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Plan Summary

Clackamas County updated this Multi-Jurisdictional Natural Hazards Mitigation Plan (NHMP) to prepare
for the long-term effects resulting from hazards. It is impossible to predict exactly when these hazards
will occur, or the extent to which they will affect the community. However, with careful planning and
collaboration among public agencies, private sector organizations and citizens within the community, it
is possible to create a resilient community that will benefit from long-term recovery planning efforts.

FEMA defines mitigation as “. . . the effort to reduce loss
of life and property by lessening the impact of disasters . .

. . . o . 44 CFR 201.6 — The local mitigation plan is
. through risk analysis, which results in information that

the representation of the

provides a foundation for mitigation activities that reduce jurisdiction’s commitment to reduce
risk.” Put another way, hazard mitigation is a method of risks from natural hazards, serving as
permanently reducing or alleviating the losses of life, a guidedr decisionggakers as they

commit resources to reducing the

property, and injuries resulting from hazards through long effects of natural hazards

and short-term strategies. Example strategies include
policy changes (e.g., updated ordinacnes), captial projects
(e.g., seismic retrofits to critical facilities), and education and outreach to targeted audiences (e.g., non-
English speaking residents or the elderly). In this way, hazard mitigation impacts and influences the
“Whole Community”, which FEMA defines as, “private and nonprofit sectors, including businesses, faith-
based and disability organizations and the public, in conjunction with the participation of local, tribal,
state, territorial and Federal governmental partners."

Why Develop this Mitigation

Plan?
. o 44 CFR 201.6(a)(1) — A local
The Disaster Mitigation Act of 2000 (DMA2K) and the government must have a
regulations contained in 44 CFR 201 require that mitigation plan approved pursuant
jurisdictions maintain an approved NHMP in order to to this section in order to receive
receive FEMA Hazard Mitigation Assistance (HMA) funds HMGP project grants . ...
for mitigation projects. To that end, Clackamas County is

involved in a broad range of hazard and emergency

management planning activities. Local and federal approval of this NHMP ensures that the County and
listed jurisdictions will (1) remain eligible for pre- and post-disaster mitigation project grants and (2)
promote local mechanisms to accomplish risk reduction strategies.

What is Mitigation?

“Any sustained action taken to reduce or eliminate long-term risk to life and property from a

hazard event.”

-U.S. Federal Emergency Management Agency
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Who Participated in Developing the Plan?

The Clackamas County NHMP is the result of a collaborative effort between the County, cities, special
districts, community members, public agencies, non-profit organizations, the private sector and regional
organizations. County and City Hazard Mitigation Advisory Committees (HMACs) guided the NHMP
development process.

For a list of specific County HMAC participants, refer to the acknowledgements section above. The
update process included representatives from the following jurisdictions and agencies:

Table 1 HMAC Participants

County Participating Participating Special Other Partner
Representatives Cities Districts Organizations

Clackamas Soil and Water

Disaster Management City of Canby Clackamas Co. Fire District #1 . v
Conservation District
Planning Commission City of Estacada Clackamas River Water Clackamas River Water Providers
. . D, . Greater Oregon City Watershed
Public Health City of Gladstone Colton Water District i
Council
Public Works City of Happy Valley Oak Lodge Water Services Metro
Transportation and . North Clackamas Watersheds
City of Lake Oswego )
Development Council
Oregon Department of Geolo
Water Environment Services City of Milwaukie < ) L ) <y
and Mineral Industries
Oregon Department of Land
City of Molalla e P

Conservation and Development

Oregon Office of Emergency

City of Oregon City
Management
City of Sandy Pacific Gas and Electric Company

United States Army Corps of

City of West Linn )
Engineers

City of Wilsonville United States Forest Service

The Clackamas County Resilience Coordinator convened the
44 CFR 201.6(c)(1) — Documentation of planning process and will take the lead in implementing,

the planning process usedto maintaining and updating the County NHMP. Each of the

develop the plan, including how it L. . . .

was prepared, who was involved in participating cities have also named a local convener who is

the process and how the public responsible for implementing, maintaining and updating the

was involved. Jurisdictional Addenda (see addenda for specific names and
positions). Clackamas County is dedicated to directly involving
the public in the continual review and update of the NHMP. The
County achieves this through systematic engagement of a wide variety of active groups, organizations
or committees, public and private infrastructure partners, watershed and neighborhood groups and
numerous others. Although members of the HMAC represent the public to some extent, the public will
continue to provide feedback about the NHMP throughout the implementation and maintenance
period.
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How Does this NHMP Reduce Risk?

The NHMP is intended to assist Clackamas County reduce the risk from hazards by identifying resources,
information and strategies for risk reduction. It is also intended to guide and coordinate mitigation
activities throughout the County that contribute toward building community resilience. Through the
NHMP, Clackamas County also conducts a risk assessment, which seeks to identify and understand the
relationship between hazards, vulnerable systems, and exisiting capacity. The risk assessment is
conducted by assessing three elements: the natural hazards that pose as a threat to a community, the
vulnerable systems within the community, and identifying in which ways do those natural hazards pose
as a risk to these vulnerable systems, as illustrated in Figure 1. Through understanding these
relationships between natural hazards, vulnerable systems and exisiting capcity, and the risk that exist
in Clackamas County, we are better equiped to develop and implement actions and strategies aimed at
reducing community risk to natural hazards and enhancing community resiliency.

Figure 1 Understanding Risk

% USGS Understanding Risk : BISASHE

science for a changing world

Natural Hazard
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and Chronic Physical Events RlSk y and Resilience of:
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» Magnitude D|sa Ster.' = Academic and Research Functiong
« Duration \ ' = Cultural Assets

» Spatial Extent 3 / = Infrastructure
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¥ and Willingness to:
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Source: USGS- Oregon Partnership for Disaster Resilience Research Collaboration, 2006
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What is Clackamas County’s Overall Risk to
Hazards?

Clackamas County reviewed and updated the risk
assessment to evaluate the probability of each hazard 44 CFR 201.6(c)(2) — A Risk Assessment

- . that provides the factual basis for
as well as the vulnerability of the community to that o f. J
h q activities proposed in the strategy . . .
azara.

Table 2 presents the updated hazard analysis matrix for

Clackamas County. The hazards are listed in rank order from high to low based on the overal risk they
pose on the county. The updated 2024 Hazard Analysis Matrix determines that the top hazards threats
that pose the greatest risk to the County (top tier) include Wildfire, Earthquake (Cascadia Subduction
Zone and Crustal), Winter Storm, and Extreme Heat Event. Hazards that fall within the middle of the
Matrix and pose moderate risk to the county (middle tier) include Drought, Flood, and Windstorm. And
the hazards that fall in lowest in the matrix and thus post the least risk to the County (bottom tier)
include Landslide and Volcanic Event.

Table 2 Hazard Analysis Matrix

H d Hist Vulnerabilit Maximum Probabilit Total Threat Hazard Hazard
azar Istory utherablfity Threat robabliity Score Rank Tiers
18 35 80 56 189 1

Wildfire

Earthquake - Cascadia 2 45 100 35 182 2

Earthquake - Crustal 6 50 100 21 177 3 77-_?5

Winter Storm 12 30 70 49 161 4

Extreme Heat Event 10 35 70 35 150 5

Drought 10 15 50 56 131 6

Flood 16 20 30 56 122 7 Middle
Tier

Windstorm 14 15 50 42 121 8

Landslide 14 15 20 63 112 9 Bottom

Volcanic Event 2 25 50 7 84 10 Tier

Source: Clackamas County Hazard Mitigation Advisory Committee 2023

What is the NHMP’s Mission

The mission of the Clackamas County NHMP is to:

Enhance county resiliency and capacity to address natural hazards by promoting sound public policy and
effective mitigation strategies designed to equitably reduce risk and impacts on community members,
community lifelines, historic and cultural resources property, and ecological systems.

This can be achieved by increasing public awareness, documenting the resources for risk reduction and
loss-prevention, and identifying activities to guide the county towards building a safer, more sustainable
community.
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What are the NHMP Goals?

The plan goals describe the overall direction that the participating
jurisdiction’s agencies, organizations and community members can 44 CFR 201.6(c)(3)(i) — A description of
take toward mitigating risk from all-hazards. The goals of the mitigation goals to reduce or
Clackamas County NHMP are organized under several broad avoid long-term iggnRl"es

) to the identified
categories. The goals are: hazards.strategy . . .

Goal 1: Protect Life and Property

e Develop and implement mitigation and climate adaptation projects and policies that aid in
protecting lives by making homes, businesses, community lifelines, and other property more
resilient to natural hazards and impacts from climate change.

e  Establish mitigation projects and policies that minimize losses and repetitive damages from
recurring disasters while promoting insurance coverage for severe hazards

e Improve hazard identification and risk assessment information to inform and provide
recommendations for enhanced resilience in new development decisions, and promote
preventative measures for existing development in areas vulnerable to natural hazards.

Goal 2: Enhance Natural Systems

e |ncorporate natural hazard mitigation planning and activities into watershed planning, natural
resource management, natural systems enhancement, and land use planning to protect life,
property, and ecological system.

Goal 3: Augment Emergency Services

e Strengthen emergency operations by enhancing communication, collaboration, and
coordination of natural hazard mitigation activities and policies across agencies at all levels and
regions of government, sovereign tribal nations, and the private sector.

Goal 4: Encourage Partnerships for Implementation

e Improve communication, coordination, and participation among and with public agencies,
community members, community lifelines, and private sector organizations to prioritize and
implement hazard mitigation activities and policies.

e Enhance efforts toward identifying and optimizing opportunities across state agencies,
surrounding communities, and private entities for resource sharing, mutual aid, and funding
sources/support.

Goal 5: Promote Public Awareness

e Build community resilience and awareness, and reduce the effects of natural hazards and
climate change through community-wide engagement, collaboration, resource-sharing,
learning, leadership-building, and identifying mitigation project-related funding opportunities.

Goal 6: Advance Equity and Inclusion

e Mitigate the inequitable impacts of natural hazards by prioritizing the directing of resources and
efforts to build resilience and engagement in the most vulnerable communities least able to
prepare, respond, and recover.
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e Strengthen efforts aimed at increasing engagement, outreach, and collaboration with
community and cultural organizations and agencies that are dedicated to providing services and
support to vulnerable and underserved communities.

How are the Action Items Organized

The action items are organized within an action matrix

included within Section 3, Mitigation Strategy. 44 CFR 201.6(¢)(3)(ii) — A section that identifies

and analyzes a comprehensive range of

Data collection, research and the public participation L .
specific mitigation actions . . .

process resulted in the development of the action items.

The Action Item Matrix portrays the plan framework and

identifies linkages between the plan goals and actions. The

matrix documents the title of each action along with, the coordinating organization, timeline and the
NHMP goals addressed. City specific action items are included in Volume I, Jurisdictional Addenda.

Comprehensive Action Plan

Action items are detailed recommendations for activities that local departments, community members,
and others could engage in to reduce risk. The HMAC will prioritize the following actions to focus their
attention, and resource availability, upon an achievable set of high leverage activities over the next five-
years.

Education and Outreach

e Flood (FL) #1: Identify opportunities to raise public awareness and implement education
campaigns for community members within Clackamas County's public and private flood-prone
properties.

o Severe Weather (SW) #1: Maintain a public awareness campaign regarding severe weather
mitigation measures and the importance of personal safety.

o Wildfire (WF) #2: Encourage private landowners to create and maintain defensible space
around homes and other buildings and make home hardening improvements..

GIS/Mapping

e Multi-Hazard (MH) #4: Utilize knowledge of natural ecosystems and hazards to link natural
resource management and land use organizations with potential mitigation activities and
provide technical assistance in high-risk locations.

o Flood (FL) #6: Identify and respond to problematic surface water drainage sites in all parts of
unincorporated Clackamas County.

Maintenance/Planning

e  Multi-Hazard (MH) #1: Integrate the goals and action items from the Clackamas County Natural
Hazard Mitigation Plan into existing regulatory documents and programs.

e Severe Weather (SW) #2: Monitor and implement programs to mitigate potentially hazardous
trees from endangering lives, property, and public infrastructure.

o Wildfire (WF) #1: Promote and support wildfire mitigation action items through the Clackamas
County Community Wildfire Protection Plan.
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o Wildfire (WF) #3: Update county and jurisdiction wildfire codes and ordinances in accordance
with guidelines provided by OSFM/DLCD/ODF/BCD as part of SB 762 (2021) and SB 80 (2023).

Critical Infrastructure/Essential Facilities

e Multi-Hazard (MH) #6: Support/encourage electrical utilities to use underground construction
methods where possible.

e  Multi-Hazard (MH) #8: Develop and maintain risk assessment and Emergency Operation Plans
for state-regulated dams identified as high hazard potential dams (private, public, and non-
profit).

o Flood (FL) #3: Improve and refine existing flood warning systems by integrating flood
monitoring, detection, and alert/notification systems.

Land Use/Development

o Flood (FL) #2: Recommend revisions to the requirements, limitations, and exclusions for new
development within the floodplains that have designated channel migration zones (CMZ).

e Flood (FL) #5: Encourage and facilitate the use of mitigation strategies in the management of
existing flood-prone properties, either through home elevation or property acquisition.

How Will the NHMP be
?
I m p I emented ‘ 44 CFR 201.6(c)(3)(iii) — An action plan

The implementation and maintenance section (Section 4) describing how the actions . ... will

. . be prioritized, implemented and
details the formal process that will ensure that the Clackamas administered . . .
County NHMP remains an active and relevant document. The
Clackamas County Resilience Coordinator is the designated 44 CFR 201.6(c)(4) — A plan maintenance
convener (NHMP Convener) and is responsible for overseeing process . . .
the review and implementation processes (see jurisdictional
addenda for city and special district conveners). The NHMP
maintenance process includes a schedule for monitoring and
evaluating the NHMP semi-annually and revising the NHMP every five years. This section also describes
how the communities will integrate public participation throughout the implementation and
maintenance process

The accomplishment of the NHMP goals and actions depends upon regular HMAC participation and
adequate support from County, city, and special district leadership. Comprehensive familiarity with this
NHMP will result in the efficient and effective implementation of appropriate mitigation activities and a
reduction in the risk and the potential for loss from future natural hazard events.
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Mitigation Successes

Clackamas County has several examples of hazard mitigation including the following projects funded
through FEMA Hazard Mitigation Assistance and the Oregon Infrastructure Finance Authority’s Seismic
Rehabilitation Grant Program*.

FEMA Funded Mitigation Successes

e 2023:BRIC, Mount Hood Resiliency Project, PGE ($80,000,000) — Pending Selection

e 2020: HMGP-FM5327-13, Upper Sandy River Flood Warning System Improvements ($94,408)
e 2020: HMGP-5195-01, Flood Acquisition (no cost provided)

2017: HMGP-1956-05, Upper Sandy River Basin Flood Warning System (545,046)

2016: FMA-PJ-10-OR-2016-003, Flood Mitigation Elevation (no cost provided)

2015: HMGP-1956-03, Sandy River Erosion (Channel Migration) Study ($125,000)

2014: HMGP-1956-02 Phase 2, Flood Acquisition ($315,609)

2013: HMGP-1824-08, Landslide Hazard Mapping/Risk Assessment (5121,876)

2013: HMGP-1956-02 Phase 1, Flood Acquisition ($101,925)

2013: HMGP-1956-02 Phase 1, Flood Acquisition ($266,614
2012: HMGP-1824-03 Phase 3, Flood Acquisition (5353,606
(
(

e 2012: HMGP-1824-03 Phase 4, Flood Acquisition ($243,868

e 2010: HMGP-1824-03 Phase 1, Flood Acquisition (5140,763

e 2010: HMGP-1824-03 Phase 2, Flood Acquisition (5281,445)

e 2003: PDMC-PJ-10-OR-2003-001, CCOM/EOC Seismic Upgrade ($272,000)

e 2003: PDMC-PJ-10-0OR-2003-004, WES Tri-City Wastewater Seismic Upgrade ($333,290)

e 2007: FMA-PJ-10-OR-2007-001, Flood Mitigation Elevation ($128,672)

e 2005: PDMC-PJ-10-OR-2005-002, Clackamas WES Pipe-Bridge Erosion/Scour Relocation Project
(no cost provided)

e 2005: EMS-2005-FM-EQ02, Flood Mitigation Elevation ($194,000)

e 2005: HMGP-1510-03, Partners For Loss Prevention Pre-School Seismic Safety (51,527)

e 2005: HMGP-1510-09, Hazard Tree Mitigation Assistance — Oregon Department of Forestry
(510,000)

e 2005: PDMC-PJ-10-OR-2005-002, WES Pipe bridge Erosion/Scour Relocation ($2,057,133)

)
)
)
)

Seismic Rehabilitation Grant Program Mitigation Successes

e 2019: North Campus Sabin-Schellenberg, North Clackamas School District ($2,500,000)

e 2017: Molalla Fire District Station 82, (51,189,967)

e 2017: Sunnyside Elementary (Community of Clackamas), North Clackamas School District,
($1,500,000)

e 2017: Whitcomb Elementary, North Clackamas School District ($1,500,000).

e 2014: Clackamas Fire District Fire Station #12 (Logan) (594,552)

e 2014: Clackamas Fire District Fire Station #13 (Clarkes), (571,582)

Other mitigation success regardless of funding

e South End Road, installed slope inclinometers and vibrating wire piezometers

See city addenda for mitigation successes within each city and special district.

! The Seismic Rehabilitation Grant Program (SRGP) is a state of Oregon competitive grant program that provides funding for the seismic
rehabilitation of critical public buildings, particularly public schools, and emergency services facilities.
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NHMP Adoption

Once the NHMP is locally reviewed and deemed complete, the NHMP Convener (or their designee)
submits it to the State Hazard Mitigation Officer at the Oregon Department of Emergency Management
(OEM). OEM reviews the NHMP and submits it to FEMA Region X for pre-approval. This review will
address the federal criteria outlined in 44 CFR Part 201.6. Once pre-approved by FEMA, the County,
cities, and special districts may formally adopt it via resolution.

The Clackamas County NHMP Convener will be responsible for
ensuring local adoption of the NHMP and providing the
support necessary to ensure NHMP implementation. Once the
resolution is executed at the local level and documentation is
provided to FEMA, the NHMP will be formally approved by

44 CFR 201.6(c)(5) — Documentation that
the plan has been formally adopted
by the governing body of the

FEMA and the County, participating cities, and special districts jurisdiction . . .
will regain eligibility for Hazard Mitigation Assistance (HMA)
grant programs 44 CFR 201.6(d) — Plan review [process] . ..

The HMACs for Clackamas County and participating cities and
special districts each met to review the NHMP update process
and their governing bodies adopted the NHMP as shown below:

County Date of Adoption and Approval

Clackamas County adopted the NHMP on [date, 2024]

FEMA Region X approved the Clackamas County NHMP on [date, 2024]. With approval of this NHMP,
the entities listed above are now eligible to apply for the Robert T. Stafford Disaster Relief and
Emergency Assistance Act’s hazard mitigation project grants through [date-1, 2024].

For the date of adoption for each participating City of special district see Volume .
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Section I:
Introduction

This section provides a general introduction to natural hazard mitigation planning in Clackamas County.
In addition, it addresses the planning process requirements contained in 44 CFR 201.6(b) thereby
meeting the planning process documentation requirement contained in 44 CFR 201.6(c)(1). The section
concludes with a general description of how the NHMP is organized.

What is Natural Hazard Mitigation?

The Federal Emergency Management Agency (FEMA) defines mitigation as “. . . the effort to reduce loss
of life and property by lessening the impact of disasters . . . through risk analysis, which results in
information that provides a foundation for mitigation activities that reduce risk.”? Said another way,
natural hazard mitigation is a method of permanently reducing or alleviating the losses of life, property
and injuries resulting from natural hazards through long and short-term strategies. Example strategies
include policy changes, such as updated ordinances, projects, seismic retrofits to critical facilities and
education and outreach to targeted audiences, such as Spanish speaking residents or the elderly.
Natural hazard mitigation is the responsibility of the “Whole Community”; individuals, private
businesses and industries, state and local governments and the federal government.

Engaging in mitigation activities provides jurisdictions (counties, cities, special districts, etc.) with many
benefits, including reduced loss of life, property, essential services, critical facilities and economic
hardship; reduced short-term and long-term recovery and reconstruction costs; increased cooperation
and communication within the community through the planning process; and increased potential for
state and federal funding for recovery and reconstruction projects.

Why Develop a Mitigation Plan?

Clackamas County updated this Multi-Jurisdictional Natural Hazard Mitigation Plan (NHMP) to reduce
future loss of life and damage to property resulting from natural hazards. It is impossible to predict
exactly when natural hazard events will occur, or the extent to which they will affect community assets.
However, with careful planning and collaboration among public agencies, private sector organizations
and citizens within the community, it is possible to minimize the losses that can result from natural
hazards.

In addition to establishing a comprehensive community-level mitigation strategy, the Disaster Mitigation
Act of 2000 (DMA2K) and the regulations contained in 44 CFR 201, require that jurisdictions maintain an
approved NHMP to receive federal funds for mitigation projects. Local adoption and federal approval of
this NHMP ensures that the County and listed cities will remain eligible for pre- and post-disaster
mitigation project grants.

2 FEMA, What is Mitigation? http://www.fema.gov/what-mitigation
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What Federal Requirements Does This NHMP
Address?

DMAZ2K reinforces the importance of mitigation planning and emphasizes planning for natural hazards
before they occur. As such, this Act established the Pre-Disaster Mitigation (PDM) grant program (often
referred to as the non-disaster grant program) and new requirements for the national post-disaster
Hazard Mitigation Grant Program (HMGP). Section 322 of the Act specifically addresses mitigation
planning at the state and local levels. State and local jurisdictions must have approved mitigation plans
in place to qualify to receive post-disaster HMGP funds. Mitigation plans must demonstrate that State
and local jurisdictions’ proposed mitigation measures are based on a sound planning process that
accounts for the risk to the individual and State and local jurisdictions’ capabilities.

Title 44 Code of Federal Regulations (CFR), section 201.6, also requires a local government to have an
approved NHMP in order to receive HMGP project grants.3 Pursuant of Title 44 CFR, the NHMP
planning processes shall include opportunity for the public to comment on the NHMP during review and
the updated NHMP shall include documentation of the public planning process used to develop the
NHMP.4 The NHMP update must also contain a risk assessment, mitigation strategy and a NHMP
maintenance process that has been formally adopted by the governing body of the jurisdiction.5 Lastly,
the NHMP must be submitted to the Oregon Office of Emergency Management (OEM) for initial review
and then sent to FEMA for federal approval.6 Additionally, the way OEM administers the Emergency
Management Performance Grant (EMPG), which helps fund local emergency management programs,
also requires a FEMA-approved NHMP.

What is the Policy Framework for Natural Hazard
Planning in Oregon?

Planning for natural hazards is an integral element of Oregon’s statewide land use planning program,
which began in 1973. All Oregon cities and counties have comprehensive plans and implementing
ordinances that are required to comply with the statewide planning goals. The challenge faced by state
and local governments is to keep this network of local plans coordinated in response to the changing
conditions and needs of Oregon communities.

Statewide land use planning Goal 7: Areas Subject to Natural Hazards calls for local plans to include
inventories, policies and ordinances to guide development in or away from hazard areas. Goal 7, along
with other land use planning goals, has helped to reduce losses from natural hazards. Through risk
identification and the recommendation of risk-reduction actions, this NHMP aligns with the goals of the
jurisdiction’s Comprehensive Plan and helps each jurisdiction meet the requirements of statewide land
use planning Goal 7.

The primary responsibility for the development and implementation of risk reduction strategies and
policies lies with local jurisdictions. However, additional resources exist at the state and federal levels.
Some of the key agencies in this area include OEM, Oregon Building Codes Division (BCD), Oregon

3 Code of Federal Regulations, Title 44, Part 201, Section 201.6, subsection (a).
4 ibid, subsection (b).
5 ibid, subsection (c).
% ibid, subsection (d).
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Department of Forestry (ODF), Oregon Department of Geology and Mineral Industries (DOGAMI) and
the Department of Land Conservation and Development (DLCD).

How was the NHMP Developed?

The NHMP was developed by the Clackamas County NHMP Hazard Mitigation Advisory Committee
(HMAC) and the HMACs for the participating jurisdictions (cities and special districts). The Clackamas
County HMAC formally convened on four occasions to discuss and revise the NHMP. Each of the
participating city and special district HMACs met at least once formally. HMAC members contributed by
reviewing and updating the community profile, risk assessment, action items, and implementation and
maintenance plan.

An open public involvement process is essential to the development of an effective NHMP. To develop a
comprehensive approach to reducing the effects of natural disasters, the planning process shall include
opportunity for the public, neighboring communities, local and regional agencies, as well as, private and
non-profit entities to comment on the NHMP during review.” Clackamas County provided an accessible
project website for the public to provide feedback on the draft NHMP:
https://www.clackamas.us/dm/naturalhazard.html. In addition, Clackamas County provided a press
release on their website to encourage the public to offer feedback on the NHMP update. The County
and city websites continue to be a focal point for distribution natural hazard information using hazard
viewers, emergency alerts, hazard preparation, and annual natural hazard progress reports. In addition,
the County administered a survey (see Appendix H) that was used to inform the prioritization of action
items, as well as identification of potential future project sites.

A variety of community organizations and commmunity members were involved and included the
following:

e Local and regional agencies involved in hazard mitigation activities, such as public works,
emergency management, local floodplain administration and Geographic Information Systems
(GIS) departments.

e Agencies that have the authority to regulate development, such as zoning, planning, community
and economic development departments; building officials; planning commissions; or other
elected officials.

e Neighboring communities, such as adjacent local governments, including special districts that
are affected by similar hazard events or may share a mitigation action or project that crosses
boundaries. Also, neighboring communities may be partners in hazard mitigation and response
activities, or may be where critical assets, such as dams, are located.

e Representatives of businesses, academia, and other private organizations, such as private
utilities or major employers that sustain community lifelines.

e Representatives of nonprofit organizations, community-based organizations, and agencies
focused on housing, healthcare, and social services and that work directly with and/or provide
support to underserved communities and socially vulnerable populations.

Making and providing opportunities to be involved in the planning process means that these groups and
commmunity members are invited to be engaged in this process, such as asking them to provide input
and information that will be used inform the plan’s content and priorities. Different communities types

7 Code of Federal Regulations, Title 44. Section 201.6 (b)
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may necessitate more targeted and intentional outreach and engagement, especially underserved and
historically-marginalized communities.

How is the NHMP Organized?

Each volume of the NHMP provides specific information and resources to assist readers in
understanding the hazard-specific issues facing county and city residents, businesses and the
environment. Combined, the sections work in synergy to create a mitigation plan that furthers the
community’s mission to reduce or eliminate long-term risk to people and their property from hazards
and their effects. This NHMP structure enables commmunity members to use the section(s) of interest
to them.

Volume I: Basic Plan

Plan Summary

The NHMP summary provides an overview of the FEMA requirements, planning process and highlights
the key elements of the risk assessment, mitigation strategy and implementation and maintenance
strategy.

Section 1: Introduction

The Introduction briefly describes the countywide mitigation planning efforts and the methodology
used to develop the NHMP.

Section 2: Hazard Identification and Risk Assessment

The Hazard Identification and Risk Assessment provide the factual basis for the mitigation strategies
contained in Volume |, Section 3. (Additional information is included within Volume IlI, Appendix C,
which contains an overall description of Clackamas County and participating jurisdictions), and includes
a brief description of community sensitivities and vulnerabilities. The Risk Assessment also allows
readers to gain a deeper understanding of each jurisdiction’s vulnerability and overal risk and resilience
to each of the identified natural hazards.

Furthermore, a hazard summary is provided for each of the hazards addressed in the NHMP, and
includes information on hazard history, location, extent, vulnerability, impacts and probability, and
future climate projects (for climate-related hazards). This NHMP assesses the same nine hazards
identified and assessed in the 2020 State of Oregons Natural Hazard Mitigation Plan — Region 2: North
Willamette Valley/Portland Metro?, and they are as follows:

e Drought e Severe Weather
e Farthquake o Extreme Heat
e Flood o Windstorm
e landslide o Winter Storm
e Volcanic Event
o Wildfire

8 DLCD, Oregon Natural Hazards Mitigation Plan — Region 2: Willamette Valley/Portland Metro (2020)
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Section 3: Mitigation Strategy

This section documents the NHMP vision, mission, goals and actions (mitigation strategy) and describes
the components that guide implementation of the identified actions. Actions are based on community
sensitivity and resilience factors and the risk assessments in Volume |, Section 2 and Volume II.

Section 4: Plan Implementation and Maintenance

This section provides information on the implementation and maintenance of the NHMP. It describes
the process for prioritizing projects and includes a suggested list of tasks for updating the NHMP, to be
completed at the semi-annual and five-year review meetings

Volume ll: Jurisdictional Addenda

Volume Il of the NHMP is reserved for any city or special district addenda developed through this multi-
jurisdictional planning process. Each of the cities with a FEMA approved addendum went through an
update to coincide with the county’s update. As such, the five- year update cycle will be the same for all
the cities and the county.

The NHMP includes addenda for the following cities and special districts:

Cities Special Districts

Canby Molalla Clackamas Fire District #1
Estacada Oregon City Clackamas River Water
Gladstone Sandy Colton Water District
Happey Valley West Linn Oak Lodge Water Services
Lake Oswego Wilsonville

Milwaukie

Note 1: Johnson City elected not to particpate and update their NHMP. Applicable content has been incorporated into the County portion of the NHMP.
Note 2: Addenda were developed for Colton Water District and Oak Lodge Waters Services in this version of the NHMP.
Note 3: Johnson City and additional special districts may elect to participate in future versions of the NHMP.

Volume lll: Appendices

The appendices are designed to provide the users of the Clackamas County NHMP with additional
information to assist them in understanding the contents of the NHMP and provide them with potential
resources to assist with NHMP implementation.

Appendix A: Action Item Forms

This appendix contains the detailed action item forms for each of the mitigation strategies identified in
this NHMP.

Appendix B: Planning and Public Process

This appendix includes documentation of all the countywide public processes utilized to develop the
NHMP. It includes agendas and attendees of HMAC meetings as well as any other public involvement
and outreach methods.
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Appendix C: Community Profile

The community profile describes the County from several perspectives to help define and understand
the region’s sensitivity, vulnerability, and overall resiliency to natural hazards. The information in this
section represents a snapshot in time of the current sensitivity and resilience factors in the region when
the NHMP was updated.

Appendix D: Community Risk Profiles

Appendix D provides a list of Community Lifelines and their vulnerability status to the identified natural
hazards per the DOGAMI Multi-Hazard Risk Report (O-XX-24).

Appendix E: Natural Hazard and Base Maps

This appendix includes base and natural hazard maps that are cited throughout the NHMP, particularly
within Volume |, Section 2 and Volume Ill, Appendix C. Additional maps for participating cities and
special districts are provided in Volume II.

Appendix F: Economic Analysis of Natural Hazard Mitigation Projects

This appendix describes the FEMA requirements for benefit cost analysis in natural hazards mitigation,
as well as various approaches for conducting economic analysis of proposed mitigation activities.

Appendix G: Grant Programs and Resources

This appendix lists state and federal fuding sources, resources and programs by the hazard-type it
addresses.

Appendix H: Community Survey

This appendix includes the survey instrument and results from the community survey administered by
Clackamas County.
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Section 2:
Hazard Identification and
Risk Assessment

This section of the NHMP addresses 44 CFR 201.6(c)(2) - Risk Assessment. The Risk Assessment applies
to Clackamas County and the city addenda included in the NHMP. We address city specific information
where relevant. In addition, this section can assist with addressing Oregon Statewide Planning Goal 7 —
Areas Subject to Natural Hazards.

We use the information presented in this section, along with community characteristics presented in
Volume lll, Appendix C to inform the risk reduction actions identified Volume I, Section 3. shows how we
conceptualize risk in this NHMP. Ultimately, the goal of hazard mitigation is to reduce the area where
hazards and vulnerable systems overlap.

What is a Risk Assessment

A risk assessment consists of three phases: hazard identification, vulnerability assessment and risk
analysis (Figure 2).

e Phase 1: Identify hazards that can affect the jurisdiction. This includes an evaluation of potential
hazard impacts — type, location, extent, etc.

e Phase 2: Identify important community assets and system vulnerabilities. Example vulnerabilities
include people, businesses, homes, roads, historic places and drinking water sources.

e Phase 3: Evaluate the extent to which the identified hazards overlap with, or have an impact on,
the important assets identified by the community.

Figure 2 Three Phases of a Risk Assessment

The Three Levels of Hazard Assessment )
Community-Wide Community- Wide
Hazard Identification > Vulnerability Assessment } Risk Analysis

Source: Planning for Natural Hazards: Oregon Technical Resource Guide, 1998

This three-phase approach to developing a risk assessment should be conducted sequentially because
each phase builds upon data from prior phases. However, gathering data for a risk assessment need not
occur sequentially.

Hazard Identification

Clackamas County identifies nine natural hazards that could have an impact on the County and
participating jurisdictions. Table 3 lists the hazards identified in the County in comparison to the hazards
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identified in the Oregon NHMP for the Northern Willamette Valley/Portland Metro (Region 2), which
includes Clackamas County.

Table 3 Clackamas County Hazard Identification

State of Oregon

NHMP Region 2: Northern

Clackamas County Willamette Valley/Portland Metro
Drought Drought

Earthquake Earthquake

Extreme Heat Extreme Heat

Flood Flood

Landslide Landslide

Volcanic Event Volcano

Wildfire Wildfire

Windstorm Windstorm

Winter Storm Winter Storm

Source: Clackamas County NHMP Hazard Mitigation Advisory Committee (2023) and
State of Oregon NHMP Region 2: Northern Willamette Valley/Portland Metro (2020)

Risk Analysis

Multi-jurisdictional Risk Assessment - §201.6(c) (2) (iii): For multi-jurisdictional plans, the risk assessment
must assess each jurisdiction’s risks where they vary from the risks facing the entire planning area.

Hazard Analysis Matrix and Methodology

For local governments, conducting the hazard analysis is a useful step in planning for hazard mitigation,
response and recovery. The method provides the jurisdiction with a sense of hazard priorities but does
not predict the occurrence of a hazard.

For the purposes of this NHMP, the County and cities utilized the Oregon Department of Emergency
Management (OEM) Hazard Analysis methodology. The hazard analysis methodology in Oregon was first
developed by FEMA circa 1983 and gradually refined by OEM over the years.

The methodology produces scores that range from 24 (lowest possible) to 240 (highest possible).
Vulnerability and probability are the two key components of the methodology. Vulnerability examines
both typical and maximum credible events and probability endeavors to reflect how physical changes in
the jurisdiction and scientific research modify the historical record for each hazard. Vulnerability
accounts for approximately 60% of the total score and probability approximately 40%. We include the
hazard analysis summary here to ensure consistency between the EOP and NHMP.

The Oregon hazard analysis method provides the jurisdiction with a sense of hazard priorities and/or
relative risk. It doesn't predict the occurrence of a hazard, but it does "quantify" the risk of one hazard
compared with another, and involves estimating the damage, injuries, and costs likely to be incurred in
a geographic area over time due to a natural hazard occuring. By doing this analysis, planning can first
be focused which hazard poses the greatest overall risk to the community and where that risk is
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greatest. When measuring risk, there are two measurable components to consider: (1) the magnitude
of the harm that may result, defined through the vulnerability assessment (assessed in the previous
sections) and (2) the likelihood or probability of the harm occurring.

In Oregon’s hazard analysis method, these components of overall risk can be measured through an
approach that apply severity ratings and weight factors to four pre-determined categories: History (past
historical events), Vulnerability, Maximum Threat (worst-case scenario) and Probability (the likelihood
of a hazard event occuring).

Table 4 presents the updated hazard analysis matrix for Clackamas County. The hazards are listed in
rank order from high to low based on the overal risk they pose on the county. The updated 2024 Hazard
Analysis Matrix determines that the top hazards threats that pose the greatest risk to the County (top
tier) include Wildfire, Earthquake (Cascadia Subduction Zone and Crustal), Winter Storm, and Extreme
Heat Event. Hazards that fall within the middle of the Matrix and pose moderate risk to the county
(middle tier) include Drought, Flood, and Windstorm. And the hazards that fall in lowest in the matrix
and thus post the least risk to the County (bottom tier) include Landslide/Debris Flow and Volcanic
Event.

Table 4 Hazard Analysis Matrix

H d Hist vul bilit Maximum Probabilit Total Threat Hazard Hazard
azar Istory uinerabiliity Threat robabiiity Score Rank Tiers
18 35 80 56 189 1

Wildfire

Earthquake - Cascadia 2 45 100 35 182 2

Earthquake - Crustal 6 50 100 21 177 3 77-_(’,)5_

Winter Storm 12 30 70 49 161 4

Extreme Heat Event 10 35 70 35 150 5

Drought 10 15 50 56 131 6

Flood 16 20 30 56 122 7 Mi(,jdle
Tier

Windstorm 14 15 50 42 121 8

Landslide 14 15 20 63 112 9 Bottom

Volcanic Event 2 25 50 7 84 10 Tier

Source: Clackamas County Hazard Mitigation Advisory Committee 2023

Jurisdiction Specific Risk Assessment

Each participating jurisdiction (cities and special districts) in Clackamas County completed a jurisdiction
specific hazard analysis that assessed each jurisdiction’s risks, specifically focusing on where they vary
from the risks facing the entire planning area, i.e., the county. The multi-jurisdictional risk assessment
information is located within the addenda of Volume II.

Probability and Vulnerability

The Hazard Profiles in this Section present the probability scores for each of the natural hazards present
in Clackamas County. Probability assesses the likelihood that a hazard event will take place in the future.
Vulnerability assesses the extent to which people are susceptible to injury or other impacts resulting
from a hazard as well as the exposure of the built environment or other community assets (social,
environmental, economic, etc.) to hazards. The exposure of community assets to hazards is critical in
the assessment of the degree of risk a community has to each hazard. Identifying the populations,
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facilities and infrastructure at risk from various hazards can assist the County in prioritizing resources for
mitigation and can assist in directing damage assessment efforts after a hazard event has occurred. The
exposure of County assets to each hazard and potential implications are explained in each hazard
section.

Vulnerability includes the percentage of population and property likely to be affected under an
“average” occurrence of the hazard. Clackamas County evaluated the best available vulnerability data to
develop the vulnerability scores presented below.

Community vulnerabilities are an important component of the NHMP risk assessment. Changes to
population, economy, built environment, community lifelines, and infrastructure have not significantly
influenced vulnerability. New development has complied with the standards of the Oregon Building
Code and the county’s development code including their floodplain ordinance. For more in-depth
information regarding specific community vulnerabilities see Volume Ill, Appendix C.

Inter-Hazard Impact and Outcomes

Natural hazard events typically do not occur in isolation from one another. Rather they may have
external effects and impacts on the occurrence or severity of another natural hazard, whether directly,
indirectly, or a combination of both.® Additionally, a natural hazard may trigger the immediate onset of
another natural hazard or exacerbate the severity of an already occurring natural hazard. For example,
an extreme heat event occurring in an area already experiencing drought could further exacerbate it,
thus increasing the severity of the drought.°

In contrast, the impact of one natural hazard on another natural hazard may be delayed, or other
factors may need to be triggered alongside the first natural hazard in order to initiate the onset of the
new natural hazard. For example, wildfire may cause burn scarring that leaves an area dry and sparsely
vegetated. Such conditions may increase the risk of flooding and/or land sliding during times of high
precipitation.!

Furthermore, climate-related natural hazards are exacerbated by the growing impacts of climate
change, which triggers those climate-related hazards to increase in occurrence and severity. In return,
more opportunities are created for climate-related natural hazards to occur.?

Recognizing these relationships between natural hazards impacts and outcomes will allow planners to
identify and implement mitigation actions that are focused more on long-term resiliency and
multipurpose solutions, rather than focusing on solutions for independent natural hazards. In this way,
mitigation planning can position itself as climate adaptation in order to build climate resilience.

Table 5 shows the relationship between inter-hazard impacts, and is to be used as a tool to use when
developing mitigation actions that can mitigate the risks associated with multiple natural hazards, as
well as considering how to incorporate climate adaptation into mitigation actions.

On the vertical axis (y-axis) are the hazards posing as “the cause”, meaning it is the hazard subject we
are looking at, and thus analyzing how that specific hazard impacts other hazards.

° Nature, “How do natural hazards cascade to cause disasters?”, 2018

10 Nature Climate Change, “Precipitation trends determine future occurrences of compound hot-dry events”, 2022
1 National Flood Insurance Program, “Flood After Fire Fact Sheet”, 2012

12 USGS, “How can climate change affect natural disasters?”, accessed June 2023
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On the horizontal axis (x-axis) are the hazard posing as “the effect”, meaning we are understanding how
this hazard could potential be caused and/or exacerbated by “the cause” hazard.

Rather than simply noting “impact” as a general term, “impact” is broken into three categories, which
are defined as the following:

o Direct Impact: The hazard occurs as a direct result of “the cause” hazard.
Example: Extreme Heat has a direct Impact on Drought.

e Indirect Impact: The hazard occurs as a secondary impact or cascading effect of “the cause”
hazard.

Example: Wildfire has an indirect impact on Flooding.
e Both: The hazard occurs as both a direct and indirect result of “the cause” hazard.
Example: Volcanic Event has both a direct and indirect impact on Earthquake.
Table 5 Inter-Hazard Impact Table

] The Effect

Earthquake
Extreme Heat
Flooding
Landslide
Volcanic Event
Winter Storm

The Cause

= Wildfire
s \Windstorm

“x

Drought
Earthquake

Extreme Heat

Flood --

Landslide --

Volcanic Event - --
Wildfire | N

Windstorm ---
-

Winter Storm --

Source: Clackamas County Hazard Mitigation Advisory Committee (2023)
Bold - Natural Hazard Vulnerability/ Impact Increased due to Effects of Climate Change

DOGAMI Natural Hazard Risk Report for Clackamas County

A Multi-Hazard Risk Report for Clackamas County (2024 XXXX) was developed by the Oregon
Department of Geology and Mineral Industries (DOGAMI) in 2023 and was formally published in [Date].

In addition, DOGAMI developed a Risk Report for portions of unincorporated Clackamas County within
the Lower Columbia-Sandy Watershed (2020, O-20-06).

The purpose of these projects are to provide communities in Clackamas County detailed risk
assessments of natural hazards that affect them and to enable communities to compare hazards and act
to reduce their risk. The risk assessments contained in this project quantify the impacts of natural
hazards to these communities and enhance the decision-making process in planning for disaster.
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This study was conducted through completing three primary tasks:

1. Compiling an asset database
2. ldentifying and using best available hazard data
3. Performing natural hazard risk assessment

The Natural Hazard Risk Report for Clackamas County will be a principal risk assessment reference for
the 2023 plan update.

Federal Disaster and Emergency Declarations

Reviewing past events can provide a general sense of the hazards that have caused significant damage
in the county. Where trends emerge, disaster declarations can help inform hazard mitigation project
priorities.

President Dwight D. Eisenhower approved the first federal disaster declaration in May 1953 following a
tornado in Georgia. Since then, federally declared disasters have been approved within every state
because of natural hazard related events. As of January 2024, FEMA has approved a total of 40 major
disaster declarations, 101 fire management assistance declarations and four (4) emergency declarations
in Oregon.®* When governors ask for presidential declarations of major disaster or emergency, they
stipulate which counties in their state they want included in the declaration.

Table 6 summarizes the major disasters declared in Oregon that affected Clackamas County, since 1955.
The table shows that there have been thirteen (13) major disaster declarations for the County (three
since 2018). Most of which were related to weather events resulting primarily in flooding, snow, heat,
and landslide related damage. There has been one disaster declaration for earthquake (1993 Scott
Mills).

Table 7 summarizes fire management assistance and emergency declarations. Fire Management (FM)
Assistance may be provided after a State submits a request for assistance to the FEMA Regional Director
at the time a "threat of major disaster" for a fire emergency exists. There are six (6) fire management
assistance declarations on record for the county.

An Emergency Declaration (EM) is more limited in scope and without the long-term federal recovery
programs of a Major Disaster Declaration. Generally, federal assistance and funding are provided to
meet a specific emergency need or to help prevent a major disaster from occurring. Clackamas County
has four recorded Emergency Declarations related to the 1977 Drought, 2005 Hurricane Katrina
evacuation, the Covid-19 Pandemic, and the 2020 Oregon Wildfires.

13 FEMA, Declared Disasters by Year or State, https://www.fema.gov/disaster/declarations. Accessed April 20, 2023.
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Table 6 FEMA Major Disaster (DR) for Clackamas County

Declaration Declaration Incident Period Per|od Individual |Public Assistance
Number Date From Incident Assisstance Categories

DR-184 12/24/1964 12/24/1964 12/24/1964 Heavy rains and flooding A B,CD,EFG

DR-319 1/21/1972 1/21/1972 1/21/1972 Severe storms, Flooding Yes A B CD,EFG
Severe Storms, Snowmelt,

DR-413 1/25/1974 1/25/1974 1/25/1974 Flooding Yes A B,CD,EFG

DR-985 4/26/1993 3/25/1993 3/25/1993  Earthquake None AB,C D,EFG
High Winds, Severe

DR-1099 2/9/1996 2/4/1996 2/21/1996 Storms/Flooding Yes A B CD,EFG

DR-1510 2/19/2004 12/26/2003 1/14/2004  Severe winter storms None A B,CD,EF G
Severe Storms, Flooding,

DR-1632 3/20/2006 12/18/2005 1/21/2006 Landslides, and Mudslides None AB,CD,EFG
Severe Winter Storm, Record

DR-1824 3/2/2009 12/13/2008 12/26/2008 and Near Record Snow None A B CD,EFG

Severe Winter Storm, Flooding,
Mudslides, Landslides, and
DR-1956 2/17/2011 1/13/2011 1/21/2011  Debris Flows None AB,CD,EFG
Oregon Severe Winter Storms,
Straight-line Winds, Flooding,

DR-4258 2/17/2016 12/6/2015 12/23/2015  Llandslides, and Mudslides None A B,C,D,EF,G

DR-4499 3/28/2020 1/20/2020 5/11/2023  Oregon Covid-19 Pandemic Yes B
Wildfire and Straight-line

DR-4562 9/15/2020 9/7/2020 11/3/2020  Winds Yes AB,CD,EFG

DR-4599 5/4/2021 2/11/2021 2/15/2021 Severe Winter Storm None A B,C,D,EFG

Source: FEMA, Oregon Disaster History. Major Disaster Declarations

Table 7 FEMA Fire Management (FM) and Emergency Declaration (EM)

Declaration |Declaration Incident Period Perlod Individual Public Assistance
Number Date From Incident Assisstance Categories

FM-2043 9/15/1981 9/5/1981 Peavine Peak Fire None

FM-5080 9/16/2014 9/15/2014 9/26/2014 36 Pit Fire None -

FM-5454 9/10/2022 9/10/2022 - Milo Mciver Fire None B, H
Clackamas Count

FM-5370  9/10/2020  9/8/2020  10/6/2020 > -ounty None B, H
Fire Complex

FM-5366 9/9/2020 9/8/2020 10/15/2020 Riverside Fire None B, H
Beachie Creek

FM-5356 9/8/2020 9/7/2020 10/15/2020 . None B, H
Lionshead Complex

EM-3039 4/29/1977 4/29/1977 4/29/1977 Drought None A B
Hurricane Katrina

EM-3228 9/7/2005 8/29/2005 10/1/2005 . None B
Evacuation

EM-3429 3/13/2020 1/20/2020 5/11/2023  Oregon Covid-19 None

EM-3542 9/10/2020 9/8/2020 9/15/2020 Oregon Wildfires None

Source: FEMA, Oregon Disaster History. Major Disaster Declarations.
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Hazard Profiles

The following subsections briefly describe relevant information for each hazard. For additional
background on the hazards, vulnerabilities and general risk assessment information for hazards in
Clackamas County, refer to the State of Oregon NHMP, Region 2, Northern Willamette Valley/Portland
Metro Risk Assessment (2020).

Drought
Significant Changes Since : :
Drought Summary e Uik Applicable Action Items
Hazard Ranking: 6 Content updated per 44 CFR Priority:
201.6(c)(2). MH #1
Total Threat Score: 131 201.6(0)2)
A section on Future
Probability: High Projections added. Other:
MH #5

Vulnerability: Low

Characteristics

A drought is a period of drier than normal conditions. Drought occurs in virtually every climatic zone,
but its characteristics vary significantly from one region to another. Drought is a temporary condition,
though it can bbecome chronic overtime; and it differs from aridity, which is restricted to low rainfall
regions and is a permanent feature of climate. Typically, droughts occur as regional events and often
affect more than one city and county.

Location and Extent

Droughts occur in every climate zone and can vary from region to region. Though droughts are
uncommon throughout Clackamas County, when drought counditions do occur, the impacts are
gidespread and can grow in severity when both winter snow and spring/summer rainfal are low. The
effects of drougt on Clackamas County can further have profound effects on the economy, particularly
the agricultural and hydro-power sectors. Reasons for why drought can have such broad and signficant
impacts on Clackamas County include:

e Higher population density and growing population throughout Clackamas County and the
Willamette Valley;

e Ever growing dependence on surface water supplies for many jurisdictions and municipalities,
agriculture, and industries from large flood control reservoirs in the Willamette and Clackamas
river system;

e Increase in frequency of toxic algal blooms in the Willamette and Clackamas river system
reservoirs, resulting in restrictions on the use of water from these reservoirs for drinking, as
well as potentially being unsafe for agricultural irrigation and other uses. Algal blooms can
necessitate purchasing and transporting water from alternative sources;

e Asdrought is typically accompanied by earlier onset of snowmelt (e.g., during flood control or
early storage season), little or no snowmelt runoff is stored until later;

e FEarlier start of growing season, before the start of irrigation season, which means that crops
may not be irrigated until the irrigation season begins; and

Clackamas County NHMP: Risk Assessment Page |28


https://www.oregon.gov/lcd/NH/Documents/Approved_2020ORNHMP_08_RA2.pdf
https://www.oregon.gov/lcd/NH/Documents/Approved_2020ORNHMP_08_RA2.pdf
https://www.ecfr.gov/current/title-44/part-201#p-201.6(c)(2)
https://www.ecfr.gov/current/title-44/part-201#p-201.6(c)(2)

e |nsufficient number of farm workers available to work during the early onset growing season, as
they are scheduled to arrive during the onset of irrigation season.

These are growing concerns, will be further exacerbated with the future changes in climate, as will the
extent of the impacts from drought.

The extent of drought depends upon the degree of moisture deficiency, and the duration and size of the
affected area. Typically, droughts occur as regional events and often affect more than one county. In
severe droughts, environmental and economic consequences can be significant. Volume Ill, Appendix E
includes maps detailing average precipitation (Map 2) and river sub-basins (Map 4).

History

Clackamas County experiences annual dry conditions typically during the summer months from July
through September, though the length of these dry seasons are extending as greater changes in climate
occur, including less snow fall and earlier onset of snowmelt. Drought is typically measured in terms of
water availability in a defined geographical area. It is common to express drought with a numerical
index that ranks severity. Most federal agencies use the Palmer Method which incorporates
precipitation, runoff, evaporation and soil moisture. However, the Palmer Method does not incorporate
snowpack as a variable. Therefore, it is not believed to provide a very accurate indication of drought
conditions in Oregon and the Pacific Northwest.

The Standardized Precipitation-Evapotranspiration Index (SPEI) is an index of water conditions
throughout the state. The index is designed to account for precipitation and evapotranspiration to
determine drought. The lowest SPEI values, below -2.0, indicate extreme drought conditions. Severe
drought occurs at SPEI values between -2.0 and -1.5, and moderate drought occurs between -1.5 and -
1.0.

Figure 3 shows the water year (October 1 — September 30) history of SPEI from 1895 to 2022 for
Clackamas County. The SPEI record indicates that the county has not experienced extreme drought, has
experienced and 10 years of severe drought (water years 1915, 1924, 1926, 1930, 1939, 1944, 1977,
1994, 2001, 2005, and 2020). In addition, there are 11 years of moderate drought and 42 years of mild
drought.
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Figure 3 Standardized Precipitation-Evapotranspiration Index, 12-Months Ending in September, Jackson
County, OR (1895-2022)
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Source: Western Regional Climate Center. West Wide Drought Tracker. https://wrcc.dri.edu/wwdt/time/.
Created November 21, 2023. Data retrieval method: Counties.

El Nifio/La Nina
El Nifio Southern Oscillation (ENSO) weather patterns can increase the frequency and severity of
drought. During El Nifio periods, alterations in atmospheric pressure in equatorial regions yield an
increase in the surface temperature off the west coast of North America. This gradual warming sets off
a chain reaction affecting major air and water currents throughout the Pacific Ocean; La Nifia periods
are the reverse with sustained cooling of these same areas. In the North Pacific, the Jet Stream is
pushed north, carrying moisture laden air up and away from its normal landfall along the Pacific
Northwest coast. In Oregon, this shift results in reduced precipitation and warmer temperatures,
normally experienced several months after the initial onset of the El Nifio. These periods tend to last
nine to twelve months, after which surface temperatures begin to trend back towards the long-term
average. El Nifio periods tend to develop between March and June, and peak from December to April.
ENSO generally follows a two to seven-year cycle, with El Nifio or La Nifia periods occurring every three
to five years. However, the cycle is highly irregular, and no set pattern exists. The last major El Nifio was
during 1997-1998, and in 2015-2016 Oregon experience a “super” El Nifio (the strongest in 15 years,
the two previous events occurred in 1982-1983 and 1997-1998) that included record rainfall and
snowpack in areas of the state.*

14 Cho, Renne. “El Nino and global warming — what’s the connection.” Phys.org, February 3, 2016. https://phys.org/news/2016-02-el-nino-
global-warmingwhat.html
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Probability Assessment

Based on the available data and research the Hazard Mitigation Advisory Committee (HMAC) assessed
the probability of experiencing a locally severe drought as “High,” meaning one incident is likely within
the next 10 to 35 years. This rating has not changed since the previous NHMP.

Droughts are not uncommon in the State of Oregon, nor are they just an “east of the mountains”
phenomenon. They occur in all parts of the state, in both summer and winter. Oregon’s drought history
reveals many short-term and a few long-term events. The average recurrence interval for severe
droughts in Oregon is somewhere between 8 and 12 years.

Future Projections®® 16

According to the Oregon Climate Change Research Institute “Future Climate Projections, Clackamas
County,” drought, as represented by low summer soil moisture, low spring snowpack, low summer
runoff, and low summer precipitation, is projected to become more frequent in Clackamas County by
the 2050s.

Increasingly frequent droughts will have economic and social impacts upon those who depend upon
predictable growing periods (ranches, farms, vineyards, gardeners) as well as upon the price and
availability of fresh vegetables. It may also stress local jurisdiction’s ability to provide water for irrigation
or commercial and household use.

Vulnerability Assessment

The HMAC rated the County as having a “low” vulnerability to drought hazards, meaning it is expected
that less than 1% of the unincorporated County’s population or assets would be affected by a major
drought emergency or disaster. This rating has not changed since the previous NHMP.

The environmental and economic consequences can be significant, especially for the agricultural sector.
Drought also increases the probability of wildfires —a major natural hazard concern for Clackamas
County. Drought can affect all segments of Clackamas County’s population, particularly those employed
in water-dependent activities (e.g., agriculture, hydroelectric generation, recreation, etc.). Also,
domestic water-users may be subject to stringent conservation measures (e.g., rationing) as per the
County’s water management plan.

Certain areas and issues in Oregon are of greater concern regarding the impacts of drought, including
impact on drinking water systems, power and water enterprises, residential and community wells in
rural areas, fire and emergency response capabilities, and the well-being of fish and wildfire. Drought’s
impact is far and wide and has impacted many different sectors and area of Clackamas County. In
Clackamas County, drought poses the greatest threat many impact categories, with the most prevalent
being among agriculture activities, followed by business & industry and plans & wildlife. Table 8
summarizes the distribution of report drought impacts based on impact category in Clackamas County.

5 Oregon Climate Change Research Institute (OCCRI), 6% Oregon Climate Assessment Report (2023).
https://blogs.oregonstate.edu/occri/oregon-climate-assessments/
16 OCCRI, “Future Climate Projections Clackamas County, Oregon”
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Table 8 Reported Drought Impacts since 2000 in
Clackamas County basd on Impact Category

Number of
Impact Category Instances

Agriculture 13
Business & Industry 6
Energy 0
Fire 2
Plants & Wildlide 5

Relief, Response, &

Restrictions 2
Society & Public Health 0
Tourism & Recreation 0
Water Supply & Quality 1

Source: National Drought Mitigation Center, Drought Impact Reporter Dashboard

Inter-Hazard Impact and Outcomes — Drought'"'®

As the primary natural hazard, a.k.a “the cause”, drought has indirect impacts on several other hazards,
a.k.a. “the effect”, and as a climate hazard, its impacts are further exacerbated by the effects of climate
change.

e Flood —Indirect: As drought dries out the ground and soil, leaving a barer and arid landscapes,
water is unable to adequately be saturated into the ground, leading to higher chances of flash
floods during times of rain.

e landslide —Indirect: As with flood, the bare and arid landscape that results from a drought leaves
water unable to adequately be saturated into the ground, thus with the presence of high
amounts of precipitation on drought-impacted land, the ground can become stressed and can
trigger unstable sliding of landslides.

o Wildfire — Indirect: Causing a bare and arid landscape, drought leaves can cause vegetation to die
and dry-up, and thus able to act as potential fuel for wildfire. Also, droughts can reduce the
amount of water that is available to fight wildfires.

17 Scientific Report, A shift from drought to extreme rainfall drives a stable landslide to catastrophic failure, 2019
8 Drought.gov -, Wildfire Management, Drought Impacts on Wildfire Management, 2023
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Earthquake

Significant Changes Since Applicable Action

Hazard Ranking: 2 3 Content updated per 44 CFR Priority:
201.6(c)(2). MH #1, MH #6
Total Threat Score: 182 177

Quantitative risk assessment
added (DOGAMI Risk Report).  Other:

MH #3, MH #5, MH #7,
Vulnerability: High High EQ#1, EQ #2

Probability: Moderate Low

Characteristics

The Pacific Northwest in general is susceptible to earthquakes from four sources: 1) the offshore
Cascadia Subduction Zone, 2) deep intraplate events within the subducting Juan de Fuca Plate, 3)
shallow crustal events within the North American Plate, and 4) earthquakes associated with volcanic
activity.

Crustal Fault Earthquakes

Crustal fault earthquakes are the most common earthquakes and occur at relatively shallow depths of
6-12 miles below the surface.’® While most crustal fault earthquakes are smaller than magnitude 4 and
generally create little or no damage, they can produce earthquakes of magnitudes up to 7, which cause
extensive damage. Clackamas County has seven documented crustal faults that could cause serious
damage to buildings and infrastructure. These include: Portland Hills, Sandy River, Bolton, Mount Angel,
Grant Butte, Clackamas Creek, and Mount Hood. These faults could generate earthquakes 6.5 or larger.
Note: The hazards associated with the Portland Hills and Mount Hood faults area discussed in more
detail within this profile.

Deep Intraplate Earthquakes

Occurring at depths from 25 to 40 miles below the earth's surface in the subducting oceanic crust, deep
intraplate earthquakes can reach up to magnitude 7.5.?° The February 28, 2001 earthquake in
Washington State was a deep intraplate earthquake. It produced a rolling motion that was felt from
Vancouver, British Columbia to Coos Bay, Oregon and east to Salt Lake City, Utah. A 1965 magnitude 6.5
intraplate earthquake centered south of Seattle-Tacoma International Airport caused seven deaths.??

Subduction Zone Earthquakes

The Cascadia Subduction Zone (CSZ) refers to a region of the Pacific Ocean roughly 70-100 miles off the
Oregon Coast where the Pacific Tectonic Plate is sinking beneath the North American Tectonic Plate.
Currently two plates are converging at a rate of about 1-2 inches per year, with the North American
Plate moving in a southwest direction, overriding the Pacific and Juan de Fuca Plates. Subduction zone
earthquakes are caused by the abrupt release of slowly accumulated stress when the plates “snap”

¥ Madin, lan P. and Zhenming Wang. Relative Earthquake Hazard Maps Report. (1999) DOGAMI.
20 planning for Natural Hazards: The Oregon Technical Resource Guide, Department of Land Conservation and Development (July 2000), Ch. 8,

pp. 8.
21 The Oregonian. "A region at risk." March 4, 2001.
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from the pressure.?? Subduction zones like the CSZ have produced catastrophic earthquakes with
tsunamis occuring as an effect. These earthquakes can have magnitudes ranging from an 8 or higher.
Historic subduction zone earthquakes include the 1960 Chile (magnitude 9.5) and 1964 southern Alaska
(magnitude 9.2) earthquakes? with more recent events being the 2004 Indian Ocean (magnitude 9.1)
and 2011 Japan (magnitude 9).

Figure 4 shows a cross-sectional view of the CSZ and demonstrates how the tectonic plates off the
Pacific Coast interact to generate subterranean pressure. Included are other prominent sources of
earthquake activity in the Pacific Northwest as well as dates of notable past events.

Figure 4 Cross-Section of the Cascadia Subduction Zone (CSZ)

Cascadia earthquake sources

Source: U.S. Geological Survey

Volcanic Earthquakes

Volcanic earthquakes are usually smaller than magnitude 2.5, roughly the threshold for shaking felt by
observers close to the event. Swarms of small earthquakes may persist for weeks to months before
eruptions, but little or no earthquake damage would occur to buildings in surrounding communities.
Some volcanic related swarms may include earthquakes as large as about magnitude 5.

While all four types of earthquakes have the potential to cause major damage, local crustal faults are
expected to be more damaging primarily because of their proximity to densely populated areas.?*

22 Questions and Answers on Earthquakes in Washington and Oregon (February 2001)
www.geophys.washington.edu/seis/pnsn/info_general/fag.html.

23 The Oregonian. "A region at risk." March 4, 2001.

24 Bauer, John, William Burns, and lan Madin. Earthquake Regional Impact Analysis for Clackamas, Multnomah, and Washington Counties,
Oregon. (2018). DOGAMI
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Location and Extent

The seismic hazard for Clackamas County arises predominantly from major earthquakes on the Cascadia
Subduction Zone. Large (M6.8-7.0M), crustal earthquakes in or near Clackamas County could be more
damaging than a CSZ earthquake but the likelihood of these events is considerably less. Additional fault
zones throughout the county and region may produce localized crustal earthquakes up to 6.0. Table 9
presents a list of the different Class A and B fault lines throughout the county. In addition, the Mount
Hood Fault (Class C) is located near Mount Hood and runs approximately 55 kilometers north from Clear
Lake to the Columbia River.?> A local earthquake of M 6.0 or a regional M 9.0 earthquake is likely to
cause substantial structural damage to bridges, buildings, utilities, and communications systems, as well
as the following impacts to infrastructures and the environment:

e Floods and landslides

e Fires, explosions, and hazardous materials incidents

e Disruption of vital services such as water, sewer, power, gas, and transportation routes

e Disruption of emergency response systems and services

e Displaced Households

e Economic losses for buildings

e Economic loss to highways, airports, communications

e Generated debris

e lllness, injury, and death

e Significant damage to critical and essential facilities, including schools, hospitals, fire stations,
police departments, city hall

For more information on Class A and B faults located in Clackamas County see the US Geological Survey,
Quaternary Fault and Fold Database: https://www.usgs.gov/programs/earthquake-hazards/faults.

The extent of the earthquake hazard is measured in magnitude. Figure 5 shows a generalized geologic
map of Clackamas County and includes the areas for potential low and moderate liquefaction. The
figure also shows that recent earthquakes have registered as Magnitude 5 or less (earthquakes at this
magnitude are often felt but cause no damage, or only minor damage). Clackamas County can expect
similar earthquake magnitudes to occur in the future. The Cascadia Subduction Zone earthquake has
the capacity to cause a magnitude 8.5 or greater earthquake; however, due to the distance from
Clackamas County the damage locally is expected to be significant, but less than a local crustal fault.
Volume Ill, Appendix E includes additional maps detailing soil liquefaction (Map 8), soil amplification
(Map 9), and relative earthquake hazard (Map 10).

2 Scott, W.E., and Gardner, C.A., 2017, Field trip guide to Mount Hood, Oregon, highlighting eruptive history and hazards. U.S. Geological
Survey Scientific Investigations Report 2017-5022-G.
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Table 9 Class A and B Faults Located in or near Clackamas County

Length Recent Slip-Rate
(km) Deformation Category

Primary
County, State

Canby-Molall Latest t Less than 0.2
anby-Molalla Clackamas County  50km atest Quaternary ess than
Fault (<15ka) mm/yr
Clack Riv t <1.6 Less than 0.2
ackamas River A 864 Marion County 29km Quaternary ( ess than
Fault Zone Ma) mm/yr
t <1.6 Less than 0.2
Bull Run Thrust B 868 Clackamas County ~ 9km Quaternary { ess than
Ma) mm/yr
) Latest Quaternary Less than 0.2
Mount Angel Fault A 873 Marion County 30km
(<15ka) mm/yr
t <1.6 Less than 0.2
Bolton Fault B 874 Clackamas County ~ 9km Quaternary ( <
Ma) mm/yr
Washingt t <1.6 Less than 0.2
Oatfield Fault A 875 sz 29km PIegary | ess than
County Ma) mm/yr
Multnomah Latest Quaternary Less than 0.2
East Bank Fault A 876 29km
County (<15ka) mm/yr
Portland Hills t <1.6 Less than 0.2
! A 877 Columbia County  49km Qg2 | ess than
Fault Ma) mm/yr
Damascus-Tickle Multnomah Middle and Late Less than 0.2
A 879 17km
Creek Fault Zone County Quaternary (<750ka) mm/yr

Source: US Geological Survey (USGS), Quaternary Fault and Fold Database

Liquefaction

Liquefaction occurs when ground shaking causes wet granular soils to change from a solid state to a
liquid state. This results in the loss of soil strength and the soil's ability to support weight. Buildings and
their occupants are at risk when the ground can no longer support these buildings and structures.

To develop a regional liqguefaction hazard map (Volume I, Appendix E, Map 8) for Clackamas County,

DOGAMI started by collecting the best available geologic information. Hazard groupings were primarily
based on lithologies and checked with individual data points. With the available information compiled,
DOGAMI assigned liquefaction susceptibility classes based on the dominant lithologies for each geologic
unit in the study area, checked source data boundaries, and simplified the GIS outputs into four relative
hazard classes: None/Very Low, Low, Moderate, and High. Areas with Moderate to High liquefaction
susceptibilities are concentrated along the rivers and flood plains in the Willamette Valley, Cascade
Range tributaries, and major stream valleys within the Cascade Range. Older river terrace and Missoula
Flood deposits in the Willamette Valley were assigned a lower liquefaction hazard yet are still
considered susceptible to liquefaction in larger earthquakes. It is important to note that the quality and
scale of the available base maps precluded identification of all liquefaction hazard areas, particularly in
the eastern portion of the county.

Clackamas County NHMP: Risk Assessment Page | 2-16



Figure 5 Liquefaction Susceptibility, Earthquake Epicenters (2005-2023), and Active Faults
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Amplification
Soils and soft sedimentary rocks near the earth's surface can modify ground shaking caused by
earthquakes. One of these modifications is amplification. Amplification increases the magnitude of the
seismic waves generated by the earthquake. The amount of amplification is influenced by the thickness
of geologic materials and their physical properties. The degree of amplification greatly affects the
performance of infrastructure in earthquake. Buildings and structures built on soft and unconsolidated
soils, for example, face greater risk. Amplification can also occur in areas with deep sediment filled
basins and on ridge tops.

DOGAMI developed the ground shaking amplification map (Volume Ill, Appendix E, Map 9) based
generally on the NEHRP 1997 method of categorizing relative hazards and simplified the GIS outputs
into relative hazard classes — Low, Moderate, and High. The resulting map is not intended to be used in
place of site-specific studies. The high hazard soils are located along and adjacent to streams and rivers
in Clackamas County. The eastern portion of the county is varied, with competent bedrock areas
mapped as Low hazard, dense soil areas mapped as Moderate hazard, and younger landslide and
alluvial deposit areas mapped as High hazard for ground shaking amplification.?®

DOGAMI and Clackamas County GIS worked together to combine the ground shaking, amplification, and
liquefaction data to develop a composite Relative Earthquake Hazard Map (Volume Ill, Appendix E, Map
10). This map represents the overall earthquake hazards in Clackamas County.

26 Hofmeister, Hasenberg, Madin, Wang, 2003. "Earthquake and Landslide Hazard Maps and Future Earthquake Damage Estimates for
Clackamas County, Oregon: Oregon Department of Geology and Mineral Industries Open-File Report 0-03-10."
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Due to the expected pattern of damage resulting from a CSZ event, the Oregon Resilience Plan divides
the State into four distinct zones and places Clackamas County predominately within the “Valley Zone”
(Valley Zone, from the summit of the Coast Range to the summit of the Cascades).

DOGAMI, in partnership with other state and federal agencies, has undertaken a rigorous program in
Oregon to identify seismic hazards, including active fault identification, bedrock shaking, tsunami
inundation zones, ground motion amplification, liquefaction and earthquake induced landslides.
DOGAMI has published a number of seismic hazard maps that are available for communities to use. The
maps show liquefaction, ground motion amplification, landslide susceptibility and relative earthquake
hazards. OPDR used the DOGAMI Statewide Geohazards Viewer to present a visual map of recent
earthquake activity, active faults and liquefaction; ground shaking is generally expected to be higher in
the areas marked by soft soils in the map above. The severity of an earthquake is dependent upon a
number of factors including: 1) the distance from the earthquake’s source (or epicenter); 2) the ability
of the soil and rock to conduct the earthquake’s seismic energy; 3) the degree (i.e., angle) of slope
materials; 4) the composition of slope materials; 5) the magnitude of the earthquake; and 6) the type of
earthquake.

For more information, see the following reports:

e  Multi-Hazard Risk Report for the Clackamas County, Oregon: Including the cities of Barlow,
Canby, Estacada, Gladstone, Happy Valley, Johnson City, Lake Oswego, Milwaukie, Molalla,
Oregon City, Rivergrove, Sandy,West Linn, and Wilsonville and the unincorporated communities
of Molalla Prairie, Mulino Hamlet, Stafford Hamlet, and The Villages at Mt Hood (2024, XXXX).

e  Multi-Hazard Risk Report for the Lower Columbia-Sandy Watershed, Oregon: Including the cities
of Gresham, Sandy, and Troutdale and Unincorporated Communities of Government Camp and
The Villages at Mt Hood (2020, 0-20-06).

e Coseismic landslide susceptibility, liqguefaction susceptibility, and soil amplification class maps,
Clackamas, Columbia, Multnomah, and Washington Counties, Oregon: For use in Hazus: FEMA's
methodology for estimating potential losses from disasters (2019, O-19-09).

e Farthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties,
Oregon (2018, 0-18-02).

e Statewide Cascadia earthquake hazard data (2013, 0-13-06)

e (Cascadia Subduction Zone earthquakes: A magnitude 9.0 earthquake scenario, (2012, 0-12-22)

e  Multi-Hazard and Risk Study for the Mount Hood Region (2011, O-11-16). Portions of the
earthquake section superseded by the Multi-Hazard Risk Report for the Lower Columbia-Sandy
Watershed.

e Statewide seismic needs assessment: Implementation of Oregon 2005 Senate Bill 2 relating to
public safety, earthquakes, and seismic rehabilitation of public buildings, (2007, 0-07-02).

e Map of selected earthquakes for Oregon: 1841-2002 (2003, 0-03-02).

e |nterpretive Map Series: IMS-9 - Relative earthquake hazard maps for selected urban areas in
western Oregon (2000, IMS-9).

Additional reports are available via DOGAMI’s Publications Search website:

https://www.oregon.gov/dogami/pubs/Pages/pubsearch.aspx

Other agency/ consultant reports:

Oregon Resilience Plan (2013)
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The Mount Hood Fault Zone — Late Quaternary and Holocene fault features newly mapped with high-
resolution lidar Imagery (p. 100-109).

History

Dating back to 1841, there have been more than 6,000-recorded earthquakes in Oregon, most with a
magnitude below three. Figure 5 shows earthquake epicenters for the Clackamas County region since
2005. Portland and its surrounding region is potentially the most seismically active area within Oregon.
The Portland metropolitan region has encountered seventeen earthquakes of an estimated magnitude
of four and greater, with major earthquakes in. 1877 (magnitude 5.3), 1962 (magnitude 5.2), and 1993
(magnitude 5.6). Although seismograph stations were established as early as 1906 in Seattle and 1944 in
Corvallis, improved seismograph coverage of the Portland region did not begin until 1980, when the
University of Washington expanded its regional network into northwestern Oregon.

Geologic evidence shows that the Cascadia Subduction Zone has generated great earthquakes, most
recently about 300 years ago. It is generally accepted to have been magnitude 9 or greater. The average
recurrence interval of these great Cascadia earthquakes is approximately 500 years, with gaps between
events as small as 200 years and as large as almost 800 years. Table 10 provides a list of notable CSZ
earthquakes that have occurred and the recurrence interval of the event. As of 2023, it has been 323
years since the last CSZ event.

Table 10 History of Cascadia Subduction Zone Earthquake Events

Recurrence
Approximate Year Intervals (Years)

1700 CE 312
920 CE 780
650 CE 270
280 CE 370
530 BCE 790
840 BCE 310
1180 BCE 340

Source: USGS, “Earthquake recurrance inffered from paleoseismology”, 2003

Probability Assessment

Based on the available data and research the HMAC determined the probability of experiencing a
Cascadia Subduction Zone (CSZ) is “moderate”, meaning one incident may occur within the next 35 to
75 years. The HMAC determined the probability of experiencing a crustal earthquake is “low”, meaning
one incident may occur within the next 75 to 100 years. These ratings have not changed since the
previous NHMP.

Clackamas County is susceptible to deep intraplate events within the Cascadia Subduction Zone (CSZ),
where the Juan de Fuca Plate is diving beneath the North American Plate and shallow crustal events
within the North American Plate.

According to the Oregon NHMP, the return period for the largest of the CSZ earthquakes (Magnitude
9.0+) is 530 years with the last CSZ event occurring 323 years ago in January of 1700. The probability of
a 9.0+ CSZ event occurring in the next 50 years ranges from 7 - 12%. Notably, 10 - 20 “smaller”
Magnitude 8.3 - 8.5 earthquakes occurred over the past 10,000 years that primarily affected the
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southern half of Oregon and northern California. The average return period for these events is roughly
240 years. The combined probability of any CSZ earthquake occurring in the next 50 years is 37 - 43%.2’

Additionally, DOGAMI has developed a new probability ranking for Oregon counties that is based on the
average probability of experiencing damaging shaking during the next 100 years. Ranking was
categorized into 5 categories, each with a probability percentage range assigned based on mean county
value of the probability of damaging shaking. The categories are as follows:

e Category 1 100-year probability < 10%
e Category 2 100 year probability 10-20%
o (Category 3 100 year probability 21-31%
e (Category 4 100 year probability 32-45%
e (Category 5 100 year probability > 45%

Figure 6 shows the categories for each of the counties, with Clackamas County scoring a 42%, placing it
as a Category 4. This means that the probability of damaging shaking occurring during the next 100
years is 42%, putting it at a high probability.

Figure 6 2020 Oregon Earthquake Probability Ranking Based on Mean County Value of the Probability of
Damaging Shaking

- Category 1 - Category 2 . Category 5

Source: DOGAMI, 2020; State of Oregon Natural Hazard Mitigation Plan (2020), Region 2

27 DLCD, Oregon Natural Hazards Mitigation Plan (2020).
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Establishing a probability for crustal earthquakes is difficult given the small number of historic events in
the region. However, both of the faults used to inform this report (Portland Hills and Mount Hood) have
a low probability of rupture. Earthquakes generated by volcanic activity in Oregon’s Cascade Range are

possible, but likewise unpredictable. For more information, see the DOGAMI reports cited previously.

Future Projections
Future development (residential, commercial, or industrial) within Clackamas County will be at risk to
earthquake impacts, although this risk can be mitigated by the adoption and enforcement of high
development and building standards. Reducing risks to vulnerable populations should be considered
during the redevelopment of existing properties.

Vulnerability Assessment

The HMAC rated the County as having a “high” vulnerability to the Cascadia Subduction Zone (CSZ)
earthquake hazard meaning that more than 10% of the unincorporated County’s population or assets
would be affected by a major CSZ event. The HMAC rated the County as having a “high” vulnerability to
a crustal earthquake hazard, meaning that more than 10% of the unincorporated County’s population
or assets would be affected by a major crustal earthquake event. These ratings have not changed since
the previous NHMP.

The local crustal faults, the county’s proximity to the Cascadia Subduction Zone, potential slope
instability and the prevalence of certain soils subject to liquefaction and amplification combine to give
the county a high-risk profile.

Factors included in an assessment of earthquake risk include population and property distribution in the
hazard area, the frequency of earthquake events, landslide susceptibility, buildings, infrastructure and
disaster preparedness of the region. This type of analysis can generate estimates of the damages to the
county due to an earthquake event in a specific location.

Seismic activity can cause great loss to businesses, either a large-scale corporation or a small retail shop.
Losses not only result in rebuilding cost, but fragile inventory and equipment can be destroyed. When a
company is forced to stop production for just a day, business loss can be tremendous. Residents,
businesses and industry all suffer temporary loss of income when their source of finances is damaged or
disrupted.

Figure 7 shows the expected shaking/damage potential for Clackamas County as a result of a Cascadia
Subduction Zone (CSZ) earthquake event. The figure shows that the county will experience “moderate”
to “severe” shaking that will last two to four minutes. The strong shaking will be extremely damaging to
lifeline transportation routes including I-5. For more information on expected losses due to a CSZ event
see the Oregon Resilience Plan and the Risk Report information provided below. Analysis of the Relative
Earthquake Hazard Map (Volume Ill, Appendix E, Map 10)

Clackamas County considers two main earthquake related vulnerability categories: Life and Property
and Critical Facilities and Infrastructure. Both categories are discussed in further detail below.

The amount of property in the relative earthquake high hazard area, as well as the type and value of
structures on those properties, is calculated to provide a working estimate for potential losses. Table 2-
7 shows potentially impacted parcels, critical and critical facilities, vulnerable populations, and
infrastructure within Clackamas County.
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Inter-Hazard Impact and Outcomes — Earthquake?®?°

As the primary natural hazard, a.k.a “the cause”, earthquake has both direct and indirect impacts on
several other hazards, a.k.a. “the effect”.

e Flood —Indirect: Earthquakes can potentially indirectly influence floods by causing disturbances
to physical infrastructure, such as causing a dam or levee to rupture and flood.

e Llandslide — Indirect: Earthquakes can potentially indirectly influence landslides by putting stress
on unstable and steep slopes, due to ground shaking, which is a driving factor that contributes to
potential landslides.

e Volcanic Event - Both: Earthquakes can potentially directly and indirect influence a volcanic event
to occur. The occurrence of an earthquake trigger a volcanic eruption that are already poised due
to erupt due to shifting of tectonic plates or affecting crustal pathways by which magma moves.
Furthermore, the occurrence of an earthquake can disturb gases within a magma chamber, and
this strain could evolve after an earthquake, and resulting a volcanic event later down the line.

e Wildfire — Indirect: Due to the disruption that an earthquake can have on physical infrastructure,
such as electrical and gas lines, can lead to the release or exposure of flammable and/or

28 Geosciences, Effects of Earthquakes on Flood Hazards: A Case Study From Christchurch, New Zealand, 2020
29 USGS, Can earthquakes trigger volcanic eruptions?, accessed April 20, 2023
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combustible material. Such material can either serve as an ignition source and/or a fuel source to
exacerbate a fire.

Natural Hazard Risk Reports for Clackamas County

The Risk Reports (DOGAMI, O-20-06) and DOGAMI, 0-24-XX) provide hazard analysis summary tables
that identify populations and property within the Lower Columbia-Sandy River Watershed Study Area
and countywide that are vulnerable to the Cascadia subduction zone earthquake and a local crustal
earthquake event associated with the Mount Hood fault or the Canby-Molalla Fault. Volume ll,
Appendix D provide Community Risk Profiles for the unincorporated area of Clackamas County.

According to the Risk Reports the following population and property within the study area may be
impacted by the profiled events (where data is provided in both reports the newer data is presented
below):

Unincorporated Clackamas County®

Cascadia Subduction Zone event (M9.0 Deterministic): 9,616 buildings are expected to be damaged (58
critical facilities) for a total potential loss of $5.18 billion (a loss ratio of 14%). In addition, 5,497
residents may be displaced (about 3% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): 9,481 buildings are expected to be damaged (22
critical facilities) for a total potential loss of $3.24 billion (a loss ratio of 9%). In addition, 4,020 residents
may be displaced (about 2% of the population).

Sandy Watershed Only: 3

Crustal event (Mt Hood M6.9 Probabilistic): 81 buildings are expected to be damaged (O critical facilities)
for a total potential loss of $22,080,000 (a loss ratio of 3%). In addition, 70 residents may be displaced
(about 2% of the population).

Government Camp?®

Cascadia Subduction Zone event (M9.0 Deterministic): 5 buildings are expected to be damaged (O critical
facilities) for a total potential loss of $5,406,000 (a loss ratio of 2%). In addition, 4 residents may be
displaced (less than 1% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): O buildings are expected to be damaged (O critical
facilities) for a total potential loss of $510,000 (a loss ratio of less than 1%). In addition, no residents
may be displaced (about 0% of the population).

Sandy Watershed Only:

Crustal event (Mt Hood M6.9 Probabilistic): 348 buildings are expected to be damaged (1 critical facility;
Hoodland RFPD #74) for a total potential loss of $67,142,000 (a loss ratio of 46%). In addition, 100
residents may be displaced (about 30% of the population).*

30 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-1.
31 DOGAMI, Lower Columbia-Sandy Watershed Natural Hazard Risk Report (March 2018 Draft), Table 9-1.
32 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-3.
33 DOGAMI, Lower Columbia-Sandy Watershed Natural Hazard Risk Report (March 2018 Draft), Table 9-5.
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Molalla Prairie®*

Cascadia Subduction Zone event (M9.0 Deterministic): 361 buildings are expected to be damaged (1
critical facility) for a total potential loss of $92.7 million (a loss ratio of 7%). In addition, 27 residents may
be displaced (less than 1% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): 1,275 buildings are expected to be damaged (3
critical facilities) for a total potential loss of $319.4 million (a loss ratio of less than 24%). In addition,
217 residents may be displaced (about 5% of the population).

Mulino Hamlet®

Cascadia Subduction Zone event (M9.0 Deterministic): 253 buildings are expected to be damaged (2
critical facilities) for a total potential loss of $56.8 million (a loss ratio of 10%). In addition, 39 residents
may be displaced (a little more than 1% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): 460 buildings are expected to be damaged (2 critical
facilities) for a total potential loss of $103.5 million (a loss ratio of about 18%). In addition, 98 residents
may be displaced (about 4% of the population).

Stafford Hamlet3®

Cascadia Subduction Zone event (M9.0 Deterministic): 108 buildings are expected to be damaged (3
critical facilities) for a total potential loss of $46.6 million (a loss ratio of 8%). In addition, 41 residents
may be displaced (a little more than 1% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): 262 buildings are expected to be damaged (3 critical
facilities) for a total potential loss of $46.6 million (a loss ratio of about 8%). In addition, 151 residents
may be displaced (about 5% of the population).

The Villages at Mt. Hood?’

Cascadia Subduction Zone event (M9.0 Deterministic): 183 buildings are expected to be damaged (1
critical facility) for a total potential loss of $44,545,000 (a loss ratio of 3%). In addition, 74 residents may
be displaced (about 1% of the population).

Crustal event (Canby-Molalla M6.8 Deterministic): 12 buildings are expected to be damaged (O critical
facilities) for a total potential loss of $4.8 million (a loss ratio of less than 1%). In addition, 4 residents
may be displaced (less than 1% of the population).

Sandy Watershed Only:3®

Crustal event (Mt Hood M6.9 Probabilistic): 923 buildings are expected to be damaged (2 critical
facilities) for a total potential loss of $177,327,000 (a loss ratio of 22%). In addition, 993 residents may
be displaced (about 16% of the population).

Earthquake Regional Impact Analysis

In 2018 DOGAMI completed a regional impact analysis for earthquakes originating from the Cascadia
Subduction Zone and Portland Hills faults (0-18-02). Their study focused on damage to buildings, and

34 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-5.
35 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-7.
36 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-9.
37 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-11.
38 DOGAMI, Lower Columbia-Sandy Watershed Natural Hazard Risk Report (March 2018 Draft), Table 9-7
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the people that occupy them, and to two key infrastructure sectors: electric power transmission and
emergency transportation routes. Each earthquake was studied with wet and dry soil conditions and for
events that occur during the daytime (2 PM) and night time (2 AM). Impacts to buildings and people
were tabulated at the county, jurisdictional, and neighborhood unit level. Estimated damaged varied
widely across the study area depending on local geology, soil moisture conditions, type of building, and
distance from the studied faults. In general, damage from the Cascadia Subduction Zone scenario was
greater in the western portion of the study area, however, damage could still be significant in some
areas east of the Willamette River. The report found that damage to high-value commercial and
industrial buildings was high since many of these facilities are in areas of high to very high liquefaction
hazard (Figure 2-5). Casualties were higher during the daytime scenario (generally double) since more
people would be at work and occupying non-wood structures that fare worse in an earthquake. The
Portland Hills fault scenario created greater damages than the Cascade Subduction Zone scenario due
primarily to its placement relative to population centers and regional assets; however, at distances 15
or more miles from the Portland Hills fault the damages from the Cascadia Subduction Zone scenario
generally were higher. In both the Cascadia Subduction Zone and Portland Hills Fault scenarios it is
forecasted that emergency transportation routes will be fragmented, affecting the distribution of goods
and services, conditions are worse under the Portland Hills Fault scenario. Portions of the electric
distribution system are also expected to be impacted under both scenarios, however, the impact is
considerably less than it is to the transportation routes. Additional, capacity or redundancy within the
electric distribution network may be beneficial in select areas that are likely to have greater impacts.

Table 11 shows the buildings that are in regions that are susceptible to liquefaction and landslides, it
does not predict that damage will occur in specific areas due to either liquefaction or landslide. The
table shows that a small percentage of buildings are located within the area susceptible to liquefaction
(4% high and very high) or landslides (2% high to very high).

Table 11 Building statistics by Hazus-based liquefaction susceptibility rating
and earthquake-induced landslide susceptibility rating

Building Building
Number of Value Value
Buildings (S Million) Percent

Liquefaction Susceptibility
None to Low 113,010 63% 36,392 58%
Moderate 58,905 33% 23,738 38%
High 746 0% 276 0%
Very High 6,503 4% 1,984 3%

Landslide Susceptibility

None to Low 161,505 90% 56,485 91%
Moderate 14,582 8% 4,890 8%
High 3,077 2% 1,015 2%
Total 179,164 100% 62,390 100%

Source: DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, 0-18-02),
Tables 10-5 and 10-6.

Table 12 shows building damage expected under the Cascadia Subduction Zone scenario, about 13% of
all buildings are expected to be damaged in the “dry” scenario and 15% in the “wet” scenario. Of those,
it is expected that 158 buildings will collapse in the “dry” scenario, while 313 are expected to collapse in
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the “wet” scenario.®® The unincorporated portions of Clackamas County are expected to have a 5%
building loss ratio with a repair cost of $1.5 billion under the CSZ “dry” scenario, and a 7% building loss
ratio with a repair cost of $2.18 billion under the CSZ “wet” scenario.*

Table 12 Number of buildings per damage state for CSZ earthquake and soil moisture scenario

Building Damage “Dry" Building "Wet" Building
State Yol Percent Saturated Soil Percent

None 121,428 68% 119,150 67%
Slight 34,145 19% 33,133 18%
Moderate 15,936 9% 15,386 9%
Extensive 5,390 3% 5,228 3%
Complete 2,265 1% 6,267 3%
Total 179,164 100% 62,390 100%

Source: DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, O-18-02), Tables 12-1.

Table 13 shows building damage expected under the Portland Hills Fault scenario, about 46% of all
buildings are expected to be damaged in the “dry” scenario and 49% in the “wet” scenario. Of those, it
is expected that 666 buildings will collapse in the “dry” scenario, while 1,066 are expected to collapse in
the “wet” scenario.** The unincorporated portions of Clackamas County are expected to have a 20%
building loss ratio with a repair cost of $5.9 billion under the CSZ “dry” scenario, and a 26% building loss
ratio with a repair cost of $7.6 billion under the CSZ “wet” scenario.

Table 13 Number of buildings per damage state for Portland Hills Fault earthquake
and soil moisture scenario

Building Damage "Dry" Building "Wet" Building
State Sail Percent Saturated Soil Percent

None 50,466 28% 47,990 27%
Slight 46,152 26% 42,988 24%
Moderate 47,122 26% 43,417 24%
Extensive 22,526 13% 20,761 12%
Complete 12,898 7% 24,008 13%
Total 179,164 100% 179,164 100%

Source: DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, O-18-02), Tables 12-1.

Table 14 shows the permanent resident population that lives within buildings that are exposed to
different expected levels of building damage. More population is exposed to higher degrees of expected
damage under the Portland Hills Fault “wet” scenario than in any other scenario. The unincorporated
portions of Clackamas County are expected to have around 778 daytime or 216 nighttime casualties
during the CSZ “dry” scenario and 1,058 daytime or 508 nighttime casualties during the CSZ “wet”

39 DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, 0-18-02), Table 12-3.
40 DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, 0-18-02), Table 12-9.
“11bid, Tables 12-8 and 12-9
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scenario. In addition, it is expected that there will be a long-term displaced population of around 1,006
for the CSZ “dry” scenario and 4,652 for the CSZ “wet” scenario.

The long-term displaced population and casualties are greatly increased for all the Portland Hills Fault
scenarios. The unincorporated portions of Clackamas County are expected to have around 3,582
daytime or 1,500 nighttime casualties during the Portland Hills Fault “dry” scenario and 4,555 daytime
or 2,462 nighttime casualties during the Portland Hills Fault “wet” scenario. In addition, it is expected
that there will be a long-term displaced population of around 12,036 for the Portland Hills Fault “dry”
scenario and 24,307 for the Portland Hills Fault “wet” scenario.

Table 14 Permanent residents displanced by building damage state and by earthquake
and soil moisture conditions scenario

Cascadia Subduction Zone (M9.0) Portland Hills Fault (M6.8)

n Dryll "WEt" " Dryll "Wet"
Soil Saturated Soil el Saturated Soil

75,828 73,670 101,881 94,448
31,559 30,471 105,523 96,722
6,644 6,580 47,996 44,065
1,931 10,093 25,152 50,802

Source: DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, 0-18-02), Tables 12-3.
Note: Numbers for permanent residents occupying buildings in the “None” damage state are not included.

Recommendations from the report included topics within Planning, Recovery, Resiliency: Buildings,
Resiliency: Infrastructure Improvements, Resiliency: Essential and Critical Facilities, Enhanced
Emergency Management Tools, Database Improvements, Public Awareness, and Future Reports. The
recommendations of this study are largely incorporated within this NHMPs mitigation strategies
(Volume |, Section 3). For more detailed information on the report, the damage estimates, and the
recommendations see: Earthquake regional impact analysis for Clackamas, Multnomah, and
Washington Counties, Oregon (2018, 0-18-02).

2007 Rapid Visual Survey
As noted in the community profile approximately 76% of residential buildings were built prior to 1990
(74% are either pre-code or low code according to DOGAMI*?), which increases the county’s
vulnerability to the earthquake hazard.

In 2007, DOGAMI completed a rapid visual screening (RVS) of educational and emergency facilities in
communities across Oregon, as directed by the Oregon Legislature in Senate Bill 2 (2005). RVS is a
technique used by FEMA (FEMA P-154) to identify, inventory and rank buildings that are potentially
vulnerable to seismic events. DOGAMI ranked each building surveyed with a ‘low,” ‘moderate,” ‘high,” or
‘very high’ potential for collapse in the event of an earthquake. It is important to note that these
rankings represent a probability of collapse based on limited observed and analytical data and are
therefore approximate rankings. To fully assess a buildings potential for collapse, a more detailed
engineering study completed by a qualified professional is required, but the RVS study can help to
prioritize which buildings to survey.

42 DOGAMI, Earthquake regional impact analysis for Clackamas, Multnomah, and Washington Counties, Oregon (2018, 0-18-02), Tables 10-2
and 10-3.
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DOGAMI’s Rapid Visual Screening for Clackamas County listed 179 facilities in the unincorporated
County and incorporated cities. Information on specific public buildings’ (schools and public safety)
estimated seismic resistance is available on DOGAMI’s website:
http://www.oregongeology.org/rvs/default.htm
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Flood

Significant Changes Since : :
Flood Summary Praieusilsski Applicable Action Items

Content updated per 44 CFR Priority:

201.6(c)(2). MH #1, MH #8,
NFIP content updated FL#1, FL#2, FL #3, FL #5, FL #6

Hazard Ranking: 7

Total Threat Score: 122
A section on Future

Probability: High Projections added. Other:
’ MH #5, MH #7,

Quantitative risk assessment
FL #4, FL #7

Vulnerability: Moderate 2dded (DOGAMI Risk Report).

Characteristics

Flooding results when rain and snowmelt create water flow that exceeds the carrying capacity of rivers,
streams, channels, ditches and other watercourses. In Oregon, flooding is most common from October
through April when storms from the Pacific Ocean bring intense rainfall. Most of Oregon’s destructive
natural disasters have been floods.*?

The flood events in Clackamas County usually occur when storms move in from the Pacific, dropping
heavy precipitation into the Willamette valley; flooding is most significant during rain-on-snow events.
Flooding in the valley becomes a problem when human activities infringe on the natural floodplain.

Two types of flooding primarily affect Clackamas County: riverine flooding and urban flooding. Channel
migration and bank erosion also occurs along the Sandy River. In addition, any low-lying area has the
potential to flood. The flooding of developed areas may occur when the amount of water generated
from rainfall and runoff exceeds a storm water system's (ditch or sewer) capability to remove it.

Riverine Flooding
Riverine flooding is the overbank flooding of rivers and streams. The natural processes of riverine
flooding add sediment and nutrients to fertile floodplain areas. Flooding in large river systems typically
results from large-scale weather systems that generate prolonged rainfall over a wide geographic area,
causing flooding in hundreds of smaller streams, which then drain into the major rivers. Figure 2-8
shows the various river basins in Clackamas County.

Shallow area flooding is a special type of riverine flooding. FEMA defines shallow flood hazards as areas
that are inundated by the 100-year flood with flood depths of only one to three feet. These areas are
generally flooded by low velocity sheet flows of water.

Urban Flooding
As land is converted from fields or woodlands to roads and parking lots, it loses its ability to absorb
rainfall. Urbanization of a watershed changes the hydrologic systems of the basin. Heavy rainfall collects
and flows faster on impervious concrete and asphalt surfaces. The water moves from the clouds, to the

43 Taylor, George H. and Chris Hannan. The Oregon Weather Book. Grants Pass, OR: Oregon State University Press. 1999
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ground, and into streams at a much faster rate in urban areas. Adding these elements to the
hydrological systems can result in floodwaters that rise very rapidly and peak with violent force.

Almost one-eighth of the area in Clackamas County is incorporated and has a high concentration of
impermeable surfaces that either collect water or concentrate the flow of water in unnatural channels.
During periods of urban flooding, streets can become swift moving rivers and basements can fill with
water. Storm drains often back up with vegetative debris causing additional, localized flooding.

Channel Migration and Bank Erosion
Following the 2011 flood on the Sandy River, County staff began to emphasize the different nature of
the flood hazard in the upper reaches of the river, as that of bank erosion due to channel migration. The
upper Sandy may not have to reach flood stage to
achieve a level of flow capable of mobilizing
sediments and impounding gravel and woody
debris in the channel. These impoundments can
redirect the main channel into the bank and cause
failures that exacerbate further erosion
downstream. DOGAMI has extensively mapped
the channel migration zone (see reports cited at
the end of this section for more information).

Location and Extent

Because Clackamas County spans a wide range of
climatic and geologic regions, there is considerable
variation in precipitation, with elevation being the
largest factor in precipitation totals. Moving east from Oregon City at 55 feet above sea level to Mt
Hood at 11,235 feet above sea level, annual precipitation averages range from 47 inches to over 125
inches, respectively. This change in elevation causes a significant increase in precipitation, in the form of
both rain and snow. Although the majority of the county enjoys a fairly mild winter, with less than 5-10
inches of snow per year, the higher elevations surrounding Mt. Hood are covered with snow for the
majority of the winter months, as well as Mt. Hood’s snowmelt provides a continuous water source
throughout the year and can be a major contributor to high waters. These are primary concerns when
dealing with potential flood events.

Sandy River Channel Migration Damage
January 16, 2011

Source: Oregonian

Flooding is most common from October through April, when storms from the Pacific Ocean, 60 miles
away, bring intense rainfall to the area.* During the rainy season, monthly rainfall totals average far
higher than other months of the year. This results in high water, particularly in December and January.
The larger floods are the result of heavy rains of two-day to five-day durations augmented by snowmelt
at a time when the soil is near saturation from previous rains. Frozen topsoil also contributes to the
frequency of floods.*

A large portion of Clackamas County’s area lies in the lower Willamette River basin. The broad
floodplain of the valley can be easily inundated by floodwaters. The surface material includes poorly
drained, unconsolidated, fine-grained deposits of Willamette silt, sand, and gravel. Torrential flood

44 Interagency Hazard Mitigation Team, State Hazard Mitigation Plan (2000) Oregon Office of Emergency Management.
4> Taylor, George H., Hannan, Chris, The Climate of Oregon (1999). Oregon State University Press. Corvallis, Oregon.
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events can introduce large deposits of sand and gravel that assist in the drainage of the otherwise
poorly drained soils.*

After the January 2009 flood event on South
Creek Road along Abernethy Creek, Clackamas
County sponsored an inquiry to FEMA into
mapping errors for transitioning the 1978 FIRM
into DFIRM and argued that the original FIRM
Approximate A Zone polygon was incorrectly
registered that at least two properties in the
Approximate A Zone were now outside of the
flood zone, even Abernethy Creek itself.
Following the 2009 flood event, the County
petitioned FEMA for reconsideration and
eventually submitted an inquiry through Sandy River Flooding — January 16, 2011
Senator Wyden's office to the Mitigation Source: Clackamas County Disaster Managemert
Directorate at FEMA Headquarters, but the

request was denied. FEMA determined the SFHA mapping error was the responsibility of the county to
identify during the review period. Table 15 lists the locations of known chronic flooding problems in
Clackamas County.

Table 15 Locations of Identified Chronic Flooding Problems

Tranquality Lane Clackamas River Road
Paradise Park Clackamas River Open Space
Welches Salmon River Unincorporated community
Lolo Pass Sandy River Road
Timerline Rim Sandy River Housing development
Dickie Prairie Road Molalla River Road
Feyrer Park/Shady Dell Molalla River Open space and housing development
Alder Creek Area Alder Creek Open space
Canby Pudding River City
Dogwood . :
Tualatin River City

Drive/Rivergrove
) Confluence of Willamette River and )
Oregon City i City
Clackamas River
Johnson Creek Basin Johnson Creek Basin

Abernethy Creek Basis  Abernethy Creek Basin

Source: Clackamas County Disaster Management

Additionally, floods are described in terms of their extent (including the horizontal area affected and the
vertical depth of floodwaters) and the related probability of an occurrence. Flood studies often use
historical records, such as streamflow gages, to determine the probability of occurrence for floods of

46 Geologic Hazards of the Bull Run Watershed Multnomah and Clackamas Counties, Oregon. DOGAMI. Bulletin 82. 1974
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different magnitudes. The probability of occurrence is expressed in percentages as the chance of a flood
of a specific extent occurring in any given year.

The magnitude of flood used as the standard for floodplain management in the United States is a flood
having a one percent probability of occurrence in any given year. This flood is also known as the 100-
year flood or base flood. The most readily available source of information regarding the 100-year flood
is the system of Flood Insurance Rate Maps (FIRMs) prepared by FEMA. These maps are used to support
the National Flood Insurance Program (NFIP). The FIRMs show 100-year floodplain boundaries for
identified flood hazards. These areas are also referred to as Special Flood Hazard Areas (SFHAs) and are
the basis for flood insurance and floodplain management requirements. Figure 8 provides an overview
of the flood zones and extent in Clackamas County and Volume lll, Appendix E includes maps showing
average precipitation (Map 2), FEMA floodplains (Map 3), and river sub-basins (Map 4).

Figure 8 FEMA Flood Zones
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Source: Oregon HazVu: Statewide Geohazards Viewer — To view map in more detail click hyperlink to left.

For detailed information, refer to the following Flood Insurance Study (FIS) and associated Flood
Insurance Rate Maps (FIRMs):

e (Clackamas County FIS (2019) - Volume 1 of 3

e (Clackamas County FIS (2019) - Volume 2 of 3

e (Clackamas County FIS (2019) - Volume 3 of 3

Conventional FIRMs (flood hazard maps) show existing floodplain information. However, in some areas
bank erosion causes river channels to migrate, sometimes even in the absence of a flood event.
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To address this concern DOGAMI has contributed a Channel Migration Zone mapping study for the
Sandy River and generated LiDAR-based maps for the Sandy Basin and other flood-prone areas of the
County. Figure 9 provides an example map and legend from the report. More information on the report
is found below in the vulnerability section. The resulting channel migration zone and subzones
represents the likely hazard area over the next 100 years. According to DOGAMI, “[t]he channel
migration hazard map should be used as a guide for local governments, land owners, and infrastructure
managers to identify assets potentially at risk and to develop effective mitigation measures”.*’

Figure 9 Channel
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Migration hazard map for Timberline Rim Area
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Channel Migration Zone (CMZ) — is composed of four subzones within the geologic
flood plain (Rapp and Abbe, 2003). These zones include:

Avulsion Hazard Zone (AHZ) — areas potentially at risk from avulsion

Historical Migration Zone (HMZ) — the collective area occupied by the
channel during the period 1955 to 2009.

(catastrophic development of a new channel or reoccupation of an abandoned
channel).

Erosion Hazard Area (EHA) — the area outside the HMZ that is at risk of
bank erosion from channel migration during the next 100 years.

~ Disconnected Migration Area (DMA) — the portion of the CMZ where
man-made structures physically eliminate channel migration.

® Geologic Floodplain — the area adjacent to a stream or river that has been oceupied by
and shaped by that river during the past 10,000 to 100,000 years.

7777/, Sandy River Channel (2009) — the position of the channel in 2009 (shown as a blue
zone within the HMZ),
Vs )

BT Elevation Contour - 100-foot interval contours.
4~ River Mile — distance in miles upstream from the river mouth.
= Structural Asset At Risk — structure that falls within the CMZ.

Road Asset At Risk — road that falls within the CMZ.

Source: DOGAMI, Open-File Report

A N

0-11-13, Plate 10 (superseded by 0-13-10).

To refine the data provided by DOGAMI Clackamas County contracted with Natural Systems Design to

conduct a Flood Erosion Hazard Mitigation Evaluation for the Upper Sandy River (NSD evaluation). The
NSD evaluation was completed in 2015 and was funded through the Hazard Mitigation Grant Program

(HMGP) for DR-1956.¢ The NSD evaluation project area (Figure 10) is limited to a 10-mile reach of the

Sandy River extending from River Mile 37.4 (just above the Salmon River confluence) to River Mile 47.5
(just above the Lost Creek confluence).

47 DOGAMI, Open-File Report 0-13-10, Channel migration hazard data and maps for the Sandy River, Multnomah and Clackamas Counties,
Oregon. John T. English, Daniel E. Coe, and Robert D. Chappell.
48 Natural Systems Design, Flood Erosion Hazard Mitigation Evaluation: Upper Sandy River, March 25, 2015.
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The NSD evaluation’s map update recommendations include: (1) expanding the historic migration zone
(HMZ) to account for a broader corridor of channel occupancy over the historical record, (2) adding
additional avulsion pathways to the avulsion hazard zone (AHZ), increasing the setback from the AHZ to
limit future erosion hazards, and (4) removing some areas noted as disconnected migration areas (DMA)
which may be at risk to erosion (e.g., areas blocked by roads). The NSD evaluation created an adjusted
channel migration zone (CMZ) that averages 2,000 feet wide throughout the project area (Figure 11).

Figure 11 NSD Hazard and Risk Maps
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Source: Natural Systems Design, Flood Erosion Hazard Mitigation Evaluation: Upper Sandy River, March 25, 2015.

Clackamas County NHMP: Risk Assessment Page | 2-34


https://dochub.clackamas.us/documents/drupal/3a3edd48-294d-48ee-91ab-ebdb46794f4e
https://dochub.clackamas.us/documents/drupal/3a3edd48-294d-48ee-91ab-ebdb46794f4e

The NSD evaluation promotes the use of restorative erosion protection measures which take advantage
of natural processes to decrease erosive forces while also benefitting fish and wildlife. Restorative
measures must: (1) provide the river with sufficient space within an established River Management
Corridor (RMC), (2) dissipate the river’s energy as it approaches the margins of the RMC by splitting the
main channel into smaller side channels, and (3) establish a line of defense at the RMC through the use
of restorative bank protection measures (rough and complex) that dissipate energy, protect the bank,
and enhance fish habitat.31 A list of high risk erosion hazard sites is provided in NSD evaluation Table 5
that may be used as a resource when evaluating which sites to prioritize in future mitigation efforts
along the Sandy River. An example bank projection strategy is provided in Figure 12.

For more information review the NSD evaluation:
https://dochub.clackamas.us/documents/drupal/e5a6ebef-f7be-4bcd-8f0f-48d33d537afd

Figure 12 Example Bank Projectiona Strategy
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More information on restorative flood protection measures can be found in the FEMA publication:
Engineering with Nature: Alternative Techniques to Riprap Bank Stabilization.

Additional reports are available via FEMA’s Flood Map Service Center website:

https://msc.fema.gov/portal

Refer to the following DOGAMI reports for additional information:

e  Multi-Hazard Risk Report for the Clackamas County, Oregon: Including the cities of Barlow,
Canby, Estacada, Gladstone, Happy Valley, Johnson City, Lake Oswego, Milwaukie, Molalla,
Oregon City, Rivergrove, Sandy,West Linn, and Wilsonville and the unincorporated communities
of Molalla Prairie, Mulino Hamlet, Stafford Hamlet, and The Villages at Mt Hood (2024, XXXX).
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e Multi-Hazard Risk Report for the Lower Columbia-Sandy Watershed, Oregon: Including the cities
of Gresham, Sandy, and Troutdale and Unincorporated Communities of Government Camp and
The Villages at Mt Hood (2018, IMS-59).

e Statewide subbasin-level channel migration screening (2017, IMS-56).

e Channel migration zone study of Sandy River (2013, O-13-10). Portions superseded by the
Multi-Hazard Risk Report for the Lower Columbia-Sandy Watershed.

e Multi-Hazard and Risk Study for the Mount Hood Region (Earthquake, Flood and Channel
Migration, Landslide, Volcano) (2011, O-11-16). Portions of the flood and channel migration
section superseded by the Multi-Hazard Risk Report for the Lower Columbia-Sandy Watershed.

e Channel migration hazard maps for the Sandy River, Multnomah and Clackamas counties,
Oregon (2011, 0-11-12). Superseded by 0-13-10.

Additional reports are available via DOGAMI’s Publications Search website:

https://www.oregon.gov/dogami/pubs/Pages/pubsearch.aspx

Other agency/ consultant reports:

e Natural Systems Design, Flood Erosion Hazard Mitigation Evaluation: Upper Sandy River, March
25, 2015.

e Channel Migration Zone Hazard Maps (Risk Hazard Mapbook)

e Mathie, A.M., and Wood, N., 2013, Residential and service-population exposure to multiple
natural hazards in the Mount Hood region of Clackamas County, Oregon: U.S. Geological Survey
Open-File Report 2013—-1073, available at http://pubs.usgs.gov/of/2013/1073/.

History

Clackamas County has many rivers and small tributaries in both unincorporated and incorporated areas
that are susceptible to flooding. Major floods have affected the citizens of the county since as early as
1861, when it was reported that the streets of Oregon City were inundated with about four feet of
Willamette overbank flow. Although the 1996 floods were devastating to the entire region, the floods of
1861, 1890, and 1964 were larger. All four floods have been estimated to exceed the 100-year or base
flood. Since the previous 2019 version of the NHMP there have no presidentially declared flood disaster
events in Clackamas County, however, there have been seven significant flood events: 2012, 2014,
2015, 2016-2017, 2019, 2020, and 2021.

Probability Assessment

Based on the available data and research the HMAC determined the probability of experiencing a flood
is “high”, meaning one incident is likely within the next 10 to 35-year period This rating has not changed
since the previous NHMP.

Flooding can occur every year depending on rainfall, snowmelt or how runoff from development
impacts streams and rivers. FEMA has mapped the 100 and 500-year floodplains in portions of
Clackamas County (see referenced 2008 FIS for more information; preliminary maps are available for
the Sandy River, 2018). This corresponds to a 1% and 0.2% chance of a certain magnitude flood in any
given year. The 100-year flood is the benchmark upon which the National Flood Insurance Program
(NFIP) is based.
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Future Projections 4220

According to the Oregon Climate Change Research Institute “Future Climate Projections, Clackamas
County,”winter flood risk at mid- to low elevations in Clackamas County, where temperatures are near
freezing during winter and precipitation is a mix of rain and snow, is projected to increase as winter
temperatures increase. The temperature increase will lead to an increase in the percentage of
precipitation falling as rain rather than snow. The projected increases in total precipitation, and in rain
relative to snow, likely will increase flood magnitudes in the region. Vulnerable populations adjacent to
floodways (including the unhoused, manufactured home communities, and campground occupants) will
be more at risk as the winter flood risk increases.

Climate change will be an influencing factor for future flood probabilities. Long-term modeling suggests
increases in annual average temperatures may translate in the Pacific Northwest to less total
accumulated snow pack and faster storm runoff. This could mean flashier flood events for upper
watersheds and the need for greater attention to storm water management in floodplains.

Additionally, while average monthly flows do not translate directly to flood risk because floods occur
over shorter periods of time, the increases in monthly flow may result in increases in flood likelihood,
particularly if increases are projected to occur during months in which flood occurrence historically has
been high.

Clackamas County development regulations restrict, but do not prohibit, new development in areas
identified as floodplain. This reduces the impact of flooding on future buildings. The County floodplain
regulations in unincorporated areas are the same inside and outside of UGBs. Some areas that are
mapped as Habitat Conservation Area by Metro include floodplain. In those locations, there is an
additional hurdle for development that may result in diverting some development to areas outside a
floodplain. The HCA standards apply inside the Metro service district boundary, which is not
coterminous with the UGB.

As new land has been brought into the regional Urban Growth Boundary, the applicable development
codes have been applied to prevent the siting of new structures in flood prone areas.s

For mitigation planning purposes, it is important to recognize that flood risk for a community is not
limited only to areas of mapped floodplains. Other portions of the county outside of the mapped
floodplains may also be at relatively high risk from over bank flooding from streams too small to be
mapped by FEMA, from channel migration, or from local storm water drainage.

Vulnerability Assessment

The HMAC rated the county as having a “moderate” vulnerability to flood hazards, meaning that
between 1-10% of the unincorporated County’s population or assets would be affected by a major flood
event. This rating has not changed since the previous NHMP.

A floodplain vulnerability assessment combines the floodplain boundary, generated through hazard
identification, with an inventory of the property within the floodplain. Understanding the population
and property exposed to natural hazards will assist in reducing risk and preventing loss from future
events.

49 Oregon Climate Change Research Institute (OCCRI), 6" Oregon Climate Assessment Report (2023).
https://blogs.oregonstate.edu/occri/oregon-climate-assessments/
%0 Oregon Climate Change Research Institute, Future Climate Projections, Clackamas County, Oregon. February 2023.
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The amount of property in the floodplain, as well as the type and value of structures on those
properties, is calculated to provide a working estimate for potential flood losses.

Inter-Hazard Impact and Outcomes - Flood®'

As the primary natural hazard, a.k.a “the cause”, flood has both direct and indirect impacts on several
other hazards, a.k.a. “the effect”, and as a climate hazard, its impacts are further exacerbated by the
effects of climate change.

e landslide — Both: Flood can both indirectly and directly impact landslides. Directly, flooding can
lead to landslides due to the presence of rapidly moving floodwater, which can lead to
undercutting slopes and riverbanks. Indirectly, due to the excess water from flooding, rock and
soil can become weakened by becoming over saturated from heavy rain, leading to greater risk of
landslides to occur in the future. Flood conditions can elevate water tables and increase pressure
on landslide slip planes.

Natural Hazard Risk Reports for Clackamas County

The Risk Reports (DOGAMI, 0-20-06) and DOGAMI, 0-24-XX) provide hazard analysis summary tables
that identify populations and property within the Lower Columbia-Sandy River Watershed Study Area
and countywide that are vulnerable to the flood and channel migration hazards. Volume lll, Appendix D
provide Community Risk Profiles for the unincorporated area of Clackamas County.

According to the Risk Reports the following population and property within the study area may be
impacted by the profiled events (where data is provided in both reports the newer data is presented
below):

Unincorporated Clackamas County>

Flood: 713 buildings are located within the 1% Annual Flood Chance zone (O critical facilities) for a total
potential loss of $53.3 million (a loss ratio of 0.1%). In addition, 1,532 residents may be displaced (about
1% of the population).

Channel Migration: 99 buildings are exposed to channel migration (O critical facilities) with a total
buidling value of $35.8 million (exposure ratio of 0.1%). In addition, 279 residents may be displaced
(about 0.2% of the population).

Government Camp®?

Flood: 15 buildings are located within the 1% Annual Flood Chance zone (O critical facilities) for a total
potential loss of $177,000 (a loss ratio of 2%). In addition, four (4) residents may be displaced (about
0.3% of the population).

Channel Migration: There is no exposure to this hazard witih this community.

Molalla Prairie>

51 Department of Natural Resources — Geological & Geophysical Surveys, Flooding & Landslides

52 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-1.
53 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-3.
54 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-5.
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Flood: 38 buildings are located within the 1% Annual Flood Chance zone (O critical facilities) for a total
potential loss of $471,000 (a loss ratio of < 1%). In addition, 41residents may be displaced (about 1% of
the population).

Channel Migration: There is no exposure to this hazard witih this community.

Mulino Hamlet>®

Flood: 167 buildings are located within the 1% Annual Flood Chance zone (0O critical facilities) for a total
potential loss of $12.1 million (a loss ratio of 2.1%). In addition, 194residents may be displaced (about
7% of the population).

Channel Migration: There is no exposure to this hazard witih this community.

Stafford Hamlet>®

Flood: 40 buildings are located within the 1% Annual Flood Chance zone (O critical facilities) for a total
potential loss of $3.5 million (a loss ratio of 0.6%). In addition, 106 residents may be displaced (about
3.4% of the population).

Channel Migration: There is no exposure to this hazard witih this community.

The Villages at Mt. Hood®’

Flood: 117 buildings are located within the 1% Annual Flood Chance zone (O critical facilities) for a total
potential loss of $3.7 million (a loss ratio of 0.3%). In addition, 338 residents may be displaced (about
3.9% of the population).

Channel Migration: 1,117 buildings are exposed to channel migration (O critical facilities) with a total
buidling value of $384.8 million (exposure ratio of 30%). In addition, 3,003 residents may be displaced
(about 35% of the population).

Floodplain Management Plan (Activity 510)

The NHMP functions as, among other things, the County’s Floodplain Management Plan so that the
County receives credit for, and maintains compliance with, its membership within the National Flood
Insurance Program (NFIP) Community Rating System (CRS), which recognizes jurisdictions for
participating in floodplain management practices that exceed NFIP minimum requirements. The County
was admitted into the CRS program in April 2004 and received a rating of Class 5, becoming the highest
rated jurisdiction in Oregon and one of only 23 nationally. Currently, the County’s participation in the
CRS is rescinded and the County does not receive a discount in flood insurance premiums for residents
of unincorporated Clackamas County in a special flood hazard zone.

Below are several CRS related activities that the 2018 NHMP documents for credit under the Activity
510 — Floodplain Management Plan:

55 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-7.
%6 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-9.
57 DOGAMI, Multi-Hazard Risk Report for Clackamas County, Oregon (September 2023 Draft), Table A-11.
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National Flood Insurance Program (NFIP)

In 1968, Congress passed the National Flood Insurance Act in 1968, which was meant to provide
subsidized insurance rates to people with homes that did not meet minimum standards but were built
before FEMA's new flood mapping existed. The NFIP was established as it was identified there was a
need for: “(1) a program of flood insurance [that] can promote the public interest by providing
appropriate protection against the perils of flood losses and encouraging sound land use by minimizing
exposure of property to flood losses; and (2) [establishing] objectives of a flood insurance program
[that] should be integrally related to a unified national program for floodplain management.” The Flood
Insurance Act is administered and managed through the National Flood Insurance Program, (NFIP). The
NFIP is a voluntary program that is based upon cooperative agreements between the federal
government and local participating communities. The NFIP enables eligible property owners to purchase
flood insurance and helps to provide an insurance alternative to the rising costs of federal flood disaster
relief.

Table 16 shows the initial and current FIRM effective dates for Clackamas County communities.
However, after years of massive storms such as Hurricanes Katrina and Sandy, NFIP is out of money and
deeply in debt. In order to help the program become solvent and build a reserve fund, federal
legislation approved in 2012 requires that flood insurance rates reflect the flood risk of the property.
FEMA implemented the Flood Insurance Study (FIS) and Flood Insurance Rate Maps (FIRMs) in 2008
(effective June 17, 2008). In turn, while some people with flood insurance saw an increase because their
rates already reflect their flood risk, others had to pay significantly more based on their actual flood risk.
Triggers for rate changes include policy lapses, map changes and property purchases.

Table 16 Community Flood Map History

Intial FIRM Current FIRM

Clackamas County March 1, 1978 January 18,2019
Barlow May 5, 1981 June 17, 2008
Canby June 15, 1981 June 17, 2008
Damascus March 1, 1978 June 17, 2008
Estacada June 17, 2008 June 17, 2008
Gladstone March 15, 1977 June 17, 2008
Happy Valley December 4, 1979 June 17, 2008
Lake Oswego August 4, 1987 June 17, 2008
Milwaukie June 18, 1980 June 17, 2008
Molalla June 17,2008 June 17,2008
Oregon City December 15, 1980 June 17, 2008
Rivergrove August 4, 1987 June 17, 2008
Sandy December 11, 1979 January 18, 2019
West Linn March 15, 1977 June 17, 2008
Wilsonville January 6, 1982 June 17, 2008

Source: Federal Emergency Management Agency, Community Status Book Report (2019)

As a NFIP member, Clackamas County regulates the development in its floodplains based on Federal
Emergency Management Agency (FEMA) standards. In turn, property owners must buy flood insurance
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for residences in the floodplain. By law, lending institutions require flood insurance for structures in a
floodplain and have the option to require it for other areas.

For Clackamas County, effective maps for portions of the County within the Lower Columbia-Sandy
River Watershed were released January 18, 2019. Clackamas County has an open Community Assistance
Visit (CAV) that was initiated January 11, 2017 and closed out on January 13, 2021.

Risk Analysis — NFIP Repetitive Loss Properties:

Clackamas County works to mitigate problems regarding flood issues when they arise, with particular
focus on areas in the county that more susceptible to flooding issues and have incurred repetitive
losses.

As per the NFIP, a Repetitive Loss Property is defined as any insurable building with two or more paid
flood insurance claims exceeding $1,000 within a ten-year period. A RL property may or may not be
currently insured by the NFIP.

A Severe Repetitive Loss property (SRL) is defined as having at least four (4) paid flood insurance claims
each exceeding $5,000, or when there are two (2) or more losses where the building payments exceed
the property value. Loss history is determined by counting all flood claims paid on an insured property,
regardless of any change(s) of ownership, since the building’s construction or back to 1978. States or
communities may sponsor projects to mitigate flood losses to these properties or may be able to
provide technical assistance on mitigation options.

RL and SRL properties are troublesome because they continue to expose lives and valuable property to
the flooding hazard. Additionally, continued repetitive loss claims from flood events lead to an increased
amount of damage caused by floods, higher insurance rates, and contribute to the rising cost of
taxpayer funded disaster relief for flood victims. Local governments as well as federal agencies such as
FEMA attempt to address losses through various methods, including structure elevation above base
flood elevation, structure relocation, vulnerable structure acquisition and demolishment, specifically for
those located in the Special Flood Hazard Area (SFHA), as well as flood insurance and drainage
improvement projects.

Table 17 provide information on the identified RL and SRL properties located in unincorporated
Clackamas County. As of February 2023, NFIP record identifies 45 RL properties in unincorporated
Clackamas County, with five (5) of those properties considered SRL. There have been 107 paid RL claims
totaling $2,894,970, with a total of $233,780 total paid loses for SRL properties. Seventeen (17) of the
RL/SRL properties are not insured as of February 2023. Only nine (9) of the properties are considered
mitigated. Figure 13 provides the general location of these properties.
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Table 17 Repetitive Loss and Severe Repetitve Loss Properties Detail

RL #
66560
73713
77503
80940
80944
81719
81787
82319
82361
82362
82375
82403
82407
82561
83268
83275
83280
83282
83289
83291
83295
83633
83762
84096
85839
85979
87930
87945
88843
88856
100596
100609
122625
161989
174193
184826
197989
212414
245219
245220
245528
245645
245816
245819
246401
Total

RL or SRL
Property
RL
RL
RL
SRL
RL
SRL
SRL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL
SRL
RL
RL
RL
RL
SRL
RL
RL
RL
RL
RL
RL
RL
RL
RL
RL

Occupancy
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
2-4 Family
Other Non-Residentia

Mitigated?
NO
YES
NO
NO
NO
NO
YES
NO
NO
NO
NO
YES
YES
NO
NO
YES
YES
NO
YES
NO
NO
YES
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Currently
NFIP
Insured?
SDF
YES
NO
SDF
NO
YES
YES
YES
SDF
SDF
YES
NO
YES
NO
NO
NO
YES
NO
NO
YES
YES
YES
NO
YES
YES
YES
YES
YES
NO
NO
YES
NO
NO
YES
SDF
YES
NO
YES
YES
YES
NO
NO
NO
YES
YES

Source: FEMA Region X, Regional Flood Insurance Liaison, email February 23, 2023.
SDF: Special Direct Facility.
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AE

AE

A04

AD4

AD4

A19
AD4

A19

AE
AE

AE

A07

AE

A0S
AE
AE
AE
AE

AE
AE

Paid
Claims Amount

1

2

3
3
2
2
2
4
2
2
2
2
2
2
2
2
3
3
3
2
2
2
2
2
2
2
2
2
2
3
2
2
2
3
2
6
3
2
3
2
2
2
2
2
3
3
0

7

Total Paid

$6,801
$132,435
$63,439
$39,933
$16,732
$11,501
$39,975
$17,494
$41,201
$44,728
$8,058
$75,028
$19,704
$84,976
$125,288
$57,635
$275,768
$52,708
$27,038
$43,196
$28,933
$95,093
$7,072
$8,949
$80,721
$84,648
$74,014
$90,040
$77,410
$18,418
$14,220
$30,066
$60,122
$11,961
$123,952
$46,901
$123,375
$37,585
$29,624
$11,832
$117,381
$15,123
$17,338
$234,197
$272,355
$2,894,970
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Implementing Flood Hazard Mitigation

Clackamas County works closely with OEM and FEMA to reduce flood losses and seeks to best utilize
federal mitigation grant funds to minimize future flood risk. With that said, Clackamas County has
demonstrated in the two most recent disaster their investment in flood mitigation actions through
prioritizing substantially damaged properties and repetitive loss properties when applying for flood
acquisition projects. The County considers these buyouts of flood prone properties to be the most cost
effective approach to reduce future flood losses for property owners, minimize future disaster-related
expenses to the community and provide savings to federal tax payers on a permenant reduction in flood

One of the best investments for implementing hazard mitigation is not only through projects but to
affect policy, such as land use planning and even long-term recovery planning. Following the 2011 flood
disaster, Clackamas County convened a standing group to address sustainable flood recovery on the
upper Sandy River. This group has begun addressing the interdepartmental roles and responsibilities in
transitioning from response activities to recovery phase.

The mitigation successes record indicates that 11 properties in unincorporated Clackamas County have
received some form of flood mitigation (buy out, elevation, relocation, etc.). See Mitigation Success in
the Plan Summary for more information on these properties.

DOGAMI completed a Channel Migration Study in 2013 (Open-File Report 0-13-10). County staff is
working with the Sandy River Basin Watershed Council’s “restorative flood response” outreach to
homeowners and associations on providing education about benefits from combining multiple goals of
enriching habitat, cost-effectiveness, elevated bank protection and equitable performance towards
neighboring properties.

The County reviewed the level of flood insured properties in the upper Sandy Basin and invested in
public outreach to encourage more Preferred Risk policies for residences outside of the Special Flood
Hazard Zone and that by having flood insurance, homeowners can also take advantage of the Flood
Mitigation Assistance Program for projects like acquisitions that do not require a disaster declaration.

Public outreach was employed several times since the January 2011 flood event to address public
concerns, present flood response and recovery operations status, discuss flood threat issues to property
owners and promote the purchase of flood insurance.

Urban Area Flood Mitigation

50th Anniversary recognition of the 1964 Christmas flood — Clackamas Willamette Rivers Confluence
In anticipation of the 2014 holiday season, Clackamas County began collecting images and interviews
from residents who directly experienced the 1964 Christmas flood. By focusing on personal photos and
accounts, the County used stories rather than agency reports to document how this flood event
affected people, neighborhoods and Clackamas history.

Post Flood Actions — December 2015

Clackamas County held a September 2016 community meeting for owners and tenants of flooded
homes to review the nature of the flood event, mitigation options with

HMGP funds and information resources from federal, state and county agencies and the North
Clackamas Urban Watersheds Council.
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An NFIP Repetitive Loss residential property along SE Rusk Road that flooded in 1996, 2009, and 2015 is
participating in the 2016 Flood Mitigation Assistance (FMA) program. The property was elevated in 2020

(FMA-PJ-10-OR-2016-003).

In October 2015 and November 2016, the County
organized two “Flood of Information” community
education events for urban flood hazards and winter
weather safety. Participants included the North
Clackamas Urban Watersheds Council, the Greater
Oregon City Watershed Council, the Oregon NFIP
Coordinator, the US Geological Survey’s Portland

Water Resources Office, the Cascades Region of the
American Red Cross and staff from multiple County
departments.

Surface Water Management — Water Environment

Services (WES)

WES administers sanitary sewer, surface water
management, and erosion control programs in urban
areas of Clackamas County.

Since 2012, WES has completed several in-stream
restoration projects, repaired many drainage issues,
rehabilitated some stormwater ponds, conducted
monitoring, and other storm system-related
maintenance. These restoration projects have been
done to improve physical habitat and water quality, as
well as to correct drainage/flow issues.

e Mt Scott Creek in North Clackamas Park: In-
stream restoration and invasive
control/native vegetation enhancement,
construction of an overlook deck. Completed

A

CLACHAMAS

If you own a home or business in

lllllllf'f'll]"H'-"i"'fil lackamas ( DUnty « . .
You May Need
FLOOD INSURANCE!

in partnership w/NCPRD, partial funding from Metro Nature in Neighborhoods Capital Grant

program and WES ratepayer fees.

o Happy Valley Park stream stabilization: Replaced a culvert with a bridge, repaired a headcut,
improved in-stream habitat in partnership w/City of Happy Valley. Funding by and WES

ratepayer fees.

e Cedar Way stream stabilization: Repaired a headcut and stabilized a stream along a walking
path in partnership w/City of Happy Valley. Funding from and WES ratepayer fees.

e Rock Creek Confluence project: in-stream restoration, invasive control/native vegetation
enhancement, construction of a shelter for use by environmental education program. Partnered
with Clackamas River Basin Council, partial funding from Metro Nature in Neighborhoods
Capital Grant program, The Nature Conservancy, OWEB, and WES ratepayer fees.

e Carli Creek constructed wetland and stream restoration: construction completed, including in-

stream restoration and constructed wetland that treats stormwater runoff from industrial
properties and gradually releases treated water back to Carli Creek. Partial funding from PGE’s

Clackamas Habitat Fund and WES ratepayer fees.
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Kellogg Creek Stream Gauge Installation — Water Environment Services (WES)

WES installed satellite communications at its lower Kellogg Creek flow monitoring station near
Milwaukie and partnered with NOAA to host the real-time data on its Advanced Hydrologic Prediction
Service website. This will not only serve for flood monitoring, but also provide needed stream flow data
for watershed planning. https://water.weather.gov/ahps2/hydrograph.php?wfo=PQR&gage=kcmo3

RiverHealth Stewardship Program — Water Environment Services (WES)
The RiverHealth Stewardship Program grants support a variety of watershed activities with the purpose
of enhancing water quality, restoring fish habitat, managing invasive species, organizing volunteer
events, and removing trash from waterways.

Since 2013, their RiverHealth Stewardship Program grants have funded over $1.3 million dollars to
support community groups, businesses, and property owners who want to improve the health of
watersheds within the surface water areas served by WES. The most recent funding cycle (FY 2022-
2023) supported 12 orgnizations with a combined total of $300,000 in grant funds.

Benefiting watersheds include Rock Creek, Kellogg Creek, Mt Scott Creek, Phillips Creek, Johnson Creek,
and the Clackamas River. The grants will also support the continued stewardship of previously restored
project sites, protecting District investments made in recent years.

Rural Area Flood Mitigation

Channel Migration Zone Hazards — Upper Sandy River

In January of 2011, Clackamas County experience a 25-year flood on the upper Sandy River with
destruction to three houses, severe damage to roads and bridges, and multiple properties that lost tens
of feet of streamside land —all to bank erosion. Since 2011, the County has worked to address an
emerging understanding of the basis for the hazard and risk as primarily channel migration on a steep
mountain river system and not traditional over-bank flooding. No hydrologic studies had been
conducted in the Upper Sandy basin and there was no scientifically based research to use for managing
erosion and property losses. Bank armoring using rip rap (rock armoring), permitted and unpermitted,
was the normal approach for property by property protection. This historical treatment demonstrated
clear evidence of many examples of unintended consequences of erosion along exposed neighboring
and downstream properties, often creating escalated armoring and negative impacts to habitat and
stream function.

US Army Corps of Engineers (USACE) Public Involvement Pilot Project

In 2013-14 the County was included in a dozen selected communities across the nation as pilot projects
for Public Involvement and conflict resolution around flood risk management. The County convened a
workgroup of representatives from upper Sandy River communities to consider options for short-term
flood recovery and future mitigation.

50th Anniversary recognition of the 1964 Christmas flood — Upper Sandy River Basin

During the 1964 Christmas floods, Clackamas County was the hardest hit area in Oregon and the upper
Sandy River communities were the hardest hit on the County, mostly from channel migration damage.
155 homes were destroyed with miles of washed out roads and the loss of numerous bridges. The
County used this historic anniversary to emphasize that 50 years later channel migration hazard is still a
threat and must be addressed in future policy decisions in planning for flood recovery and community
development (Figure 2-11).
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Three flood acquisitions due to CMZ damage

Clackamas County acquired three flood erosion-damaged residential properties following the 2011
upper Sandy River disaster declaration using HMGP funds (DR-1956-0OR). Channel migration during the
high-water event eroded approximately 40 feet of property at each location and undermined the
foundations making the residences uninhabitable. All three properties were acquired and transferred to
County ownership as open space.

Other flood mitigation assistance

Two repetitive loss properties along South Creek Road have received mitigation assistance against
future flood losses. Following the flood of January 2009 along Abernethy Creek, one used HMGP funds
to elevate at least eight feet above grade and three feet above the flood of record. The second property
was an HMGP flood acquisition along Abernethy Creek that is returning the property to permanent
open space in the floodplain. Clackamas County completed an additional two flood elevations: one
along the upper Sandy River in February 2008 using a Flood Mitigation Assistance Grant, and the other
along Abernethy Creek in March 2010 using the Hazard Mitigation Grant Program (HMGP).

Mitigation Success - Abernethy Creek elevation completed in March 2010 and
successfully tested on January 19, 2012,
Source: Clackamas County

HMGP 5% Flood Warning System installation, but continuing technical problems.

Following the 2011 flood event, the County sought a means to monitor the stream flows of the three
rivers in the upper Sandy Basin to better help provide status and warnings for communities at risk.
Improving on the existing three NWS staff gauges, we used HMGP 5% funds to install five new sonar-
based, solar powered sensors with radio communication on County-owned bridges (2 on the Sandy, 2
on the Salmon, and 1 on the Zig Zag Rivers). Unfortunately, due to mountainous terrain, extensive tree
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cover, and harsh winter weather conditions, these five stations have never performed to their expected
design capabilities. The County is pursuing upgrades to provide direct PGE power and fiber optic
communications using an HMGP 5327 grant (HMGP-FM5327-13, Upper Sandy River Flood Warning
System Improvements).

OPDR Channel Migration Zone hazard and risk public opinion survey
During the summer of 2016, the Oregon Partnership for Disaster Resilience (OPDR) used RiskMap
outreach funds from the FIRM update of the Sandy River Basin to design and conduct and a public
option survey to capture valuable data on community attitudes towards flood risk tolerance and
avoidance, preferences on flood mitigation, and the role of government on flood risk management. Out
of 3,000 surveys sent, we received approximately 300 responses, with mixed opinions on flood risk
management. Generally, the community has more support for maintaining existing levels of exposure
but is willing to have government place more restrictions on future development.

RiskMap Resilience Meeting for the Upper Sandy River Basin

As a concluding activity for the FIRM update in the Upper Sandy River basin, the County sponsored
FEMA'’s Resilience Meeting in October 2017 to review mitigation opportunities. This meeting was
attended by federal, state and local government officials as well as a panel of five community
representatives to highlight CMZ issues and express concerns related to homeowners, community
planning, or realtors. The County reviewed policy issues that emerged following the 2011 flood and
emphasized the strategies of the two following actions underway in 2018:

e US Army Corps Silver Jackets Project — Upper Sandy River Flood Risk Management Plan: The
County worked with the Corps’ Silver Jackets group to receive a two-year (FFY 2018-19) project
for flood risk management planning and community engagement. His effort building on the
2013-14 Public Involvement Pilot and the recommendations from the 2015 Natural Systems
Design erosion study.

e QOregon Solutions assistance with State policy for CMZ regulation: The County has been working
with Oregon Solutions since 2015 on a project assessment around CMZ polices and is currently
supporting Oregon Solutions and the Governor’s Resilience Policy Advisor on a statewide
examination of the need for CMZ polices and regulations for both property and habitat.

Clackamas County CRS Program Review

In 2009-10 the County requested the University of Oregon’s Partnership for Disaster Resilience to lead a
project to assess the feasibility and benefits of a more efficient, streamlined and integrated approach to
flood mitigation and flood plain management in the county. A 2011 report found that programmatic
improvements are expected to reduce the risk of damage to property and life resulting from flood;
establish better coordination of mitigation actions and activities across public, private and not-for-profit
entities; enhance and restore natural and constructed flood control functionality; and maximize the use
of limited resources.>® The County does not currently participate in CRS.

%8 OPDR, 2011, Clackamas County Community Rating System Program Review.
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Sandy River Basin Watershed Council (SRBWC) — Restorative Flood Response Community Handbook
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SRBWC Community Handbook — This 2016 handbook is based on the County's 2015 CMZ study
and is co-authored by the SRBWC and N30, The SRBWC isvery effective in engaging the public

on reach-based stream restoration projects through their non-regulatory role and hands-on
volunteer opportunities.

The SRBWC has become a vital partner in flood mitigation in the upper Sandy River Basin, due to their
work on what they call, “Restorative Flood Response.” This approach leverages bank stabilization, with

advanced bio engineering practices tailored for the Sandy River, to improve habitat, stream function,
and reduces flood risk.

Floodplain Reon ection Project — Columbia Land rus SRBC

Engineered Log Jam (ELI) — Construction of 3 ELIs, removal of 300 feet of post-1964 flood
levees and reconnection of 2,900 feet of side channel to provide refuge for salmonids, absorb
flood velocities, and redistribute storm flows across a broader floodplain. Photo: SREWC.
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Landslide

Landslide Summary i'i?f;i%gg:;ges Since Applicable Action Items

Hazard Ranking: 9 Content updated per 44 CFR Priority:
201.6(c)(2). MH #1
Total Threat Score: 112 .
A section on Future
Probability: High Projections added. Other:
Quantitative risk assessment ~ MH #5,
Vulnerability: Low added (DOGAMI Risk Report). LS #1, LS #2, LS #3, LS #4

Characteristics

A landslide is any detached mass of soil, rock, or debris that falls, slides or flows down a slope or a
stream channel. Landslides are classified according to the type and rate of movement and the type of
materials that are transported. In a landslide, two forces are at work: 1) the driving forces that cause the
material to move down slope, and 2) the friction forces and strength of materials that act to retard the
movement and stabilize the slope. When the driving forces exceed the resisting forces, a landslide
occurs.

Clackamas County is subject to landslides or debris flows (mudslides), especially in the Cascade Range in
the eastern portion of the county, which may affect buildings, roads and utilities.

Additionally, landslides often occur together with other natural hazards, thereby exacerbating
conditions, as described in Table 18.

Table 18 Natural Hazard Interacting with Landslide

Shaking due to earthquakes can trigger events ranging

from minor rock falls and topples to massive slides.

Intense or prolonged precipitation can heavily saturate

slopes, which can lead to landslides

Volcanoes commonly have landslides because they are

tall, steep, and weakened by the rise and eruption of

Volcano molten rock, and can be triggered by earthquakes
beneath or nearby the volcano or stem from explosive

Earthquake

Heavy Precipitation

eruptions.

Wildfires can remove vegetation from hillsides, creating
Wildfire what is known as "burn scars", which can significantly

increase runoff and landslide potential.
Additional: Dam Landslides into a reservoir can indirectly compromise
Failure dam safety and the integrity of the dam.

Source: Centers for Disease and Prevention, “Landslides and Mudslides”, Retrieved May 1, 2023
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Location and Extent

In many parts of Clackamas County, weathering and the decomposition of geologic materials produces
conditions conducive to landslides. Human activity has further exacerbated the landslide problem in
many parts of the county. A study conducted by Dr. Scott Burns at Portland State University found that
changes to the slope through cutting or filling increased the risk of landslides in 76% of the 701
inventoried landslides in the Metro region. The study documented 48 landslides that occurred in
Oregon City in February 1996 and found that only about half the slides were considered natural.>®

For Clackamas County, many high landslide potential areas are in hilly-forested areas (Figure 14).
Landslides in these areas may damage or destroy some timber and impact logging roads. Many of the
major highways in Clackamas County are at risk for landslides at one or more locations with a high
potential for road closures and damage to utility lines. Especially in the central-eastern portions of the
County, with a limited redundancy of road network, such road closures may isolate communities.
Additional maps can be found in Volume Ill, Appendix E: slop stability (Map 5), historic landslides (Map
6), and debris flows (Map 7).

Figure 14 Landslide Susceptibility Exposur
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Source: Oregon Partnership for Disaster Resilience. Oregon Department of Geology and Mineral Industries.
Note: To view detail click this link to access Oregon HazVu

More detailed landslide hazard assessment at specific locations requires a site-specific analysis of the
slope, soil/rock and groundwater characteristics at a specific site. Such assessments are often

%9 Burns, Burns, James, and Hinchke. Landslides in Portland, Oregon Metropolitan Area (resulting from Storm of 1996: Inventory, Map Data,
and Evaluation.)
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conducted prior to major development projects in areas with moderate to high landslide potential, to
evaluate the specific hazard at the development site.

Table 19 shows landslide susceptibility exposure for Clackamas County and the incorporated cities.
Approximately 45% of the county has high or very high landslide susceptibility exposure. These are
concentrated in areas of high slopes, and close to river valleys (Figure 14). In general cities within the
County have a lower landslide susceptibility exposure than does the unincorporated area of the County
(see Volume Il for more information on each city’s exposure). Note that even if a County or city has a
high percentage of area in a high or very high landslide exposure susceptibility zone, this does not mean
there is a high risk, because risk is the intersection of hazard and assets.

The severity or extent of landslides is typically a function of geology and the landslide triggering
mechanism. Rainfall initiated landslides tend to be smaller and earthquake induced landslides may be
very large. Even small slides can cause property damage, result in injuries or take lives.

Table 19 Landslide Susceptibility Exposure

Very High

Clackamas County 52,482,820,515 23.5% 31.1% 34.5% 10.9%
Canby 121,922,939 89.2% 9.0% 1.8% 0.0%
Estacada 62,896,341 59.8% 14.6% 22.9% 2.6%
Gladstone 69,974,152 70.8% 22.2% 4.6% 2.4%
Happy Valley 255,471,143 36.0% 48.6% 15.3% 0.2%
Johnson City 1,896,509 73.9% 23.2% 2.9% 0.0%
Lake Oswego 317,377,635 42.0% 43.6% 12.9% 1.5%
Milwaukie 137,561,959 64.5% 31.2% 4.3% 0.0%
Molalla 65,771,550