase |, Action Flow Phase Il, Minor flooding;
Phase Ill, Moderate flooding; and Phase IV, Severe flooding. These categories describe the
observed or expected severity of the flood impacts in that area. However, the severity of flooding
at a given stage is not necessarily the same at all river locations. Most river reaches in Pierce
County have a defined flow warning matrix that is used during flood events. Figure 6.58 shows the
flow warning matrix table for the upper White River.
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Figure 6.58. Upper White River Flow Warning Matrix

Upper White River

River Mile Range: 44.4 - 50.5
Greenwater to Crystal Village

Phase I: Phase II: Phase Il
Action Flow Minor Flooding Moderate Flooding

= 20,000 cfs

15,000 - 20,000 cfs

10,000 - 15,000 cfs

< 10,000 cfs

Flow / Stage
Range

52.9 ft 52.9-54.2ft 54.2 -55.3 ft 553 ft
USGS Gauge Station #: Gauge Name: Gauge Location: River Mile:
12097850 White River below Clearwater River* at Buckley, WA South of SR 410, approx. Mile Post 32 32.77

* USG5 Map shows gauge near confiuence with Canyon Creek

Historical Flooding

The White River gauge downstream of the Clearwater River confluence has operated
intermittently from 1975 to the present, with several data gaps resulting from damage during
large floods. In the last 50 years, major flooding in the upper White River occurred in 1977, 1995,
1996, 2006, and 2008 (see Table 6.27). Flow values in the table are shown as “less than” due to the
larger drainage area for the Clearwater River gauge.

Table 6.27. Historical Flooding in Upper White River

White River Flows Downstream of Clearwater River

Date Gauge (#12097850) (cfs)

December 1975 22,800
January 1990 17,200
November 1990 18,400
November 1995 20,500
February 1996 <30,000=
November 2008 18,100
November 2006 Not Available
January 2009 <18,100
January 2011 28,600
February 2012 19,400
January 2015 22,000
December 2015 31,900
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February 2020 25,200

Source: Pierce County SWM and USGS
a Estimated value at Mud Mountain Dam inflow by USACE.

Flood Damage to Facilities .
Rock Groins

The Greenwater Village Levee continues to experience partial
toe rock displacement. Since the last update, the residents of . .

_ _ ) ] are perpendicular to the river and
Crystal Village Ranch funded, permitted, and installed a buried are designed to reduce the
rock groin along the left bank of the White River. The groinwas  potential of erosion along the
installed to address the residents concern about the possibility  shoreline.
of channel migration continuing to impact their development.

Rock groins are structures that

Table 6.28 shows the most significant and repetitive damages along the upper White River from
1996 to 2015.

Table 6.28. Damage to Facilities along the Upper White River 1996-2015

Storm Season/ Damage

Segment Lineal

Name Bank River Mile Feet
1996
Greenwater Right 46.2 150 Toe/slope failure.
Greenwater Right 46.2 100 Toe failure.
2006
Greenwater Right 46.2 300 Face erosion.
2007
Greenwater Right 45.0- 750 Face erosion.
45.2

2015
Greenwater Right 45.2 30 Partial toe rock displacement and missing face rock.
Greenwater Right 45.2 20 Missing toe rock.

6.7.7 Key Accomplishments since the 2018 Flood Plan Update

Major Projects

Pierce County is committed to practices such as CMZ studies that reduce risks to residents,
businesses, and infrastructure, while protecting and improving fish and wildlife habitat that rely
on our river systems. The Upper White Channel Migration Zone Study (between RM 44.5 and RM
51.5) was completed in 2020. This was the last CMZ study needed to enable Pierce County to
develop zoning maps based on science within the study to guide development away from high-
risk areas. This study conducted extensive stakeholder outreach prior to and during the study to
gather information and feedback from those residents most affected. Outreach included meeting
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with the homeowner associations of the Crystal River Ranch and Crystal Village communities,
Tribal fisheries staff, regulatory staff, and other partners. Pierce County Council formally adopted
the study in 2022. A copy of the CMZ study can be found online at Channel Migration Zone (CMZ) |
Pierce County, WA - Official Website (piercecountywa.gov).

6.7.8 Land Acquisitions

Pierce County acquired a small 0.21-acre parcel in 2019 in the community of Greenwater. This
property acquisition supports future capital project development.

6.7.9 Flood and Channel Migration Hazard Mapping

Flood Hazard Mapping

The 2017 FEMA DFIRM did not update the flood risk mapping in the upper White River, so the
most recent risk assessment continues to be the one completed in the late 1970s. Flood-prone
areas along the upper White River include SR 410, Pierce County roads and bridges, and
moderate-density residential recreation areas. The DFIRMs for the upper White show 443 acres
within the SFHA, or 100-year floodplain.

Channel Migration Hazard Mapping.

A CMZ study was completed in 2019 for the upper White River. The study identified areas at
severe, moderate, and low risk for migration. The study found a valley dominated by Osceola
deposits that are more resistive to erosion than typical river bank alluvium. As a result, there was
a smaller area identified at severe risk of migration than anticipated at the outset of the project.
The CMZ study was adopted into the Pierce County Code, Title 18E.10.140 Mapping Source, by the
County Council in November 2021. Areas identified at severe risk are now regulated as floodway.

6.7.10 Problem Identification

Table 6.29 identifies the flooding and channel migration problems identified in the upper White
River floodplain.

Table 6.29. Priority Problems Identified in Upper White River

Location Problem Description Source

Channel Migration Problem Areas

RM 45.0- Channel migration threatens 583rd Avenue East, where there is an Pierce

RM 45.2 RB existing levee and revetment. County

RM 49.0- Channel migration at Crystal River Ranch and Crystal Village on both Pierce

RM 50.5 LB/RB  sides of the White River threatens property and homes near Crystal County
Lane and Crystal Drive, and riverward of Alpine Drive East.

RM 49.4- Channel migration and toe scour of riverbank during November 2006 Pierce

RM 49.8 LB flood threatened homes and public drinking water facilities. County
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Location Problem Description Source

Flooding of Structures and Infrastructure (Roads/Bridges)

RM 43.5- Flooding and channel migration along this segment of White River WSDOT

RM 43.8 RB threatens SR 410, resulting in heavy damage on several occasions.

RM 48.9 Crystal River Ranch Road bridge (there are two bridges) - old bridge Pierce
accumulates large woody material on bridge piers; new bridge has County
abutments vulnerable to washout. Roads

Fish Habitat Problem Areas

RM 49.1- Crystal River Ranch and Crystal Village - Armoring and groin Puyallup

RM 50.5LB/RB  construction reduces channel migration that limits habitat formation. Tribe

Source: Pierce County SWM records.
LB = Left Bank; RB = Right Bank; RM= River Mile.

6.7.11 River Reach Management Strategies

In conjunction with updated flood hazard mapping, the recommended river reach management
strategies for the upper White River take into account numerous conditions described below:

Development and land use in adjacent floodplain - The upper White River floodplain has light
residential development and a major highway (SR 410) along the entire reach. The assessed
value within the upper White and Greenwater 100-year floodplain is $36 million.

River management facilities - There is a single levee and revetment along the right bank at
RM 45.02 to RM 45.17 owned by Pierce County. Bank armoring protects portions of SR 410
maintained by WSDOT. Limited armoring at the Crystal River Ranch Road Bridge is maintained
by Pierce County Transportation Services.

River channel gradient and width - Channel gradient varies from 0.8 to 1.03 percent. River
channel width varies from approximately 100 feet to 660 feet.

Presence of salmon spawning and rearing habitat - Species of salmon found in the upper
White River include Chinook, pink, and coho as well as steelhead, bull, and cutthroat trout.
Both spawning and rearing habitats are present.

Sediment transport accumulation and incision - Riverbed sediment is dominated by gravel and
cobble, with some sand and boulders. Portions of this reach are aggrading and others
degrading, but there is no clear trend toward long-term aggradation.

The primary objective for the upper White River reach management strategy is to maintain the
structural integrity of the levee to minimize risks to public health and safety and reduce public
infrastructure and private property damage.
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6.7.11.2 Upper White River Reach Management Strategies

Recommended river reach management strategies for the upper White River are listed below.

Structural Management Strategies:

®* RM45.02 to RM 45.17, right bank - The goal for the existing levees should be to maintain the
existing levee prism.

®* RM44.4to RM 50.5, right bank - The goal for the non-county-maintained system should be to
communicate risk to property owners.

Non-structural Management Strategies:

®* Floodplain development will continue to be implemented by Pierce County.

® For additional information regarding non-structural management strategies for the upper

White River, please refer to the 2006 King County Flood Hazard Management Plan and the
2013 King County Flood Hazard Management Plan Update and Progress Report.

6.7.11.3 Interim Risk Reduction Measures

®* There are no IRRMs on the upper White River reach.

6.7.12 Recommended Capital Projects

There are no capital projects proposed for the upper White River.
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6.8 Greenwater River

6.8.1 Overview

The Greenwater River lies in northeastern Pierce County and enters the White River at RM 44.7, as
shown in Figure 6.59. The headwaters of the Greenwater River are in the Norse Peak Wilderness
area on Castle Mountain (elevation 6,700 feet), and the river flows northwest for 21 miles to the
community of Greenwater. The drainage basin is approximately 76 square miles. Primary
tributaries include Maggie, Lost, Pyramid, and Twenty-Eight Mile creeks. Salmon and trout,
including spring Chinook, coho, pink, and steelhead are present in the Greenwater River. The river
forms part of the northeasterly boundary between King County and Pierce County. The planning
area is from the mouth of the Greenwater River upstream to approximately RM 4.0. Land use
consists of forested terrain, recreational and rural residential uses, and the community of
Greenwater.

Figure 6.59. Greenwater River Planning Area
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6.8.2 Geology and Geomorphology

The lower portion of the Greenwater River travels over a relatively broad, flat valley with steep
slopes along the north bank. The Greenwater valley includes a Osceola mudflow (lahar) deposit
that flowed from Mount Rainier down the White River over 5,000 years ago.
Average channel gradient in .
Osceola Mudflow the project reach is 1.0 to Anabranching
1.5 percent. Bed materials

consist primarily of small

refers to rivers that have
distributary channels that depart
from, run parallel or nearly so to,
and then reenter the main
channel downstream.

was a lahar (mudflow or debris
flow that flows down from a
volcano) that descended from the
summit and northeast slope of gravel.s to large cobbles
Mount Rainer during the period (see Figure 6.60). Past

of eruptions about 5,600 years logging activities in the

ago. watershed destabilized soils

both on the hillsides and along the river banks. The resulting
instabilities caused landslides, rapid channel migration, natural log jam destabilization (see
Figure 6.61), and coarse sediment loading. These changes altered the river from its natural
anabranching form to a more single thread channel. The effects of these changes were
pronounced during the 1977 flood and led to an increase in sediment supply downstream, rapid
channel widening, and severe flooding. A 2017 study of channel migration for the lower
Greenwater River (GeoEngineers 2017) was adopted in 2021, with the areas identified at severe
risk of erosion now regulated as floodway. The geomorphic study also concluded that the high left
bank at Lumpy Lane is a remanent of the Osceola mudflow that is not very susceptible to erosion.
The USGS has not completed a sediment transport study of the lower Greenwater River.
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Figure 6.60. Greenwater River looking Figure 6.61. Log Jam at RM 3.8, Greenwater River
upstream at about RM 4

6.8.3 Hydrology and Hydraulics

The Greenwater River watershed covers about 76 square miles, 60 percent of which is in Pierce
County. There is a USGS stream gauge (#12097500) at RM 1.1 on the Greenwater River on the left
bank about 0.7 miles east of the community of Greenwater.

The Greenwater sub-basin is approximately 18 percent of the upper White River watershed. The
Greenwater River had a disproportionately high peak flow of 10,500 cfs, recorded on December 2,
1977. Subsequent annual peak flows are typically much smaller, including several in the range of
4,500 cfs to 6,000 cfs. Table 6.30 displays estimates of flood frequency flow from the 1987 FEMA
Flood Insurance Study. Using data from more recent peak flow events over the past 20 years,
Pierce County used regression analysis to estimate revised flood frequency flows (see Table 6.30
and Figure 6.62).

Table 6.30. Greenwater River Flood Frequency Flows at the USGS Greenwater Gauge®

Discharge (cfs)
10-year 50-year 100-year 500-year
Version Event Event Event Event Method
FEMA Flood 5,620 8,080 9,180 11,900 Log Pearson lll fit of gauge data with
Insurance Study adjustment for precipitation and
(1987/2017) drainage area based on 1970s data.
Updated Curve Fit 13,500 18,700 20,900 26,400 Log Pearson Il Fit of gauge data with
with data through adjustment for precipitation and
20090 drainage area.
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a The Greenwater River gauge was not operational from 1978 to 1992.

b Pierce County SWM estimated flow and recurrence values are not official nor formally published data and are

intended for comparative analysis and reference purposes only.

Figure 6.62. 1987 and 2009 Peak Flow Data at Greenwater Gauge
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Incorporating data from the past 20 years results in a curve with a steeper slope than the existing
FEMA curve (see Figure 6.62), and a forecast for higher peak flows. This is due to the December
1977 flow peak that far exceeded other recorded flow peaks. The floods of November 2006 and

January 2009, significant in many other rivers of the study area, were only 10-year and 5-year

events, respectively, in the Greenwater River (see Table 6.31).

Table 6.31. Historical Flooding in Greenwater River

Greenwater River Flows
(#12097500) (cfs)

December 1946 5,000
November 1959 5,360
January 1965 5,090
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Greenwater River Flows
(#12097500) (cfs)

December 1977 10,500
February 1996 5,900
January 2009 4,530
January 2011 5,590
December 2015 4,620
February 2020 6,790

Source: USGS data records

6.8.4 Ecological Context and Salmonid Use

The Greenwater River is the principal tributary stream for spawning spring Chinook in the
Puyallup River watershed. The Greenwater River flows through a steep channel with a narrow
floodplain until it enters the study area reach. At about RM 4.0, the river enters a relatively broad
floodplain, and the stream gradient diminishes to about one percent. The channel then takes a
mild meander in primarily a single thread channel to the White River. This area is the prime
spawning and rearing reach of the river, as it contains abundant high-quality spawning gravel and
a pool-riffle configuration (Marks et al. 2009). Figures 6.63 and 6.64 shows spawning and redd
locations in the Greenwater river. In addition to the existing habitat, a spring Chinook acclimation
pond near RM 11 was constructed in 2007 that can hold over 500,000 juveniles as part of a brood
stock program organized by the Puyallup Tribe.

Past logging practices and the removal of trees from the channel to protect the community of
Greenwater and the SR 410 bridge from flooding has created a deficit in large woody material to
supply rearing and adult holding habitat. Replacing large wood has become a recent focus of local
watershed recovery groups.
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Figure 6.63. White River Spring Chinook Spawning Areas in the Lower Four miles of the Greenwater River
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6.8.5 River Management Facilities, Flooding, and Flood Damage

Pierce County has no flood risk reduction facilities along the Greenwater River. King County
maintains a series of intermittent revetments along the right bank of the river along the study
reach. There is a private revetment on the left bank between RM 0.6 to RM 0.7. Bank armoring has
been identified at the SR 410 bridge crossing of the Greenwater River near RM 0.1. The bridge
crossing is maintained by WSDOT.
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Currently, there is no flood warning system used by the National Weather Service for this river
reach. Throughout the life of this plan, Pierce County would like to work with King County to
develop a flood warning system for this area.

Historical Flooding

In December 1977, the Greenwater River experienced its most severe flooding, with a peak flow of
10,500 cfs. Other large floods occurred in 1946, 1959, 1965, 1996, and 2009 (see Table 6.31). The
1977 event caused the most extensive damage. A large log jam at the SR 410 river crossing
contributed to extensive flooding and damage in the community of Greenwater.

Flood Damage to Facilities

As noted above, there are currently no actively maintained Pierce County flood risk reduction
facilities on the Greenwater River. The most significant damage occurred during the 1977 peak
flood event that affected the SR 410 Bridge and approaches. Some toe and facing rock protecting
the bridge banks and approaches probably have been damaged by the peak flows since 1977. The
condition and status of the private revetment is not known. There has been loss of private
property. In 1990, Pierce County purchased a home on Lumpy Lane that was falling in the river
due to channel migration. The county is currently working with an adjacent property owner whose
home is being threatened by channel migration, which poses a greater risk than flooding along
the study reach.
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6.8.6 Key Accomplishments since the 2018 Flood Plan Update

Pierce County is committed to practices (such as CMZ studies) that reduce risks to residents,
businesses, and infrastructure, while protecting and improving fish and wildlife habitat that rely
on our river systems. The Greenwater River Channel Migration Zone Study (between river

miles 0.1 and 1.2) was completed in 2017. This is another important CMZ study needed to enable
Pierce County to develop zoning maps based on science within the study to guide development
away from high-risk areas. Pierce County Council formally adopted the study in 2022. The CMZ
study can be found online at the Channel Migration Zone (CMZ) web page of the Pierce County
website.

Recently, a project started (preliminary design) in the fall of 2021 will implement reach-scale
restoration actions in the Greenwater River between RM 3.8 and RM 4.0 to restore instream
complexity and floodplain connectivity. The overall goal of the project is to rehabilitate lost
processes provided by large in-stream wood accumulations of benefit to adult spawning and
juvenile rearing salmon populations on the Greenwater River. The objective of this project phase
is to remove fill and armor associated with former roads and bridge crossings, which is restricting
floodplain processes, and install six mid-channel wood structures. This work would implement
restoration treatments developed through reach-scale assessment efforts to inventory existing
wood loading rates, assess habitat quantity and quality, map existing geomorphic features, and
assess existing hydraulic conditions. This proposed project builds upon work completed in 2010,
2011, and 2014 on upper sections of the Greenwater River between RM 7 and RM 8.

6.8.7 Land Acquisitions

There have been no property acquisitions along the Greenwater River from 2018 to 2021.

6.8.8 Flood and Channel Migration Hazard Mapping

Flood hazard mapping in the Greenwater River has not been updated since the original flood
study of the 1970s. The new countywide DFIRM continues to show the old, detailed study on the
lower Greenwater River. The entire floodplain is mapped as a FEMA-defined floodway because a
floodway encroachment model was not run back in the 1970s. Flood-prone areas along the
Greenwater River include the SR 410 crossing and Pierce County residential areas on the left bank,
mostly between RM 0 and RM 1.0. King County also has a low residential area on the right bank
that is at risk of flooding and channel migration. The DFIRMs for the Greenwater River show

129 acres within the special flood hazard area or 100-year floodplain. A new detailed flood study
of this lower reach is needed and would include a DFF floodway analysis.

6.8.9 Problem Identification

Table 6.32 identifies the flooding and channel migration problems in the Greenwater River
floodplain.
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Table 6.32. Priority Problems Identified in Greenwater River

Channel Migration Problem Areas

RM 0.4-RM 0.7 LB Channel migration north of Lumpy Lane East threatens Pierce County
three to five homes along this reach.

Source: Pierce County SWM records

6.8.10 River Reach Management Strategies

6.8.10.1 Conditions and Constraints of the Greenwater River

The recommended river reach management strategies take into account numerous conditions
summarized as follows:

®* Development and land use in adjacent floodplain - The Greenwater River floodplain has light
residential development along the left bank of the river between RM 0.1 and RM 1.3, and a
bridge crossing of SR 410 at RM 0.1.

® River management facilities - There are several private revetments along the left bank
between RM 0.1 to RM 1.3. Bank armoring also exists at the SR 410 bridge crossing.

® River channel gradient and width - Channel gradient ranges from 1 and 1.5 percent. The river
channel varies in width from approximately 50 feet to 200 feet.

® Presence of salmon spawning and rearing habitat - Species of salmon found in the
Greenwater River include Chinook, pink, and coho salmon and steelhead trout. Extensive
spawning of spring Chinook occurs in the lower four miles.

® Sediment transport accumulation and incision - The riverbed sediment is a mix of sand, gravel,
cobble, and boulders. Sediments have become coarser over time due to the extensive removal
of large wood following the 1977 flood. The extent of sediment accumulation or decrease has
not been determined.

6.8.10.2 Greenwater River Reach Management Strategies

Recommended river reach management strategies for the Greenwater River are listed below:

Structural Management Strategies:

There are no Pierce County flood risk reduction facilities along the Greenwater River study reach.

Non-structural Management Strategies:

® Floodplain development regulations should be implemented by Pierce County in
unincorporated areas of the county.
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® Property acquisition or purchase of development rights should be considered on a
case-by-case basis.

® Relocation of homes to outside of known channel migration hazards should be considered
where appropriate.

®* Beresponsive to flood and channel migration risk-related calls from property owners and the
public along the Greenwater River.

6.8.10.3 Interim Risk Reduction Measures

® HESCO barriers have been installed by King County and the USACE at RM 5.7 to 6.0 in the city
of Pacific.

6.8.11 Recommended Capital Projects

There are no capital projects proposed for the Greenwater River.
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6.9 Carbon River

6.9.1 Overview

The Carbon River drains an area of 142 square miles that originates on the north face of Mount
Rainier at the Carbon Glacier (see Figure 6.65). The river flows 33 miles downstream and then joins
the Puyallup River downstream of Orting at RM 17.4. This 2023 Flood Plan concentrates on the
lower 8.4 miles, from the eastern end of Alward Road (177th Street East) to the confluence with
the Puyallup River, and a short segment in the upper Carbon River between RM 20.9 and RM 22.9.

The need for flood protection along the Carbon River along the lower 8.4 miles was first identified
in the 1939 Flood Control Plan (Pierce County 1939). Construction of the levees and revetment
were completed in the 1960s. Most of the lower 8.4 miles lies within unincorporated Pierce
County, but the left bank between RM 0.75 and RM 3.40 lies along the easterly border of Orting.
Above RM 11.0, the river is contained within steep canyon walls up to the community of Fairfax at
RM 17.5 (WRIA 10 Stream Catalogue 1977). From RM 8.5 to RM 11.0, the river is confined within a
deep and narrow ravine, below which it broadens into a wider valley with channel splitting and
formation of large gravel bars. Between RM 0.0 and RM 8.3, the channel corridor lies in a relatively
narrow trough-like valley.

The right bank is largely forested from RM 0.8 to RM 8.4. Below RM 0.8, the right bank is largely
agricultural land. The left bank of the river from RM 0.75 to RM 3.4 is within the Orting city limits
and contains the Orting Wastewater Treatment Plant and single-family residential development.
Between RM 3.4 and RM 8.3, the left bank land use consists mostly of agricultural and rural
residential land. The left bank has levees from RM 0.0 to RM 3.69 and RM 4.19 to RM 8.26, with a
short segment of revetment between RM 3.69 and RM 4.01. The right bank has a levee from

RM 0.0 to RM 1.2 and RM 5.95 to RM 7.0.

Two major tributaries enter the Carbon River in this reach—Voight Creek near RM 4.0 and South
Prairie Creek near RM 5.8. South Prairie Creek is described in Chapter 6.10. Voight Creek, a smaller
tributary, collects runoff from the foothills to the south and west and flows across the valley floor
before entering the Carbon River (GeoEngineers 2003). The Carbon River contains the most
productive mainstem spawning habitat remaining in the Puyallup River watershed for all species
of salmon. Chinook, steelhead, chum, and pink salmon are found in relative abundance. Bull trout
are also found in the Carbon River as well.
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Figure 6.65. Planning Area for Carbon River
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6.9.2 Geology and Geomorphology

From the confluence with the Puyallup River to just upstream of Orting at RM 4.0, the Carbon
River flows next to the Cascadia plateau. In the 1500s, the Electron mudflow deposited more than
15 feet of dense clay-rich mud across the Orting Valley. Prior to land development in the valley,
the entire length of the Carbon River reach was a continuous complex of braided and
multi-threaded meandering channels. As the river reach developed, growing gravel bars within the
braided river system forced the river to the sides of the valley walls, leading to erosion of large,
scalloped cut banks in the mudflow deposits and steep side walls. Early flood control policies
focused on the construction of levee and revetments along the Carbon River to straighten the
river, increase sediment transport downstream, and prevent valley wall sediment from eroding
into the river (GeoEngineers 2003). Since the levees were constructed, residential homes and the
Orting Wastewater Treatment Plant have been built near the river in areas historically occupied by
the river. The levees changed the river from a complex braided and multi-threaded meandering
channel to an essentially straight, single-thread stream from RM 0.0 to RM 3.0.
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From RM 0.0 to RM 8.3, the gravel and cobble bedload is currently depositing as side bars that

build out from channel edges. These lateral bars aggrade into terraces alongside the levees and
revetments, thereby reducing channel conveyance (GeoEngineers 2003). The channel gradient
from RM 0.0 to RM 4.2 is 0.46 to 0.60 percent, and from RM 4.2 to RM 8.3 the channel gradient
varies from 0.72 to 1.15 percent. Typical bed conditions in the upper portion of this reach are
shown in Figure 6.66.

Figure 6.66. Carbon River, Looking Upstream near RM 7.0
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Analysis by the USGS (2010) as part of the Sediment Transport Study indicates an average river
bed elevation change between RM 0.0 and RM 3.2 of -2.9 feet to +0.3 feet between 1984 and 2009
(see Figure 6.67). From RM 5.6 to RM 6.0, the average