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EXECUTIVE SUMMARY

WHAT IS HAZARD MITIGATION?

Hazard mitigation is action that communities take before a disaster to reduce the potential for death,
injury, and property damage. It is about acting to reduce potential impacts when such action is most
effective: before a disaster strikes. The Mitigation Action Plan (MAP) identifies how natural hazard
events like floods, landslides, and earthquakes might affect the City of Portland; it lists actions that City
offices can take before a disaster to protect people, cntical infrastructure, and natural resources, and
ensure the continuation of services, livability, and economic stability for all Portlanders.

The MAP meets hazard mitigation planning requirements for funding eligibility under Federal
Emergency Management Agency (FEMA) grant programs. It also meets the floodplain management
planning requirements for FEMA’s Community Rating System.

UPDATING THE CITY OF PORTLAND PLAN

The MAP is the second comprehensive update to the City of Portland Natural Hazard Mitigation Plan
(NHMP), which was first developed in 2004. Since the development of the initial plan, the City has
made significant progress in its mitigation programs and activities. A 5-year progress report conducted
while developing the MAP determined that 75 percent of the 101 mitigation actions identified in the
2010 NHMP were initiated or completed during the plan’s performance period. The MAP builds on
those successes and enhances the 2010 NHMP in several ways:

* The public engagement strategy was significantly enhanced for development of the MAP,
starting with a 32-member steering committee with broad representation from City bureaus,
community groups, disability advocates, communities of color, subject-matter experts, and other
stakeholders. The steering committee had 10 formal meetings and attended two equity trainings
over the 18-month project.

* An equity lens was used throughout the planning process to ensure that the plan process and
outcomes benefit people who are most likely to suffer from a natural hazard event.

= The vision, mission and goals were refined to reflect changes in community prionties and to
enhance integration among community planning efforts. The vision is aligned with the City's
Comprehensive Plan mission.

* The plan addresses eight main hazards of concern, an emerging hazard of concern, and
several compounding factors relevant to adverse impacts from natural hazards.

* The nisk and vulnerability assessments for all hazards of concern were updated using best
available data and a more robust risk assessment platform.

= Significant revisions and enhancements were made to the action plan, including the
identification of implementation parameters aimed at enhancing transparency and
accountability.

* The updated strategy for implementing and maintaining the MAP includes a working group that
will meet annually over the plan’s performance period.
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The MAP shows a commitment to regional collaboration and resilience by establishing a linkage
procedure for special purpose districts in the City to formally link to the plan and establish their own
eligibility for federal grant funds.

PLAN DEVELOPMENT APPROACH

Development of the MAP relied on broad participation from many stakeholders. The plan development
strategy was designed to result in a plan that sets the stage for equitably reducing the adverse impacts
of natural hazards in the City through actions embraced by both elected officials and the people of
Portland. The process encompassed eight phases:

* Phase 1—COrganize resources and review the prior plan

* Phase 2—Update the risk assessment
Phase 3—Develop and implement a public engagement strategy
Phase 4—Update goals, objectives and actions
Phase 5—Review and update the plan maintenance strategy
Phase 6—Assemble the updated plan

* Phase T—Initiate and complete plan review and adoption

* Phase 8—Implement the approved, adopted plan.

Phases 2, 3, 4, 7 and 8 are described below; the MAP has information on all eight phases.

As the plan was developed, a simultaneous process assessed natural hazard risks for the City's Cnitical
Energy Infrastructure Hub along the Willamette River. Results of this study are incorporated into the
plan document as appropriate.

Update the Risk Assessment

Risk assessment is the process of measuring the potential loss of life, personal injury, economic injury,
and property damage resulting from natural hazards. The risk assessment was used to rank risk and to
gauge the potential impacts of each hazard of concern on the City. Risks were assessed for nine
geographic “reporting areas” to compare risk throughout the City. Based on the risk assessment,
hazards of concem were ranked for the risk they pose to Portland, as shown in Table ES-1. The
ranking is based on the probability of occurrence of a hazard and likely impacts in three categories:
impacts on people, impacts on property, and impacts on the local economy. The sections below
describe key components of the risk assessment for the MAP.

Table ES-1. Hazard Risk Ranking

Hazard Ranking

1 Severe weather High
2 Earthquake High
3 Landslide Medium
3 Wildfire Medium
4 Flood Medium
] Volcanic Activity Low
6 Dam Failure Low
7 Drought Low

a. Space weather was identified as an emerging hazard of concern but a full risk assessment was not conducted and, therefore, risk is
not ranked. This will be revisited at the next plan update.
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Hazard Identification and Profiling

Eight hazards of concem, and one emerging hazard of concern (space weather) were selected:

* Severe weather + Flood
= Earthquake . Vﬁll:a_nn
= Landslide « Dam failure
= Wildfire = Drought.

Assessment of the Impact of Hazards on Physical, Social and Economic Assets
The following are key findings for the five highest ranked hazards (see Table ES-1):

* Severe Weather—Since 1950, Portland has experienced at least 150 severe weather events,
including high winds, heavy snow and rain, and excessive heat. Climate change and El Nifio
weather patterns could change the severity and frequency of severe weather events. Older
buildings and utilities like power lines are more susceptible to damage from severe weather.
People who depend on electricity for life support or people without homes are likely to suffer
most from severe weather events.

» Earthquake—The Portland area has experienced numerous earthquakes in the past, ranging
from Magnitude 4.5 to 9.0. Portland is certain to expenience seismic events in the future. Many
of Portland’s buildings were built before seismic design requirements were included in building
codes, or before modern codes were adopted. Over 13,000 of Portland’s buildings are in areas
with high liquefaction susceptibility, and during a Cascadia Subduction Zone earthquake, nearly
6,000 people in Portland may be displaced from their homes.

* Landslide—Hundreds of landslides have occurred in Portland in the past 20 years, and the City
can expect many more in the future. Landslides are most likely on steep slopes when the
ground is saturated from rainfall or poor drainage. More than 89,000 people in Portland live in
landslide hazard areas, along with over $20 billion worth of buildings and contents.

* Wildfire—Portland is a wildland-urban interface community, meaning that its structures are near
or within natural areas than are prone to wildfire. Wildfire season is usually from June through
October, although climate change, increasing fuel load (including from invasive species), and
drought conditions may cause this to vary. In Portland, over 68,000 people are estimated to live
in wildfire hazard areas, and over 19,000 buildings. Over 96 percent of these buildings are
residential.

* Flood—Portland is at the confluence of two major rivers, and has many smaller creeks and
streams that flow within the city limits. The city is susceptible to flooding from the nvers and
streams, as well as urban flooding from overwhelmed or blocked storm drains and runoff from
impervious surfaces. There are 2 925 structures in the 1-percent-annual-chance flood hazard
area, and over 9,500 people who live in these areas. Only about half of the people who live in
the 1-percent-annual-chance flood hazard area have flood insurance. FEMA flood maps do not
take into account the residual risk for properties protected by a flood-control levee, so there may
be a misperception that the flood risk in these areas is zero.

Vulnerability ldentification

Vulnerability identification includes an assessment of social vulnerability using demographic indicators.
Vulnerability to natural hazards is affected by a person’s social and economic circumstances in
everyday life. People who lack access to resources and information are likely to suffer mostin a
disaster. The key vulnerability factors for this plan include: people under 15, people over 65, renter-
occupied housing, people of color, people with disabilities, and limited English-speaking households.
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Estimates of the Cost of Potential Damage

Some of the most costly scenanos include the following:

* A 0.2-percent-annual-chance flood (commonly referred to as a 500-year flood) could cause over
$19 billion in damage to structures and their contents.

= The Portland Hills Magnitude-6.5 Earthquake Scenario could cause $24 billion in damage to
structures and their contents.

Develop and Implement a Public Engagement Strategy

The public engagement strategy was developed through discussion with the steering committee, review
of best practices, interviews with community members, and input from experts contracted to assist with
development of the equity lens. The implemented strategy promotes effective cooperation between City
government and community organizations. It encouraged public participation during the MAP
development process and will facilitate continued engagement with residents after adoption of the MAP.
The following were key features of the strategy:

* An online platform for information sharing with the MAP steering committee and the public

« Stakeholder involvement through more than 50 in-person meetings or presentations and
countless phone calls and emails

* A public survey that received almost 3,000 responses

* Nine community workshops, attended by more than 175 participants, to learn about the public's
perception of risk and to identify existing efforts, possible partnerships, and recommended
actions

+ Five town hall events to answer questions and receive feedback on the draft plan during the
45-day public comment period.

Feedback received from the public engagement strategy was used throughout the plan process,
especially in action item identification and selection.

Update Goals, Objectives and Actions

Vision, Mission, Goals. and Objectives

The steering committee reviewed and updated the vision, mission and goals from the 2010 NHMP and
developed a set of objectives, as shown in Table ES-2. Goals were selected to support the vision and
mission. Objectives were selected that meet multiple goals. Actions were selected and prioritized in part
based the number of objectives each would help to accomplish.

Recommended Actions

The MAP’s action plan presents 161 mitigation actions to reduce losses from natural hazards. City of
Portland bureaus selected these actions from a variety of sources, including a mitigation best practices
catalog supplemented with steering committee and other stakeholder recommendations, the results of
the risk assessment and identified issues, public input, other plans and programs, the results of the
capability assessment, and actions identified in the 2010 NHMP.

TETRA TECH v



37242

The Mitigation Action Plan Executive Summary

Table ES-2. Vision, Mission, Goals, and Objectives
Vision Our desired future siate.

Portland is a prosperous, healthy, equitable and resilient city where everyone has access fo opporfunify and is
engaged in shaping decisions that affect their lives

Mission Whart we do, who we do it for, and how.

To equitably reduce risk and the adverse impacts of natural hazards by building community resilience through
collaborative, cost-effective acfions and strafegies.

Goals General guidelines thar explain what we want 1o achieve with the plan.

Protect life and reduce injuries.

Engage and build capacity for the whole community.

Minimize public and private property damage.

Protect, restore, and sustain natural systems.

Minimize the disruption of essential infrastructure and services.

Integrate mitigation strateqgies into existing plans and programs.

Prioritize mulii-objective actions that reduce risk to vulnerable communities.

L o

Objectives Broader than actions, but more specific than goals, objectives are specific enough 1o help
determine whether a proposed project or program would advance the values expressed in the
mission and vision. Objectives may also be thought of as ‘policies.” In the planning process,
objectives are used to define and prioritize actions.

+«  Sirengthen development codes and update land use designations to facilitate effective disaster risk reduction

*  Prevent or reduce mitigation-related disparities affecting under-served and under-represented communities
through plans, investments and engagement

*  Promote the use of natural systems to limit natural hazard related impacts

* Increase the resilience of high-risk and critical infrastructure through monitoring, planning, maintenance,
investment, adaptive technology, and continuity planning

*  Coordinate land use plans and public facility investments between City bureaus, other public and junsdictional
agencies, businesses, community partners, and other emergency response providers

*  Support community outreach activities that increase stakeholder awareness and understanding of hazard risk,
mitigation options, and preparedness strategies

*  |deniify and seek various funding opporiunities for mitigation activities and look for ways fo leverage existing
funds

*  Seek opportunities in which hazard mitigation also benefits other community goals

*  Collect data to track progress on meeting mitigation goals.

*  Use the best available data, science and technologies to improve understanding of the location and potential
impacts of natural hazards, the vulnerability of building types and community development pattemns, and the
measures needed to protect life safety.

*  Reftrofit, purchase, or relocate structures in high hazard areas, especially those known to be repetitively
damaged.

*  Promote, incentivize and support the mitigation of private property.

*  Improve systems that provide waming and emergency communications.

*  Promote mutual information exchange and incorporate existing community networks in the identification and
implementation of mitigation actions.

*  Build City staff and community capacity to ensure effective implementation and equitable outcomes of mitigation
action efforts

*  Develop plans to reduce immediate impacts of natural hazard events, and to facilitate rapid and effective social
and economic recovery.

Action Evaluation and Pricritization
Several steps were carmried out to evaluate each action recommended in the MAP:
= An equity analysis screening was performed.

* Implementation information was identified, such as lead agency and timeline.
* A qualitative benefit/cost review was conducted.
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Based on these analyses, multiple priority rankings were assigned to each action:

* Each action was rated high, medium or low for implementation, based on the benefit/cost ratio
and funding availability

= Each action was rated high, medium or low for grant pursuit, based on grant eligibility and
expected benefits

= Actions were assigned an “E” rating if the target audience/beneficiary identified for the action is
one of the groups of focus for the assessment

Selected actions identified as high or medium implementation priority and supporting equity initiatives
are identified in Table ES-3.

Table ES-3. High and Medium-Priority Actions from the Mitigation Action Plan Matrix

Implementation
Action Number and Description Priority
PBEM-10—Work with Office of Neighborhood Involvement Disability Program Coordinator to promote participation High-E
in the Additional Needs Registry through the Public Alerts system.
PBEM-11— Support Bureau of Development Services in implementing recommendations from the City's Medium-E

Unreinforced Masonry Seismic Refrofit Project, including promoting and supporting policies for mandatory refrofits of
unreinforced masonry buildings. This action needs high-level support from City Council and Office of Government
Relations.

PBEM-12—Audit PBEM's surte of plans to evaluate whether plans meet the needs of people with disabiliies, people High-E
with language barners, and other access and functional needs populations. Develop a transition plan to update all

plans.

PBEM-23—Develop an emergency communications plan to distnbute emergency messages to immigrant and High-E
refuges communities in language-appropriate and culturally approprate ways.

BPS-1—Promote and fund energy independence projects in low-income neighborhoods and communities. High-E
BPS-2—Plan for solar + battery storage systems, which can serve as mini power-supply stations or provide High-E

residents the ability to shelter in place after any eleciricity supply-disrupting event, at varying scales (project,
neighborhood and district) and locations (cnfical City facilifies, low-income housing, community gathering spofs).

BPS-3—Encourage solar + battery storage demonstration projects at crfical City facilities, in low-income High-E
neighborhoods and in other strateqic locations.

BPS-1—Support 2075 Climate Action Plan and Climate Change Preparedness Sirategy actions that relate to High-E
adaptation planning and natural hazard mitigation actions.

BPS-10—Develop an emergency service plan for solid waste removal in multifamily properties after a disaster High-E
event.

OEHR-1 — Prior to and during implementation, review all actions for negative externaliies and to ensure vulnerable High-E

populations are protected from displacement or other disproportionate burdens.

Mote: PBEM = Porfland Bureau of Emergency Management; BPS = Bureau of Planning and Sustainability; OEHR = Office of Equity and
Human Rights

Initiate and Complete Plan Review and Adoption

The MAP was submitted to Oregon’s Office of Emergency Management, FEMA Region X, and the
Community Rating System contractor (Insurance Services Office, Inc.) for review and approval. The
MAF will be presented to and adopted by the City of Portland City Council.

Implement the Approved, Adopted Plan

Plan implementation will occur over the next five years as the lead agencies begin to implement the
actions identified in this plan. The Implementation and maintenance strategy developed by the steering
committee will guide this phase. This phase will be dependent on the commitment of all City bureaus,
elected officials and Portlanders to reducing risk from natural hazards.
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1. INTRODUCTION TO HAZARD MITIGATION PLANNING

1.1 ABOUT HAZARD MITIGATION

DEFINITIONS
+ Mitigation—Advance actions to reduce potential hazard
1 -1 -1 Wh ﬂt |5 It? effects or risk. Protections are already in place at the

- ; - time a hazard event occurs.
As the cost of disasters rises, communities

must find ways to reduce hazard risks. The * Preparedness—Advance aclions that strengthen the

capability of government, residents, and communities to

term “hazard mitigation” refers to actions that respond to disasters.

reduce or eliminate long-term risks caused by e I e e e Ty s (e
hazards such as earthquakes, floods, storms, stop a threatened or actual act of terrorism.

and v.!lldﬁres__ It involves strategies such as «  Recovery—A phase of emergency management in
planning, policy changes, programs, projects, which activities are camied out to restore essential
and other activities that can mitigate the services and repair damage caused by a hazard event.
impacts of hazards. These advance actions * Resilience—The capability to anticipate, prepare for,
reduce potential hazard effects or risk and are respond to, and recover from significant multi-hazard

threats with minimum damage to social well-being, the

already in place at the time of impact. Without
d}f P P economy, and the environment.

an investment in hazard mitigation, repeated
* Response—A phase of emergency management that

dlsas_te-_rs resu_It in repeated damage »;-md consists of immediate actions to save lives, protect
rebuilding. This recurrent reconstruction property and the environment and meet basic human
becomes more expensive as the years go by. needs.

Hazard mitigation breaks this costly cycle of
damage and reconstruction by taking a long-term view of rebuilding and recovering from disasters.

1.1.2 When Does it Apply?

The federal Disaster Mitigation Act (DMA) of 2000 requires state and local governments to develop
hazard mitigation plans as a condition for federal disaster grant assistance. The DMA emphasizes
planning for disasters before they occur. However, hazard mitigation is also essential to post-disaster
recovery. After disasters, repairs and reconstruction often just restore damaged property to pre-disaster
conditions. The implementation of additional hazard mitigation actions leads to building smarter, safer,
and more resilient communities that are better able to reduce future injunes and damage. The
Mitigation Action Plan (MAP) is the City of Portland’s natural hazard mitigation plan under the DMA.

1.1.3 Who Is Responsible?

The responsibility for hazard mitigation lies with private property owners, business and industry, and
local, state and federal governments. The Federal Emergency Management Agency (FEMA)
encourages multi-jurisdictional planning under its guidance for the DMA, urging state and local
authorities to work together. The planning network called for by the DMA helps local governments
articulate needs for mitigation, resulting in faster allocation of funds and more cost-effective risk
reduction projects. When feasible, multijurisdictional planning presents opportunities in the ability to
pool resources and eliminate redundant activities in a planning area that has uniform risk exposure.
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37242

The Mitigation Action Plan Introduction to Hazard Mitigation Planning

Because of these factors, the City of Portland developed the MAP at two levels. The base plan
addresses risk and vulnerability within city boundaries and identifies actions within the capabilities of
the City. In addition, the City has developed a procedure by which special purpose districts in the City
can formally link to the base plan—identifying risk and vulnerabilities to the assets they own and
manage and selecting mitigation actions to reduce these nisks. This linkage process (see Chapter 20)
will ensure that all eligible local governments within the City have the opportunity to establish eligibility
for grant funds while fostering collaboration among local governments and other local stakeholders.

1.1.4 How Is It Developed and Implemented?

The DMA promotes sustainability for disaster resistance. “Sustainable hazard mitigation” includes the
sound management of natural resources and the recognition that hazards and mitigation must be
understood in the largest possible social and economic context. Efforts to reduce risks should be
compatible with other community goals, which may be related to equity, economic development,
sustainability, public and environmental health, or other issues. As communities plan for new
development and improvements to existing infrastructure, mitigation should be an important
consideration.

1.1.5 How It Relates to Other Phases of Emergency Management

The main goal of hazard mitigation is to reduce the time that it takes to move through the emergency
management cycle and to recover from natural hazard events (see Figure 1-1) because proactive
measures have been put in place to reduce the amount of damage that occurs. As a result, planning for
hazard mitigation impacts all phases of emergency management.

Because of this, hazard mitigation often gets confused with hazard preparedness. It is important to
understand the difference between the two phases in order to understand the main focus of this plan,
which is mitigation. Mitigation plans do identify strategies and actions that impact other aspects of the
emergency management cycle. Increasing capabilities, for example, is a valid strategy for mitigation;
the capabilities may be related to preparedness or response or recovery. Figure 1-2 provides an
illustration of how mitigation and preparedness are different yet complementary.

1.2 HAZARD MITIGATION IN THE CITY OF PORTLAND

City of Portland bureaus manage city infrastructure, plan for long-term capital improvement and
community-level investments, and administer a wide variety of programs. These activities play a role in
the city’s resilience to natural hazards. There are many things that bureaus can do now as part of their
normal activities—or add to their portfolios when opportunities arise—to reduce Portland’s risk from
natural hazards over time and improve the City's ability to bounce back when natural hazard events do
happen. These projects and programs together contribute to Portland’s overall strategy for reducing its
risk from natural hazards.

By investing in mitigation projects, the City decreases the risk and consequently the cost of disaster. In
the event of a disaster, City response resources will be stretched. Through prior planning and
implementation of mitigation projects, the City can decrease the amount of damage to its assets and be
able to use resources for the greatest response and rebuilding needs. The intent of this plan is to
identify what can be done prior to disaster that will protect the most people, the most essential and
critical infrastructure and the most natural resources to enable the continuation of services, livability and
economic stability for all Portlanders.
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Five Phases of :
Emergency Management Prevention

Preparedness

Mote: The MAP focuses
on risk and vulnerability
to natural hazards, such
as floods and
earthquakes. Prevention — > Disaster
generally refers to
activities designed to

increase capabilities in

addressing man-made

hazards, such as Recovery Response
terrorism.

Figure 1-1. Five Phases of Emergency Management

Graphic by Danielle Butsick, PBEM

o
ESEM

Extra Inner Tube |

First Aid Kit

| Repair Toolset |

[ High-Visibility Lights

MITIGATION PREPAREDNESS
Pre-impact actions to reduce potential Pre-impact actions that provide the
hazard effects or risk. resources needed at the time of impact.
Protections are already in place at the Resources require post-impact action.
time of impact.

Figure 1-2. Mitigation and Preparedness Examples
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The Mitigation Action Plan is the second
comprehensive update to the City of Portland Natural
Hazard Mitigation Plan (NHMP), which was first
developed in 2004. This update identifies resources,
information, and strategies for reducing risk from
natural hazards. Elements and strategies in the plan
were selected because they best meet the needs of
Portland’s bureaus and residents, and they also
satisfy FEMA program requirements. The MAP will
help guide and coordinate mitigation activities
throughout the city. The main purpose of this
planning effort was to identify risks posed by hazards
and to develop strategies to reduce the impact of
hazard events on people and property in the City of
Portland; however, the plan was also developed to
meet the following objectives:

* Incorporate Portland’s equity goals into
hazard mitigation planning to emphasize
natural hazard risk reduction for Portland’'s
most vulnerable residents.

* Involve people in Portland who represent
communities of color, people with disabilities,
senior citizens, and other groups who are
potentially more vulnerable to natural hazards
in the planning process, so that they have a
say in the goals and actions selected and can
communicate information about natural
hazard risks within their communities.

* Develop a plan that reflects the prionties of
Portland residents, bureaus, and offices while
exceeding the requirements of the DMA.

* Meet the planning requirements of FEMA's
Community Rating System (CRS), allowing
the City to maintain or enhance its CRS
classifications.

= Enable the City and all potential planning
partners to use federal grant funding to
reduce risk through mitigation.

REQUIRED CONTENT FOR LOCAL HAZARD
MITIGATION PLANS (44 CFR 201.6(c))

*  Documentation of the process used to develop
the plan, including who was involved and how the
public was involved.

« A risk assessment that provides the following
information:
A description of the type, location, and extent of
all natural hazards that can affect the jurisdiction,
previous occumences of hazard events, and the
probability of future hazard events.
A description of the jurisdiction’s vulnerability to
the hazards in terms of:

o Buildings, infrastructure and critical
facilities located in hazard areas

o Potential dollar losses

o Development trends and the ability to
consider miigation in land use
decisions.

Assessment of each participating jurisdiction’s
risks where they vary from those of the entire
planning area.

« A mitigation strategy for reducing potential losses
identified in the risk assessment:
o A description of mitigation goals.
o A range of mitigation actions and
projects to consider.

o An action plan for each participating
jurisdiction recommending and
prioritizing specific mitigation actions.

« A plan maintenance process that includes:

o A schedule for monitoring, evaluating,
and updating the mitigation plan.

o A process for incorporating the

requirements of the mitigation plan into
other local planning mechanisms.

o A plan for ongoing public participation.

*  Documentation that the plan has been formally
adopted by the goveming body of each
jurisdiction requesting approval of the plan.

» Set prionties for allocation of city funds and pursuit of federal and other grant funding
opportunities to reduce risks from natural hazards.
* Improve understanding of risks and vulnerabilities specific to the City of Portland for Portland

residents and decision-makers in City bureaus.

» Identify actions that will reduce the negative impacts of natural hazards and save lives, reduce

displacement and speed recovery.

« Coordinate existing plans and programs so that high-priority actions to mitigate possible disaster

impacts are funded and implemented.

* Foster collaboration between local government and residents.

14
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1.3 WHO WILL BENEFIT FROM THIS PLAN?

Effective hazard mitigation can provide the following benefits:

* Reduce the loss of life, property, essential services, and critical facilities; and reduce economic
hardship.
Reduce short-term and long-term recovery and reconstruction costs.
Increase cooperation and communication in the community through the planning process.

* Increase potential for state and federal funding for pre- and post-disaster projects.

All residents, businesses, and visitors of the City of Portland are the ultimate beneficiaries of the MAP.
However, the planning process to develop the MAP was performed through an equity lens, in order to
focus the benefits of the plan on the people who are likely to suffer the greatest from a natural hazard
event. The plan identifies strategies and actions that will reduce risk for those who live in, work in, and
visit the City. It provides a viable planning framework for all foreseeable natural hazards that may
impact Portland. Participation in the development of the plan by key stakeholders in the area helped
ensure that outcomes will be mutually beneficial. The resources and background information in the plan
are applicable citywide, and the plan’s goals and recommendations can lay groundwork for the
development and implementation of local mitigation activities and partnerships.

1.4 HOW TO READ THIS PLAN

In order to fulfill the requirements of the DMA and be eligible for federal disaster funding grant
programs, a local hazard mitigation plan must contain a set of information as outlined in the Title 44 of
the Code of Federal Regulations (44 CFR; see box at nght). The MAP has been organized to provide
all the required information. Notations are provided throughout the plan indicating specific requirements
being addressed. The plan is divided into three parts:

 Part 1 includes the planning process and community profile.
= Part 2 includes the risk assessment.
* Part 3 includes the mitigation strategy and plan maintenance process.

The following appendices are also included to provide additional information or otherwise support the
content outlined in the main document:

* Appendix A—5-year progress report (2010 through 2016)
Appendix B—Steering Committee Ground Rules

* Appendix C—Public Engagement Materials

* Appendix D—Cntical Energy Infrastructure Hub Study
Appendix E—Reporting-Area-Scale Maps
Appendix F—Data Sources and Methods used for Mapping
Appendix G—Risk Assessment Data Gaps and Limitations

* Appendix H—Prior Plan Goals

* Appendix —Mitigation Best Practices Catalog
Appendix J—Expectations for Participating Bureaus
Appendix K—Progress Report Template

The City’'s linkage strategy is outlined in Chapter 20 so that other eligible jurisdictions in Portland can
use the information in this plan to ease their level of effort in meeting DMA requirements and becoming
eligible for relevant grant programs.
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2. PLAN UPDATE—WHAT HAs CHANGED

2.1 THE PREVIOUS PLANS

The City of Portland responded to the DMA by developing the initial City of Porfland Nafural Hazard
Mitigation Plan (NHMP), which was approved on December 9, 2004. The NHMP underwent its initial 5-
year update in conformance with DMA requirements and the update was approved on February 15,
2010. During the planning process for that first update, substantial revisions were made to all sections
of the plan. Notably, four additional hazards of concern were added: severe weather, invasive plant
species, erosion and volcanic activity. The original update process included the following (NHMP,
2010):

* Preliminary Research—Portland State University master degree program students in geology
or urban studies researched plans, other city or county mitigation action items and the status of
2004 NHMP action items to provide background documents for the update.

* Organize Resources—The Portland Office of Emergency Management (now called Portland
Bureau of Emergency Management) identified resources that could provide the technical
expertise, historical information and research data to update the 2004 NHMP.

* Update Hazard Profiles—The planning team reviewed the hazards identified in the 2004
NHMP and assessed other hazards that have historically impacted the city. A hazard analysis
was developed for eight hazards.

* Update Risk Assessment—The planning team reviewed the City’s 2006 vulnerability analysis
and used the results to develop a mitigation strategy.

* Assess Capabilities—The planning team reviewed the City's administrative, technical, legal,
requlatory and fiscal capabilities and determined whether they adequately met existing
requirements.

* Update Mitigation Strategy—The planning team reviewed the previous mitigation goals and
actions to determine whether the goals still met the City's needs and whether the actions had
been implemented, were in progress, or were no longer applicable. Based on the updated risk
assessment, the planning team prioritized over 100 mitigation actions for implementation in a
mitigation action plan.

* Monitor Progress—The planning team developed an implementation process for the mitigation
action plan.

Changes to the 2004 plan were summarized in the 2010 update as shown in Table 2-1.

2.2 WHY UPDATE?

Portland’s 2016 Mitigation Action Plan (MAP) is the next update to the City’s natural hazard mitigation
plan. Development of this new plan achieves a number of important goals, as described in the sections
below.
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Table 2-1. Summary of Changes in 2010 NHMP

2004 NHMP Section Items Updated in 2010 2004 ltems Deleted in 2010 Items Added in 2010
Planning Process Planning process, planning team, list of A& A&
sources, public outreach
Risk Assessment Hazard profile history, asset inventory, WA New hazards, repefifive Loss
vulnerability analysis & summarnes properties, Mational Flood

Insurance Program requirements

Mitigation Strategy Mitigation actions status, mitigation action Implemented & non-relevant  New mitigation actions, capability
implementation mitigation actions assessment
Plan Maintenance Plan maintenance process NIA Appendix F

2.2.1 Federal Eligibility

Federal law (44 CFR) requires hazard mitigation plans to include a schedule for being monitored,
evaluated and updated. This provides an opportunity to reevaluate recommendations, monitor the
impacts of completed actions, and determine if there is a need to change the focus of mitigation
strategies. A jurisdiction covered by a plan that has expired is not able to pursue elements of federal
funding that require a current hazard mitigation plan.

2.2.2 Changes in Development

Hazard mitigation plan updates must be revised to reflect changes in development in Portland during
the previous performance period of the plan (44 CFR Section 201.6(d)(3)). The plan must describe
changes in development in hazard-prone areas that increased or decreased vulnerability since the last
plan was approved. If no changes in development impacted overall vulnerability, plan updates may
validate the information in the previously approved plan. The intent of this requirement is to ensure that
the mitigation strategy continues to address the risk and vulnerability of existing and potential
development and takes into consideration possible future conditions that could impact vulnerability.

Changes in risk due to development between the 2010 NHMP and the 2016 MAP are difficult to
assess. The exposure and vulnerability assessment in the 2010 update was limited, and that update
noted that the analysis should be updated and enhanced. No citywide tracking or assessment of
exposure occurred during the performance period of the plan. The 2016 update includes a complete
reassessment of nsk and vulnerability in Portland, using more sophisticated data. It calculates
replacement value from assessor records and uses a FEMA loss estimation model called Hazus-MH.
More detailed information on the methodology used to assess risk is provided in Chapter 6. Now that
the City is equipped with a baseline assessment of hazard vulnerability and a user-defined Hazus—MH
model for Portland, a comparative analysis will be possible for future updates.

The MAP assumes that some new development triggered by an increase in population occurred in
hazard areas. Because all such new development would have been regulated pursuant to local
programs and codes, it is generally assumed that vulnerability did not increase even if exposure did.
The City of Portland has a comprehensive plan that governs land-use decisions and policy-making (see
Section 4.9 .4), as well as a building code and specialty ordinances based on state and federal
mandates.

2.2.3 Focus on Public Engagement and Equity

The 2010 NHMP met the federal requirements for community engagement and outreach. However,

plan developers noted that the engagement strategy had fallen short of City of Portland standards and
expectations. The 2016 planning process was developed to reinvigorate the dialogue between
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residents, city government and other stakeholders and to use this dialogue to further existing equity
goals. The Portland Plan, a strategic roadmap for the City, outlines the following vision for equity in the
city (City of Portland, 2012):

« All Portlanders have access to a high-quality education, living wage jobs, safe neighborhoods,
basic services, a healthy natural environment, efficient public transit, parks and greenspaces,
decent housing and healthy food.

* The benefits of growth and change are equitably shared across communities. No one
community is overly burdened by the region’s growth.

All Portlanders and communities fully participate in and influence public decision-making.
Portland is a place where people’s futures are not limited by race, gender, sexual orientation,
disability, age, income, where they were born or where they live.

* Underrepresented communities are engaged partners in policy decisions.

Responsive to this vision, all City bureaus and offices are charged with promoting equity and reducing
disparities. The MAP includes a strong emphasis on working to embrace equity in planning and to
empower Portland’s most vulnerable people to play a role in building the City’'s resilience. This is
referred to as the application of an equity lens (see Figure 2-1). An equity lens is defined by the
Portland Office of Equity and Human Rights (OEHR) as a cnitical thinking approach to undoing
institutional and structural biases, which evaluates burdens, benefits and outcomes to underserved
communities (OEHR, n.d. b). This equity lens was developed and applied throughout the planning
process in all phases of the MAP’s development and is discussed throughout the plan document.

Through this broad engagement and focus on equity, the City is working to reduce vulnerability from
natural hazards for all communities so that the benefits of hazard mitigation, such as the following, can
be shared by all Portlanders:

A faster recovery and return to normal life for neighborhoods after a hazard event
Reduced stress on responders and social services

* Workers' return to work more quickly after a hazard event, resulting in less economic disruption
and fewer businesses closing

* Maintenance of the culture, diversity and distinct neighborhoods of the City of Portland.

2.3 THE 5-YEAR PROGRESS REPORT

The 2010 plan update included a plan maintenance protocol that called for annual review of mitigation
actions. With the exception of monitoring the status of flood-related actions for the City’s CRS program,
organized annual progress reporting did not occur duning the performance penod of the 2010 plan.
Therefore, a five-year progress report was completed as part of the 2016 plan update process. This
progress report is included in Appendix A of this document and provides information on the following:

* Recent natural hazard events in Portland

= Mitigation success stories over the performance period of the plan
A review of the action plan
Recommendations for changes and enhancements.

The template used for the 5-year progress report was reviewed by City bureaus and the steering
committee and was enhanced based on their feedback. The 2016 plan implementation and
maintenance strategy outlines a reinvigorated approach for actively maintaining the plan and includes a
progress report template updated to reflect the comments received during the planning process.
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Graphic by Danielle Butsick, PBEM
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Figure 2-1. Mitigation Equity Lens

2.4 THE UPDATED PLAN—WHAT IS DIFFERENT?
The 2016 updated plan differs from the initial plan and the 2010 update in a variety of ways:

* The public engagement strategy used during the planning process was significantly enhanced,
starting with a large number of non-governmental representatives serving on the plan steering
committee.

* An equity lens was developed and applied throughout the planning process to assess in the
evaluation of risk as well as the development of mitigation actions.

* The vision, mission and goals were revisited and refined to reflect changes in community priorities
and to enhance integration among community planning efforts.

* The plan addressed eight main hazards of concern, an emerging hazard of concemn, and several
compounding factors relevant to adverse impacts from natural hazards.

* The risk and vulnerability assessments for all hazards of concern were updated using best
available data and a more robust risk assessment platform.

= Significant revisions and enhancements were made to the action plan, including the identification
of implementation parameters aimed at enhancing transparency and accountability.

* The plan implementation and maintenance strategy was revised and updated and includes a
Mitigation Action Plan working group that will meet biannually over the plan’s performance perniod.

Table 2-2 indicates the major changes between the 2010 and 2016 plans as they relate to 44 CFR
planning requirements.
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Table 2-2. Plan Changes Crosswalk

44 CFR Requirement Previous Plan

Updated Plan

§201.6(b): In order to develop amore  The 2010 plan update was led by
comprehensive approach to reducing planning team members selected based
the effects of natural disasters, the on their program involvements, expertise
planning process shall include: and decision-making authority. Members
{1} An opportunity for the public to of the public were involved in the planning
comment on the plan during the process through intern assistance from
drafiing stage and prior fo plan the Porfland State University Master's
approval; Program of Urban Planning and the
(2} An opportunity for neighboring Depariment of Geology; consultation with
communities, local and regional subject matter experts on hazard
agencies involved in hazard information; a website developed to
mitigation activities, and agencies  provide information on the update
that have the authority to requlate process; a presentation to the City
development, as well as Council that was available for public
businesses, academia and other viewing on the Cable Metwork; and
private and non-profit interests to be presentations at citywide workshops.
involved in the planning process;  Technical difficulties prohibited the plan's
and public posting on the City website and the
{3} Review and incorporation, if launch of a public survey.
appropriate, of existing plans,
studies, reports, and technical

information.
§201.6(c)(2): The plan shallinclude a  The plan update included the
nisk assessment that provides the identification, screening and profiling of

factual basis for activities proposed in -~ eight hazards of concem. Five of these
the strateqy to reduce losses from were also identified in the 2004 plan
identified hazards. Local nsk (earthquake, flood, landslide, severe
assessments must provide sufficient weather and wildland urban interface fire).
information to enable the junsdicion to  Three hazards were newly added

identify and priontize appropnate (erosion, volcanic activity and invasive
mitigation actions fo reduce losses from  plant species).

identified hazards.

§201.6(c)(2)(i): [The risk assessment  Each hazard of concemn was profiled
shall include a] description of the ... including the history, location and extent,

location and extent of all natural hazards and probability of future impacts.
that can affect the junsdiction. The plan

shall include information on previous

occurrences of hazard events and on

the probability of future hazard events.

The plan update was facilitated through a Steering
Committee made up of stakeholders in Portland.
The Steenng Committee oversaw all phases of plan
development including but not limited to the review
and identification of goals and objectives,
confirmation of a public involvement strateqy,
development of a plan implementation and
maintenance strategy, and the recommendation of
mitigation actions. All Steering Committee meetings
were open fo the public. Additional public input was
received through public events early and late in the
planning process and through a public survey. A 43-
day public comment period was held before the
draft plan was submitted for review. Agency
coordination occurred through several avenues,
including in-person and phone meetings with
relevant agencies, monthly updates on plan
progress and steering committee meetings
distributed to a mailing list, attendance at steering
committee meetings, the composition of the
Steering Committee and the dissemination of the
draft plan for public comment.
A comprehensive risk assessment for Portland was
developed that looked at eight natural hazards of
concern: dam failure, drought, earthquake, flood,
landshide, severe weather, volcanic activity, and
wildfire. This assessment used the best available
data and science with the Hazus-MH (version 2.2)
nisk assessment software and GIS analysis. In
addition, the plan discussed impacts from an
emerging hazard of concemn and several
compounding factors.
Comprehensive nsk assessments of each hazard of
concern are presented in Chapters 7 through 14.
Each chapter includes the following:
= Hazard profile, including maps of extent and
location, histonical occurrences, frequency,
seventy and warning time
= Compounding factors and secondary hazards
= Exposure of people, property, crtical faciliies
and natural environment
# \ulnerability of people, property, criical faciliies
and natural environment
= Future trends in development
= Scenanos
* [ssues.
Each hazard is compared to each other hazard via
a risk ranking described in Chapter 16.
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44 CFR Requirement Previous Plan Updated Plan

§201.6(c)2)i): [The rsk assessment  Vulnerability was described for each Vulnerability was assessed for all hazards of

shall include a] descrption of the hazard of concern although information  concern. The Hazus-MH computer model was used
junsdiction’s vulnerability to the hazards  provided was not specific or detailedin ~ for the dam failure, earthquake, and flood hazards.
described in paragraph (c)(2)(1). This many instances. These were Level-2 (user-defined) analyses using
description shall include an overall coordinating agency and local data. Crifical facilities
summary of each hazard and its impact and assets were defined and inventoried using the
on the community Hazus Comprehensive Data Management System

and other available datasets. Outputs were
generated for other hazards by applying an
estimated damage function to affected assets when
available. The asset inventory was exfracted from
the Hazus-MH model. Best available data were

used for all analyses.
§201.6(c)2)): [The nsk assessment]  Repetitive loss properties within the Gity A description of the National Flood Insurance
must also address National Flood are described. Program (MFIP) and repetitive loss areas is included
Insurance Program insured sfructures to meet DMA and CRS planning requirements. For
that have been repefiively damaged repefitive loss properties, the type of structure was
floods determined, likely causes of flooding were cited,

and the information was reflected on maps. NFIP
compliance is assessed.
§201.6(c)2)u)(~): The plan should A generalized description of crifical A complete inventory of the numbers and types of
describe vulnerability in terms of the faciliies and infrastructure in Porland s buildings exposed was generated for each hazard
types and numbers of existing and provided, as well as information on future  of concem. The Steerng Committee defined “cntical
future buildings, infrastructure, and crtical facilities and infrastructure. Current facilities” for Porland, and these faciliies were
criical faciiies located in the identified  and future exposure to the hazards of inventoried. Each hazard chapter provides a
hazard area. concem is discussed and Table 4-4-1a  discussion of future development frends as they
provides exposure estimates for Portland  pertain to the hazard.
populations and buildings. Table 4-4-1b
provides exposure estimates for City-
owned crifical facilities (erosion, invasive
plant species and volcano hazards were
undetermined).

§201.6(c)2)u)(B): [The plan should Estimated losses from a 2004 Hazus-MH | Loss estimations were generated for all hazards of
describe vulnerability in terms of an) assessment were provided. Estimated concemn likely to impact property. These were
estimate of the potential dollar losses to  losses were not provided for the invasive  generated by Hazus for the dam failure, earthquake,

vulnerable structures identified in plant species and volcanic activity and flood hazards. For the other hazards, loss
paragraph (c)(2)(i)(4) and a description  hazards. estimates were generated by applying a regionally
of the methodology used to prepare the relevant damage function to the exposed inventory.
estimate. In all cases, a damage function was applied to an

asset inventory. The asset invenfory was the same
for all hazards and was generated in the Hazus-MH

model.
£201_6(c)(2)(i)(C): [The plan should Nine action areas of The Partland Plan~ There is a discussion on future development trends
describe vulnerability in terms of] that intersect with the NHMP are as they pertain to each hazard of concemn. This

providing a general description of land  descnbed. Additional detail was also discussion looks predominantly at future land use
uses and development trends within the  provided on land use and development  designated in the recently updated comprehensive

community so that mitigation options trends in Portland. plan and the current requlatory environment that
can be considered in future land use dictates this land use.
decisions.
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44 CFR Requirement

§201.6(c)(3): The plan shall include a
mitigation strateqy that provides the
jurisdiction’s blueprint for reducing the
potential losses idenfified in the risk
assessment, based on existing
authorities, policies, programs and
resources, and its ability to expand on
and improve these existing tools.
§201._6(c)(3)): [The hazard mitigation
strateqy shall nclude a] description of
mitigation goals to reduce or avoid long-
term vulnerabilities to the identified
hazards.

£201.6(c)(3)(1i): [The mitigation strategy
shall include a] section that identifies
and analyzes a comprehensive range of
specific mitigation actions and projects
being considered to reduce the effects
of each hazard, with particular emphasis
on new and existing buildings and
infrastructure.

§201.6(c)(3)(u): [The mitigation strateqy]
must also address the junsdiction’s
participation in the National Flood
Insurance Program, and continued
compliance with the program’s
requirements, as appropriate.

§201.6(c)(3)(1ui): [The mitigation strategy
shall describe] how the actions identified
in Section (c)(3)(i) will be priontized,
implemented, and administered by the
local urisdiction. Priorfization shall
include a special emphasis on the
extent to which benefits are maximized
according to a cost benefit review of the
proposaed projects and their associated
costs.

Previous Plan

The mitigation strateqy was reviewed and
updated from the 2004 plan. It includes a
descripion of mitigation success stones
over the 2004-2009 performance penod.

The 2010 plan included the same vision
statement as the 2004 plan. In addition a
mission statement was developed. The
2004 goals were reviewed, edited and
updated. Seven goals were idenfified.

Table 5-5-1a identifies 114 mitigation
actions that were reviewed by the
planning team for implementation over the
five-year performance perod. For each
mitigation action, a brief assessment of
benefits versus costs and technical
feasibility was included.

A brief discussion on the National Flood
Insurance Program and Community
Rating System was provided in the flood
hazard profile. Appendix | includes a
review of NFIP compliance. Actions that
address NFIP compliance are called out
in Table 5-6-1a.

The planning team evaluated cnteria to
identify the action that would have the
greatest impact on the most hazards,
meet the greatest number of goals, have
the resources to implement current
projects, and align with citywide and
individual bureau priomties and goals. The
selection of mitigation actions and their
priontization are described within the plan.

Updated Plan

The 2010 mifigation strateqy underwent a
comprehensive review including identified vision,
mission and goals, existing capabilities, and
previously idenfified actions. In addition, new
mitigation actions were selected to meet the
updated goals and objectives as well as to address
the issues idenfified dunng the nsk assessment and
public engagement process.

The vision, mission and goals identified in the 2010
plan were reviewed and updated. The plan includes
an updated vision and mission statement as well as
seven goals and 16 objectives. Goals were selected
that support the vision and mission, objectives were
selected that meet multiple goals, and actions were
selected and prioritized based, in part, on meeting
mulfiple objectives.

A hazard mitigation best practices catalog was
developed through an exercise that looked at
strengths, weaknesses, obstacles and opportunities
in Portland as well as previously identified best
practices, and steering committee and other
stakeholder input. This catalog identifies actions
that manipulate the hazard, reduce exposure to the
hazard, reduce vulnerability, or increase mitigation
capability. The catalog segregates actions by scale
of mplementation. A table in the action plan section
analyzes each action by mitigation type fo illustrate
the range of actions selected.

The NFIP capability of the City is assessed and
actions supporting continued compliance and good
standing under the program have been identified,

Each recommended action is priontized using a
qualitative methodology that looked at the
objectives the project will meet, the timeline for
completion, how the project will be funded, the
benefits of the project and the costs of the project.
In addition, actions with the potential for equity
impacts are identified with an “E." This prioritization
scheme is detailed in Chapter 19.
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44 CFR Requirement Previous Plan Updated Plan
§201.6(c)4)1): [The plan maintenance  The planning team and the Ememency A detailed plan maintenance strategy is provided
process shall nclude a] section Management Steering Committee were that includes the following:
descrbing the method and schedule of  responsible for monitoring and evaluating e Annual review and progress reporting
monitoring, evaluating, and updating the the NHMP. An annual review meefing was « Formation of a working group
mifigation plan within a five-year cycle.  to be held during the anniversary week of « Development of an equity implementation guide
the FEMA approval date. An annual « Plan update triggers
review quesfionnaire was fo be « Plan incorporation guidelines
x&ﬁ-ﬁsﬁ;{ﬁ” "‘a'”‘“‘a:‘fm 4o ® Strateay for confinuing publi involvement
per o de orlalﬁ: ealplteladn_ = |mplementation coordination amongst the lead

agencies idenfified.

§201.6(c)(4)(ii): [The plan shall include A discussion of how the actions of the This is included in the plan maintenance strategy
a] process by which local governments | NHMP intersect with The Portland Plan and discussed in the capability assessment.
incorporate the requirements of the was included. A discussion is provided on

mitigation plan into other planning how development and land use planning

mechanisms such as comprehensive or | requirements use hazard information.

capital improvement plans, when Information on implementation of the

appropriate. mitigation actions through existing
planning mechanisms was provided in the
plan maintenance strateqy.

§201.6(c)(4)m): [The plan maintenance Efforts for continued public involvement  This is included in the detailed plan maintenance
process shall include a] discussion on  are descnbed, including presentafions to  sirateqy.

how the community will confinue public community organizations, maintenance of

participation in the plan maintenance  the website and contact information, the

process. establishment of a schedule to implement

public involvement, and the development

of a ciizen acfion plan. The level of

continued public engagement specified

was not maintained over the performance

penod of the plan.
§201.6(c)(5): [The local hazard The Portland City Council adopted the The Portland City Council will adopt the 2016
mitigation plan shall include] 2010 NHMP update via resolufion. update via resolution.
documentafion that the plan has been
formally adopted by the governing body
of the jurisdiction requesting approval of

the plan (e.g., City Council, County
Commission, Trbal Council).
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3. PLAN UPDATE APPROACH

The Mitigation Action Plan was largely funded by a FEMA Pre-Disaster Mitigation grant received by the
Portland Bureau of Emergency Management (FBEM) in 2015. It covered 69 percent of the cost for plan
development. The balance was funded by City in-kind contributions.

3.1 PLAN UPDATE APPROACH

The approach to developing the 2016 MAP encouraged broad participation from many stakeholders.
The plan development strategy was designed to result in the adoption and approval of a plan that sets
the stage for equitably reducing the adverse impacts of natural hazards within the City through activities
and strategies embraced by both elected officials and the people of Portland. The process
encompassed eight key phases:

Phase 1—COrganize resources and review the prior plan
Phase 2—Update the risk assessment

* Phase 3—Develop and implement a public involvement strategy
Phase 4—Update goals, objectives and actions
Phase 5—Review and update the plan maintenance strategy
Phase 6—Assemble the updated plan
Phase 7T—Initiate and complete plan review and adoption

* Phase 8—Implement the approved, adopted plan.

Phases 1, 3 and 6 are described in Part 1 of this document. Phase 2 is described in Part 2. Phases 4, 5
and 8 are discussed in Part 3. In addition to these phases, a simultaneous process was pursued to
assess natural hazard risks for the City’s Cntical Energy Infrastructure Hub along the Willamette River.
Results of this study are incorporated into the plan document as approprate and the full study is
provided in Appendix D.

3.2 FORMATION OF THE PLANNING TEAM

The City of Portland hired Tetra Tech, Inc. to assist in preparation of the MAP. The Tetra Tech project
manager and lead planner reported directly to the City of Portland project manager and project
coordinator. The following planning team was formed to lead the planning effort:

Danielle Butsick, Project Coordinator, PBEM

* Jonna Papaefthimiou, Project Manager, PBEM

* Paul Cone, GIS Support, City of Portland Corporate GIS
Rob Flaner, Project Manager, Tetra Tech
Knsten Gelino, Lead Planner, Tetra Tech

 Carol Baumann, Risk Assessment Lead, Tetra Tech.
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The planning team facilitated the work of the steering committee, coordinated with other agencies,
implemented the public engagement strategy, developed the plan document, and led the plan review
and adoption process. The team met regularly throughout the planning process. As appropnate, other
stakeholders and agency representatives were asked to participate in planning team calls.

3.3 DEFINING THE PLANNING AREA

The planning area was defined to consist of the entire area within the City of Portland city limits.
Relevant Portland charactenistics are described in Chapter 4.

3.4 PLAN KICKOFF

A kickoff event was held on June 22 (see Figure 3-1). The meeting was open to the public (see
Figure 3-2) and had the following objectives:

* Introduce project goals

* Define mitigation and relevant laws

* Introduce the planning team and draft work plan
* Offer opportunities to be engaged.

At the meeting, local stakeholders were solicited to participate in the plan development. Stakeholders
for this planning process were defined as persons and agencies that have a vested interest in the
recommendations and implementation of the MAP. Stakeholders include residents, community groups,
business owners, local, state and federal agencies, elected officials, visitors, and neighboring
communities. Two stakeholder groups were identified at the kickoff meeting:

* Participatory stakeholders—Stakeholders who commit to being members of the Steering
Committee overseeing the plan update process.

+ Coordinating stakeholders—5takeholders who cannot commit to the Steering Committee, but
may attend meetings and want to be informed of plan progress.

Nineteen stakeholders signed up as participatory or coordinating stakeholders at the initial kickoff
meeting.

Figure 3-1. Plan Kickoff Meeting
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Public Meeting
EMmamwmgFam Monday June 22nd, 2015
4:00pm-6:00pm

I(Iﬂl(llﬂ" MEE"“G Matt Dishman Community Center Auditorium

for Portiand'’s 77 NE Knott St.
Porfland, OR 97212

MR bt AR

Portland’s Natural Hazard Mitigation Plan looks at Portland’s risks from natural hazards and
describes specific strategies to enhance the City's resilience.

PORTLAND

READINESS 2 O 1 5

Why should you attend?
> Leam how to get involved in building Portland’s resilience. and why it's important.
> Better understand your natural hazard risks.
> Ensure that your community's needs are considered.
> There will be snacks, and kids are welcome!

Interpretation is available if requested prior to the meeting.

Contact: Danielle Butsick Special Guest Speaker: Courtney Ochs

Project Coordinator Losing Community: Lessons from Humicane Kalrina
danielle.butsick@portiandoregon.gov

503-823-3926

www.portlandoregon.gov/pbem/67578

Figure 3-2. Kickoff Meeting Notice Poster
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3.5 THE STEERING COMMITTEE
3.9.1 Membership

After the kickoff meeting, a steering committee was formed to guide the planning process for the update
and to foster an equitable approach to building Portland’s resilience to natural hazards. Steering
Committee volunteers were solicited at the kickoff meeting and were also contacted by the planning
team. The goal was to assemble a diverse array of committee members who could have
recommendations for the plan or be impacted by its recommendations. Selected committee members
included City of Portland staff, residents, and other stakeholders from within Portland. A committee of
32 members was confirmed to oversee the plan development process (see Figure 3-3).

Figure 3-3. Steering Committee

The Steering Committee provided guidance and leadership, oversaw the planning process, and acted
as a point of contact for local governments, neighborhoods, and community groups interested in the
planning effort. It worked to ensure that all Portlanders have equal access to projects that reduce their
risk from natural hazards. Members of the Steering Committee represent a cross-section of views and
interests across Portland. By including diverse interests, the Steering Committee enhanced the
robustness of the planning effort and built support for hazard mitigation activities across stakeholder
groups. Table 3-1 lists the Steering Committee members.
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Table 3-1. Steering Committee Members
Representationa |Name Title/Age

Portland Government, Floodplain Management and Environmental Protection®

Primary Member Maggie Skenderian
Alternate Member Kate Carone

Bureau of Environmental Services
Bureau of Environmental Services

Portland Government, Land Use and Comprehensive Planning®

Primary Member Kathryn Hartinger

Alternate Member Roberta Joriner / Sallie Edmunds
Portland Governmentc

Primary Member  Danielle Brooks

Altenate Member  Judith Mowry
Portland Government, Open Space Management

Primary Member  Vicente Harrison

Alternate Member N/A
Portland Government, Public Safetyt

Primary Member  Laurent Picard

Alternate Member  Leo Krick/Don Russ
Stakeholder, Public Healthe

Primary Member Jessica London (Co-Chairperson)

Alternate Member Justin E. Ross

Stakeholder, Environmental Interestsc
Primary Member Bob Sallinger
Alternate Member Micah Meskel
Stakeholder, Community Health and Welfare
Primary Member Dean Alby
Alternate Member N/A
Stakeholder, Community Organization
Primary Member  Simeon Mamaril
Alternate Member N/A
Stakeholder, Oregon Public Policy Committeec
Primary Member Jeff Soulages
Alternate Member N/A
Stakeholder, Federal Agency
Primary Member  Glen Collins
Alternate Member N/A
Stakeholder, Community Organization/Committeec
Primary Member  John Steup

Altenate Member N/A
Stakeholder, Community Organization®
Primary Member Darlene Urban Garrett

Alternate Member N/A

Stakeholder, Community Organization¢
Primary Member Solamon Ibe (Co-Chairperson)
Alternate Member N/A

Bureau of Planning and Sustainability
Bureau of Planning and Sustainability

Office of Equity and Human Rights
Office of Equity and Human Rights

Parks & Recreation
NI&

Fire and Rescue
Fire and Rescue

Oregon Health & Science University-Insfitute on Development and
DisabilityfOregon Office on Disability and Health
Oregon Health & Science University-Institute on Development and
Disability/Oregon Office on Disability and Health

Audubon Society of Portland
Audubon Society of Portland

Oregon Food Bank
NIA

Filipino American Community
NIA

Oregon Seismic Safety Policy Advisory Commission
NIA

Department of Homeland Security
NIA

Neighborhood Emergency Team/Amateur Radio Emergency Service/Local
Emergency Planning Committee
NIA

Downtown Meighborhood Emergency Team /Neighbors West/Northwest
Meighborhood Association
MNIA

Portland African American Leadership Forum
NIA
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Representationa |Name Title/Age

Stakeholder, Community Organization
Primary Member Karen Tam

Alternate Member Bob Burkholder

Portland Governmentc
Primary Member  Mary Ellen Collentine
Alternate Member Mike Saling
Stakeholder, Businesst
Primary Member | Jim Mattison
Alternate Member  Shalini Prochazka, S.E.

Brummell Enterprises, Selwood-Moreland Improvement League Member,
Sellwood/Moreland
Brummell Enterprises, Sellwood-Moreland Improvement League Member,
Sellwood/Moreland

Portland Water Bureau
Portland Water Bureau

Simpson Strong-Tie
Simpson Strong-Tie

Portland Government, Building and Code Enforcemente

Primary Member Kathy Roth
Alternate Member Mark Fetters
Stakeholder, Community Organizationt

Primary Member  Jeremy O'Leary (Co-Chairperson)

Alternate Member N/A

Portland Government and Community Organization

Primary Member  Ronault (Polo) LS Catalani
Alternate Member Lisha Shrestha

Stakeholder, Community Organization
Primary Member  Jeff Geisler
Altenate Member Margaret Puckette
Stakeholder, Community Organization®
Primary Member Rob Lee
Alternate Member N/A
Stakeholder, Community Organization
Primary Member Jennifer Levy
Alternate Member Emilie Saks-Webb
Stakeholder, Local Governmente
Primary Member  Molly Emmons
Alternate Member N/A
Stakeholder, Community Organization
Primary Member Ranfis Giannettino Villatoro
Alternate Member N/A
Portland Government, Emergency Managementc
Primary Member Jonna Papaefthimiou
Alternate Member  Peter O'Farrell
Portland Governmentc
Primary Member  Nickole Cheron
Altenate Member Brian Hoop
Stakeholder, Public Health
Primary Member Sherrie Forsloff
Alternate Member  Mike Nurre
Stakeholder, Community Organizationt
Primary Member Casey Milne
Alternate Member Tom Mine

Bureau of Development Services
Bureau of Development Services

East Portland Action Plan
NI&

Immigrant and Refugee Community Organization /Office of Neighborhood
Involvemnent New Porflanders
Immigrant and Refugee Community Organization /Office of Neighborhood
Involvernent New Porflanders

Hayden Island Neighborhood Network
Hayden Island Neighborhood Network

Linnton Neighborhood Association
N/A

5t. Johns Neighborhood Association
5t. Johns Neighborhood Association

Portland Public Schools
N/A

MRG Foundation/Coalition of Communities of Color
N/A

Bureau of Emergency Management
Bureau of Emergency Management

Disability Program, Office of Neighborhood Involvementd
Office of Neighborhood Involvement

Oregon Health and Science University Emergency Management
Oregon Health and Science University Emergency Management

Goose Hollow Foothills League
Goose Hollow Foothills League
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Representationa |Name Title/Agency

Stakeholder, Community Organization

Primary Member  Dean Stearman Volunteers of America
Alternate Member N/A MIA
Portland Governmentc
Primary Memberb Rich Grant Portland Bureau of Transportation
Alternate Member N/A MIA
Stakeholder, Community Organizationc
Primary Member? Darise Weller Portland Harbor Community Adwvisory Group
Alternate Member N/A MNIA

a. Representafives from the Coaliion of Communities of Color, Oregon School Boards Associaion and Rosewood Initiative were
onginally included on the committee roster, but needed to leave the committee due to a lack of resource, change of positions or other
Issue.

b. Steering Committee membership was approved by the committee at the fourth steering committee meeting.

c. Indicates that the steering committee member or his or her alternative missed three or fewer meetings over the course of the planning
process.

d. Steering Committee member fransitioned to representing the Disability Equity Program at the Office of Equity and Human Rights
during the planning process.

3.5.2 Ground Rules

Leadership roles, ground rules (see Appendix B), and a charge statement were established at the first
Steering Committee’s meeting on July 28, 2015 and confirmed on August 19, 2015. The committee was
charged with the following:

* Guide the planning process.

* Develop strategies for public involvement that foster mutual information exchange during plan
development and implementation.
Promote and advocate for equity in hazard mitigation.
Support the development of mitigation strategies that promote a decrease in loss of life,
property damage, and long-term impacts on social, environmental and economic systems from
natural hazards.

The Steering Committee agreed to meet monthly as needed throughout the course of the plan’s
development. The planning team facilitated each Steering Committee meeting, which addressed a set
of objectives based on the work plan established for the plan. The Steering Committee met 12 times
from July 2015 through June 2016, including 10 steering committee meetings (see Figure 3-4) and two
equity training sessions. All Steering Committee meetings were open to the public and agendas,
handouts and meeting notes were posted to the hazard mitigation website. A summary of meeting
objectives is included in the plan milestone table at the end of this chapter. Attendance logs are
available for review upon request.

After leadership roles were confirmed at the August meeting, an executive steering committee meeting
was held the week prior to each steering committee meeting. These meetings involved the steering
committee co-chairs and members of the planning team. The agenda and meeting objectives were
reviewed and discussed, as well as the forum in which each agenda item would be discussed (e.g.
break out groups, full group discussion, etc.). Agendas were modified based on the executive
committee feedback.
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Figure 3-4. Discussion of Mitigation Actions at Steering Committee Meeting

3.5.3 Equity Trainings

In order to provide a baseline level of understanding of equity-related concerns in the City of Portland
and in hazard mitigation planning in general, the planning team arranged for two equity training
sessions for the steering committee. Interested members of the public and other stakeholders were
also invited to attend these events. These trainings were used to inform and enhance the development
of the equity lens applied throughout the planning process, including the public engagement strategy,
the development of the risk assessment, the development of the mitigation strategy, and the plan
implementation and maintenance strategy. City and contracted staff who provided this training also
provided feedback and guidance on the development and application of the equity lens through the
remainder of the plan development process.

City of Portland Office of Equity and Human Rights Trainin

On August 10, 2015, the Portland OEHR led a training to help participants recognize institutional and
systemic barriers to just access to services and opportunities. Participants were asked to apply their
skills to develop strategies that remove barriers in policies, programs, and practices, focusing on race
and disability issues, and leading to the elimination of disparities and improved outcomes for all.

A conversational model was used to facilitate discussions, in order to create a supportive leaming
environment where people could express themselves without fear of judgment or recrimination.
Activities at the training included brief presentations, short videos, small and large group conversations,
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and practical exercises on real world scenarios. The training was designed to convey the following
information:

= History of institutional/systemic racial biases and impacts today

How implicit bias supports the status quo and disparities

Why equality doesn’t mean equity
* How to use equity questions to eliminate disparities and improve outcomes for all
* The City of Portland’s commitment to equity as a value and mission.

A focus of the training was the distinction between an equity framework and an equality framework (see
Figure 3-5). Equality implies equal treatment, while equity focuses on creating an equal opportunity for
successful outcomes, which means that different groups and persons may need different allocations of
resources. The working definition of equity applied during the training was as follows:

Equity is realized when identity—such as race, ethnicity, gender, age, disability, or sexual
orientation—has no detrimental effect on the distribution of resources, opportunities, and
outcomes for groups or members in a society.

Source: OEHR

EQUALITY

Figure 3-5. Equality versus Equity

EQUITY
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Three scenarios were discussed in small groups by training attendees: the development of outreach
strategies; communication mechanisms about a public health risk; and a willing-seller property
acquisition program. Discussions considered the following:

« What assumptions serve as the basis for this policy, procedure or practice?
* How could this policy, procedure, or practice benefit communities of color or people with

disabilities?

= How could this policy, procedure or practice burden communities of color or people with
disabilities?

« What are some strategies for reducing negative impacts for communities of color or people with
disabilities?

MNatural Hazard Mitigation Focused Equity Trainin

On September 28, 2015 Dr. Himanshu Grover, assistant professor and co-director of the University of
Washington's Institute for Hazard Mitigation and Planning, led a training to help participants to
understand and recognize key equity issues in the planning and implementation of hazard mitigation
policies (see Figure 3-6). The session was based on the “appreciative inquiry” approach to purposeful
stakeholder interactions. This approach is useful for engaging with a broad range of stakeholders. It
advocates collective inquiry into the development of a desired future state or policies that are
compelling enough not to require the use of incentives, coercion or persuasion for implementation.

= antcipate,
= Cope with,
= respond to, and

= recover from a hazard event

> Can enhance or diminish vulnerability

Figure 3-6. Natural Hazard Mitigation Focused Equity Training

This approach overcomes limitations of problem-solving by expanding human horizons and
encouraging collective solutions. It assumes that communities are socially constructed phenomena and
that problem-solving is limited only by human imagination and the agreements stakeholders make with
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each other. The session was designed to stimulate a process of inquiry that results in better, more
effective, sustainable and vital connections between stakeholders, toward the common objective of
mitigating hazard risks to the community.

Participants were introduced to the role of hazard mitigation planning in reducing risks from hazard
threats and were then asked to participate in a collaborative exercise to identify issues and challenges
in the development and implementation of an effective hazard mitigation strategy for the City of
Portland. Learning objectives for the training were as follows:

* Appreciate the role of the MAP in reducing nsks and avoiding losses.

* Recognize key equity concemns in hazard mitigation planning.

* Actively participate in development of equity lens questions to eliminate dispanties and improve
outcomes for hazard mitigation policies and actions.

« Identify specific needs for targeted mitigation actions that can overcome traditional barriers and
challenges to equity.

» Identify synergistic opportunities for implementing equitable hazard mitigation policies.

The training session focused on vulnerability and risk reduction in order to identify ways to achieve the
following:

Minimize the impacts of hazard events so that they do not become disasters.
Provide a better quality of life to all groups and members of the community.
Build trust and networks that can be relied upon for other developmental activity.
Promote overall sustainability and resilience (enhance social equity).

Key factors identified for decreasing vulnerability and increasing social equity in hazard mitigation
included the following:

Access to resources (including information, knowledge, and technology)
Social capital, including organizational trust, social networks and connections
Beliefs and customs
Age, gender, race

= Health and physical ability.

Common challenges in these processes include the following:

* Framing—Different stakeholders may have conflicting views of the issue.

* Scope—Who are those impacted and where are the impacts?

* Transparency— Irade-offs are not made explicit and hidden agendas seem to determine the
outcome.

* Inequity—Decisions allot the risk and benefits unfairly.
Accountability—Decision makers are isolated from the impact of their decision.
Alienation—People or organizations are ignored: “authority knows best.”

* Trust—Lack of trust in the process or the communication channel.

* Paralysis by analysis—Overly inclusive process that ultimately leads to a continuation of the
status quo.
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3.6 COORDINATION WITH OTHER AGENCIES

Opportunities for involvement in the planning process must be provided to neighboring communities,
local and regional agencies involved in hazard mitigation, agencies with authority to requlate
development, businesses, academia, and other private and nonprofit interests (44 CFR,

Section 201.6(b)(2)). This task was accomplished by the planning team as follows:

* Steering Committee Involvement—Agency representatives were invited to participate on the
Steering Committee. Many agencies contacted to participate as steering committee members
ultimately elected to participate as coordinating stakeholders instead.

= Stakeholder Notification—The following agencies were invited to participate in the plan
development process as coordinating stakeholders:

# Centennial School # Multnomah County » Oregon Department
District Emergency of Land and
#» City of Maywood Management Development
Park Multnomah County » Oregon Department
# Clackamas County Health of Transportation
# Clark County » Multnomah County (ODOT)
# David Douglas Office of Citizen # Oregon Emergency
School District Involvement Management
¥ District Office of » Multnomah County (OEM)
Congressman Earl Office of Diversity # Oregon Health
Blumenauer, OR-3 and Equity Authonty (OHA)
¥ Oregon Department # Multnomah Youth ¥ Oregon Metro
of Geology and Commission » Oregon Public
Mineral Industries » Oregon Advocacy Utility Commission
(DOGAMI) Commissions # Port of Portland
#» FEMA Region X Office # Portland Public
# Marion County # Oregon Department Schools
# Multnomah County of Environmental # U.S. Coast Guard,
Aging & Disability Quality Station Portland
Services # Oregon Department » Wasco County
¥ Multnomah County of Justice # Washington County

Drainage District

These agencies received meeting announcements, meeting agendas, meeting handouts and
meeting summaries by e-mail throughout the plan development process. Many supported the
effort by attending meetings, providing feedback or comment, or providing data or studies.
Distnibution lists used for agency coordination are available upon request.

* Pre-Adoption Review—All the agencies listed above were provided an opportunity to review
and comment on this plan, primarily through the City’s hazard mitigation website (see Section
3.7.2). Each agency was sent an e-mail message informing them that the draft plan was
available for review. In addition, the complete draft plan was sent to Cregon Office of
Emergency Management, FEMA Region X, and the Insurance Services Office for a pre-
adoption review to ensure program compliance.
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3.7 PUBLIC ENGAGEMENT STRATEGY

Broad public participation in the planning process helps ensure that = DEFINITIONS
diverse points of view about local needs are considered and addressed. = Community—All
The public must have opportunities to comment on disaster mitigation residents of the City of

Portland and those who
work and play here.

«  Engagement—A two-way
communication between

plans during the drafting stages and prior to plan approval (44 CFR,
Section 201.6(b)(1)). The Community Rating System expands on these
requirements by making CRS credits available for optional public

involvement activities. local government and
stakeholders.

3.7.1 Strategy Development -  Stakeholders—Persons

Significant resources were invested in a public engagement strategy to ﬁgggﬂ?ﬁtﬂiifﬂﬁe

ensure that the MAP development process benefited from a wide range recommendations and

of perspectives from all stakeholders. The City established the following implementation of the

MAP. Stakeholders

goals for the public engagement strategy: include residents

. _ . i community groups,

* Reach out to all stakeholders, specifically those living in higher business owners, local,
risk areas. state and federal

« Create authentic opportunities for stakeholders to influence the e

. visitors, and neighboring

planning Pm'?e‘%ﬁ-_ ) N communities.

* Make use of existing community outreach capacities and
networks.

Partner with local organizations.
Promote activities that meet the outreach requirements of the Disaster Mitigation Act and the
Community Rating System.

* Propose activities that can be included and summarized in the plan.

The public engagement strategy was developed through discussion with the steering committee, review
of best practices, interviews with community members, and input from technical support staff contracted
to assist with development of the equity lens. Meetings held as part of this effort are summarized in
Table 3-2.

Table 3-2. Equity and Oufreach Strategy Development Meeting
Meeting Date

Portland Office of Neighborhood Involvement June 12, 2015
Portland Office of Equity and Human Rights July 16, 2015
Portland Office of Neighborhood Involvement September 18, 2015
Meighbors WestNorthwest, Downtown Neighborhood Association January 3, 2016
Mew Portlanders Program March 14, 2016
Community Engagement Liaison Program March 17, 2016

A recommended Community Engagement Plan, developed and reviewed by the steering committee
and planning team, included the following recommended activities (see Appendix C):

Online platform for information sharing
Stakeholder identification and involvement
* Public hazard mitigation survey
“Planning for Real” workshops
Draft plan review and feedback (town hall meetings and public comment)
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* Continued public engagement.

In addition to these activities recommended in the Community Engagement Plan, coordination was
conducted with internal and external stakeholders as events were identified or information was
requested. Although not all plan recommendations were implemented during the MAFP development,
the plan is a resource for continued public engagement during the performance penod of the MAFP, as
well as a resource for the next hazard mitigation plan update. The following sections describe all public
engagement activities carried out during development of the MAP.

The implemented strategy encouraged public participation during the MAP development process, will
facilitate continued engagement with local residents after adoption of the MAP, and promotes effective
cooperation between City government and civil society organizations within an integrated framework for
community engagement. The strategy establishes public involvement that achieves the following:

* Results in City decisions that effectively respond to the needs and priorities of the community
Makes community members and community resources part of the solution
Involves the whole community, especially those who have not participated in the past
Spreads knowledge of and support for public policies and programs
Keeps government accountable.

3.7.2 Strategy Implementation and Results

Online Platform for Information Sharing

At the beginning of the plan development process, the PBEM hazard mitigation website was updated to
provide information on the MAP development process and to serve as the information resource for
mitigation within the city (see Figure 3-7): https://www _portlandoregon.gov/pbem/67578. The site
includes the following:

« The 2010 NHMP
Information on public engagement, including the survey, workshops and meetings
The steering committee roster, ground rules, and meeting packets
* Links to equity resources
Draft findings and reports
Calendar of events
* Information on how to get involved in the planning process and where to submit comments and
questions.

The site’s address was publicized in all press releases, the survey and public engagement events.
PBEM intends to keep a website active and up-to-date after the MAP’s completion to keep the public
informed about successful mitigation projects, progress on identified actions and future plan updates.

114 TETRA TECH



37242

The Mitigation Action Plan Plan Update Approach

@,‘ Portland Bureau of Emergency Management

—— | v

BEM Readiness. Response. Recovery

N e e e

About L gt Harard Migston Ban

Warkshaps Matural Hazard Mitigation Plan
Freguently Asked Ouestons (FAG)

Swanng Commines

e PORTLAND

Equily Resturzes READIMNESS 2 0 1 6
Drat Findings & Repoms <

Calendar

Peeparedniss Suresy

& Subscribe io RSS

MOST FOPULAR

Dading Comiities Pertiand is at risk from natural hazards ke earthquakes, floods, and winter storms, and PBEM is

seeking o betier understand how those events impac! Portlanders so that together we can mcrease owr
S atendar community's resfience 1o dsasters. Ower the next 18 months we'll be updating our natural hazard
mitigation plan using an eguity lens—Iooking to idently and pricritize progacts that will mprove the safety
of all Portlanders, especially these who are most vulnerable. These progects may then be funded by
FEMA, or by the Ciy

Stmering commitbes meetings ane held every third Wednesday of the month. The next steering
committés mesting will be held on Wednesday, June 15th, 2018 from 4:00 PM to B:30pm & Portland
Publke Schoals Blanchard Education Serdce Center, Wy East Conference Room, 501 N Dixon St
MOST RECENT Portland, QR §T227. Al steanng committes mestings ane open to the public

WIEW MORE

Figure 3-7. Sample Page from the Mitigation Action Plan Web Site

Stakeholder Identification and Involvement

The following activities were carried out in addition to formal public engagement meetings
recommended in the Community Engagement Plan (meeting dates are listed in Table 3-3):

= External Stakeholder Recruitment and Coordination—5Stakeholders were invited to join in
the plan process as both participatory and coordinating stakeholders as described in Sections
3.5 and 3.6. Additionally, members of the planning team held several steering committee
recruitment and stakeholder coordination meetings throughout the course of the planning
process.

* Internal Stakeholder Coordination—Coordination with internal stakeholders occurred
throughout the plan process through participatory and coordinating engagement. Several
coordination meetings were held over the course of the MAP development process.

* Identification of Barriers and Opportunities—In-person and phone interviews were
conducted with 41 representatives of neighborhood associations, community organizations and
members of the public during the MAP development process to identify potential bamiers to
public engagement. City bureaus and offices and community organizations were surveyed to
identify ongoing programs and initiatives, in order to leverage existing community linkages
during development and implementation of the MAP. The results of these interviews and
surveys are provided in Appendix C.

* General Outreach and Presentations—Additional outreach was conducted with internal and
external stakeholders as events were identified or information was requested.
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Table 3-3. Stakeholder Identification and Involvement Meeting
Stakeholder Meeting Date

External Stakeholder Recruitment and Coordination Meetings

U.S. Geological Society May 26, 2015
LS. Department of Homeland Secunty June 11, 2015
Commission on People With Disabiliies June 12, 2015
Red Cross June 18, 2015
Black Parent Initiative June 30, 2015
Coaliion of Communities of Color July 2, 2015
Meighbors WestNorthwest, Downtown Meighborhood Association July B, 2015
Metro July 8, 2015
Portland Voz July 14, 2015
Regional Mitigation Planners Meetup July 28, 2015
Home Forward August 11 2015
Sunday Parkways Laurelhurst Park August 23, 2015
Regional Mitigation Planners Meetup October 12, 2015
Regional Mitigation Planners Meetup MNovember 9, 2015
Regional Mitigation Planners Meetup January 12, 2016
Goose Hollow Foothills League January 12, 2016
Oregon Department of Geology and Mineral Industries January 20, 2016
Portland State University April 28, 2016
Oregon Department of Geology and Mineral Industries May 11, 2016
Portland Public Schools May 17, 2016
Latino Metwork May 18, 2016
Regional Mitigation Planners Meetup May 19, 2016
Red Cross June 18, 2016
Black Parent Initiative June 30, 2016
Coaliion of Communities of Color July 2, 2016
City Club Committee on Earthquake Resilience July 19, 2016
Intenal Stakeholder Coordination Meetings

Climate Change Preparation Implementation Team October 29, 2015
Portland Housing Bureau MNovember 19, 2015
Climate Change Preparafion Implementafion Team February 18, 2016
Bureau of Planning and Sustainability Aprl 28, 2016
Office of Equity and Human Rights May 4, 2016
Parks and Recreation May 26, 2016
Bureau of Development Services May 26, 2016
Portland Fire & Rescue May 31, 2016
Bureau of Planning and Sustainability June 15, 2016
Bureau of Planning and Sustainability June 23, 2016
Office of Neighborhood Involvement June 29, 2016
Bureau of Planning and Sustainability July 20, 2016
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Stakeholder Meeting Date

General Outreach and Presentations

Rosewood National Might Out August 6, 2015
Oregon Emergency Management Association/Washington State September 23, 2015
Emergency Management Association Conference

Bureau of Development Services Emergency Preparedness Fair September 30, 2015
Linnton Meighborhood Association Meeting January 6, 2016
Marion County Emergency Management February 10, 2016
Parents for Preparedness March 8, 2016
Goose Hollow Foothills League March 17, 2016
East Portland Action Plan March 23, 2016
Eastmoreland Emergency Preparedness Committee April 21, 2016
Bhutanese Community Workshop? May 21, 2016
Vietnamese Community Workshop? May 28, 2016
Somali Community Workshopd May 29, 2016
Zomi Community Workshop June &6, 2016
Chinese Community Workshop June 10, 2016
St. Johns Neighborhood Association Meeting June 13, 2016
Catlin Gabel People Leading Across City Environments (PLACE) Program June 28, 2016
Linnton Neighborhood Association Meeting July 6, 2016

a. Mo member of the planning team was in attendance at this event. This outreach was conducted by community engagement liaisons
and information was reported back to the planning team.

Public Hazard Mitigation Survey

A public survey was developed by the planning team with input from the steering committee. The
survey was used to inform action item development and prioritization and to inform the planning team
how best to communicate with the public about natural hazard risks and risk reduction. A survey
distribution plan was developed (see Appendix C) to meet the goal of reaching a broad cross-section of
the Portland population, with an emphasis on the populations most vulnerable to natural hazard risks:
economically disadvantaged populations, communities of color, those with limited English proficiency,
immigrants or refugees, and others who are historically underrepresented in government activities or
experience greater likelihood of negative consequences from natural hazard events.

Survey Distribution

The public survey was launched February 5, 2016 (see Figure 3-8). It was distributed online in English,
Spanish, Chinese, Russian, Ukrainian, and Vietnamese, through translation provided by Oregon
Translation, LLC. It included questions to gather information about how Portlanders think about
preparedness and reducing risk from natural hazards; questions to collect demographic information,
such as income level, ethnic identification, household structure; and questions to identify the
respondents’ country of birth and language spoken at home. Data was also collected related to how the
respondent learned about the survey and whether he or she would like to be contacted with additional
related information. A sample page is shown on Figure 3-9. The complete survey and results can be
found in Appendix C.
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www.portlandoregon.gov/pbem
m

By taking 10 minutes to complete the Portland Preparedness Survey, you'll help City of Portland offices
prioritize projects aimed at reducing our risk from natural hazards. You can also be entered to win prizes
including a $150 emergency Kit, and other cool preparedness gear!
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Figure 3-8. Flyer Used to Advertise the Public Survey

Portland Preparedness Survey
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Figure 3-9. Sample Page from Survey Distributed to the Public
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Survey Results

The survey remained open through the course of the MAP development; however, early results were
compiled in May to inform action item development, plan content, and outreach strategies. There were
2,970 responses to the public survey through early April 2016. Key results are summarized below.

Geographic Representation and Residency Tenure

Survey responses were received from all nsk reporting areas and from individuals who live outside of
Portland; 75.5 percent of all respondents indicated that they live in Portland. When non-residents are
excluded, the percent of responses from risk reporting areas is representative of the estimated
population in some cases; however, there are some areas with under- and over-representation.
Overrepresented areas included: Northeast, Southeast and Southwest. Under-represented areas
include: Central City and East Portland. The remaining reporting areas were within 1 percent of the
estimated population. See Table 3-4 for more information.

Estimated City Estimated % of City

Population Populations :
Airport 2674 0.4% 0.2% 0.2%
Central City 37 987 6.2% 3.6% -26%
Central Northeast 47 644 7.8% T71% 0.7%
East Portland 148,712 24 2% 9.6% -14.6%
North Portland 68,047 11.1% 12.1% +1.0%
Northeast o7 842 94% 15.9% +6.9%
Southeast 153,952 25.1% 32.6% +7.5%
Southwest 70,262 11.4% 13.8% +2 4%
WestiNorthwest 26 875 4 4% 4 9% +(.5%

a. Excluding respondents who indicated they reside outside of Portland.

The majority of respondents who live in Portland have lived in the City for 11 or more years (62
percent); 26 percent indicated that they have lived in the City for more than 25 years.

The top three areas where all survey respondents indicated that they and their families spend the most
time are Central City (42 percent), Southeast (34 percent) and Southwest (25 percent). When non-
Portland residents are excluded, the top areas are Central City (43 percent), Southeast (40 percent),
Southwest and Northeast (about 25 percent each).

Demographics

Excluding non-Portland residents, 72 percent of respondents self-identified as middle income and 13
percent identified their household as low income. According to American Community Survey (ACS)
estimates, approximately 12 percent of Portland families are surviving on incomes below the federal
poverty line.

Excluding non-Portland residents, 99 percent of respondents indicated that they speak English at
home. Only nine respondents indicated that they prefer languages other than English. The ACS
estimates that limited English speaking households make up approximately 4 percent of Portland
households.
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Excluding non-Portland residents, 72 percent of respondents indicated that they own their home, and
27 percent indicated that they rent their home. The ACS estimates that 43 percent of the housing units
in the City are renter-occupied.

Approximately 9 percent of respondents indicated that they have physical or mental disability. Thirteen
respondents who indicated that they had a disability (about 7 percent) also indicated that they were 65
or older. According to U.S. census estimates, 9 percent of Portland residents under age 65 have a
disability.

Respondents were able to enter their own racial identity rather than choosing from pre-determined
options. The indicated racial identity was white/Caucasian or Anglo for 79 percent of respondents.
According to ACS estimates, 78 percent of the Portland population is white.

Hazards of Concem

For Portland residents, the top three hazards of concern were earthquake (96 percent), severe weather
(51 percent) and drought (34 percent). Dam failure (3.9 percent) and space weather (8 percent) were
the least likely to be selected. The top three hazards remain the same when non-Portland residents are
included. Of Portland residents, 53 percent indicated that they had expenienced one of the hazards of
concern.

Thoughts on Preparedness and Mitigation

Portlanders indicated that they have made efforts to reduce risk to their families. They clear storm
drains (50 percent), have made non-structural retrofits, such as securing a water heaters (42 percent),
and have planted drought-resistant plants (33 percent). Only 6 percent of Portlanders indicated that
they have purchased flood insurance; 27 percent indicated that they have purchased earthquake
insurance. Seventeen percent indicated that they had not done any of the options indicated. A large
number of respondents indicated that they had not taken these measures because they rent or live in
apartment buildings or condominiums.

The top three things Portlanders have done to prepare for a natural hazard event are obtaining
emergency food and water (58 percent), having an emergency kit at home (54 percent) and registering
for PublicAlerts (46 percent). Only 10 percent of respondents indicated that they had done nothing to
prepare. When non-Portland residents are included, the results are similar.

Portlanders indicated the top three reasons for not preparing for emergencies as lack of money (40
percent), being too busy (34 percent) and preparing being too overwhelming (32 percent).

Portlanders indicated that power outage (67 percent), water system damage (65 percent) and bridge
closures (43 percent) would impact them the most. Responses were similar when all survey
respondents are included.

As the three most important things that the City of Portland government could do to reduce risk from
natural hazards, Portlanders selected strengthening infrastructure such as bridges, sewer lines and
water pipes (85 percent), strengthening public buildings (44 percent), and helping citizens reduce their
individual natural hazard risks (36 percent). Strengthening schools was also commonly mentioned.

Planning for Real Workshops

Nine workshops were held in Portland between April 18 and May 14, 2016 using the “Planning for Real”
workshop approach for community engagement:
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= Seven of the workshops were open to the public and geographically focused.

* One workshop was held for the Coalition of Communities Color, Native American Youth and
Family Center, Portland Voz, the Asian Pacific Network of Oregon (APANO), and the Latino
Network

* One workshop was held for community engagement liaisons (CELs) representing Chinese,
Zomi, Lao, Bhutanese, Somali, Latino, Iragi, and Khmer immigrant and refugee communities
(see Figure 3-10). CELs are leaders in their communities who are contracted with the City of
Portland to act as a bridge between City government and immigrant and refugee communities.
Following the CELs workshop, each participant was asked to schedule a meeting with at least
10 members of his or her community to share information about hazards in Portland and to
provide any feedback received to the planning team

Figure 3-10. Community Engagement Liaisons (CELs) participate in “Planning for Real” Workshop

Workshop Content

The Planning for Real workshop process is described in the Community Engagement Plan provided in
Appendix C. The content of each workshop varied based on lessons learned from previous workshops.
Earlier workshops focused on the MAFP development process and physical exposure to hazards of
concern in the geographic area in which the workshop was held (primarily flood, earthquake, landslide,
wildfire, and severe weather, with some discussion of drought, space weather, and volcano).

Later workshops were adapted based on feedback from early workshop attendees. The early workshop
participants recommended less emphasis on the planning process and more information about projects
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and programs the City is currently doing to reduce vulnerability, and ways for the City to partner with
community organizations. Later workshops briefly covered natural hazard risks, then highlighted current
city activities to reduce risk and vulnerability and potential collaborations between the city and
community organizations.

For workshops with fewer attendees, discussions involved the whole group; workshops with larger
groups were divided into discussion groups focused on specific hazards (wildfire, flood, earthquake,
etc.). The following questions were discussed:

* Is your neighborhood in a hazard risk zone? Are there buildings or services you use on a daily
basis that are in a hazard risk zone? What would the consequences be if they were impacted by
a natural hazard?

* What are some ways that you could reduce the risk impacts and negative consequences at your
home, at work, and in your neighborhood?

 What kinds of programs or projects can City offices do to support you and your neighbors in
preparing for natural hazards?

* Are there potentially vulnerable populations in your neighborhood that could experience
disproportionate impacts from natural hazard events? Can you think of ways to build capacity
for these groups now, so that they are better positioned to absorb and recover from a hazard
event?

Workshop Results

Feedback received at the Planning for Real workshops was compiled and shared with the Steering
Committee, City bureaus and stakeholders. Bureaus were asked to consider this information in the
selection of action items to be implemented over the performance period of the plan.

A full compilation of this feedback is included in Appendix C. A summary of key recommendations by
topic follows:

* Planning process, communications and outreach:

# Include full social and economic recovery after a disaster as a goal of the MAP.

# Provide culturally and community-specific training for community leaders on home
safety, hazard mitigation (e.g. non-structural seismic strengthening), food and supply
storage, response considerations for people with special needs, and household and
neighborhood preparedness.

» Develop post-disaster safety messages based on the 2013 report Day Labor, Worker
Centers & Disaster Relief Work in the Aftermath of Hurmicane Sandy.

» Provide education for rental property owners and property managers on hazard
communication and mitigation actions.

» Provide training on evacuation and sheltering for retirement home staff and all licensed
nursing homes and assisted living care providers.

» Increase PBEM's capacity to provide community trainings and partner with the Office of
Neighborhood Involvement, Diversity in Civic Leadership program, and Community
Engagement Liaisons program to connect underserved communities with training
opportunities.

» Expand the NET program (Neighborhood Emergency Team—volunteers trained by
PBEM and Portland Fire & Rescue to provide emergency disaster assistance within their
own neighborhoods) into every neighborhood in Portland and expand beyond the
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neighborhood structure to non-geographic communities (e.g. immigrant and refugee
communities).

Update Portland Maps to be more user-friendly and visually map hazards.

Culture- and language-appropriate webpage for new Portlanders to access emergency
information, videos, and events in their preferred language.

Postcard mailers to every household in Portland to share natural hazard risks and how
to be prepared. Include this information in neighborhood newsletters.

Hold a storytelling event to share disaster survivor stories and share information about
hazards in an emotionally compelling way.

Citywide preparedness tours to highlight exemplary projects.

Do outreach for ATC-20 damage assessment trainings at neighborhood land use and
transportation meetings. Provide ATC-20 training to NET members to support ATC-20
certified engineers and architects.

« All hazards:

>

Financial assistance and/or regulatory support for low-income residents and renters who
are vulnerable to extreme heat or diminished air quality to install air conditioning
systems.

Training and support for day laborers consistent with guidance in 2013 report Day Labar,
Worker Centers & Disaster Relief Work in the Affermath of Hurricane Sandy.

Funding for community organizations outside formal neighborhood structure whose
projects focus on preparedness and community resilience.

Invest in and promote community gardens and local food production.

Invest in and promote rainwater collection systems in public, residential, and commercial
properties.

Require new development to include onsite rainwater storage and/or emergency drinking
water storage tanks. Include water storage solutions in seismic retrofit projects for
schools and other public buildings.

Update city policies to include energy and water purification solutions promoted
internationally by Green Empowerment.

Invest in and promote solar and other alternative energy in public, residential, and
commercial properties.

Priontize clearing bike paths so that non-automaobile traffic can flow safely and develop
plans to locate aid stations along these routes.

Priontize road access to grocery stores, medical offices, and hospitals. Consider isolated
communities in establishing road-clearing priorities.

Partner with community groups and critical social service organizations to ensure that
they have continuity of operations plans.

Develop hazard-specific evacuation plans that consider likely impacts on bridges and
other transportation infrastructure.

Develop a recovery plan to promote hazard-informed decision-making for post-disaster
redevelopment and to take advantage of the opportunity to move cntical assets to safer
locations.

Provide neighborhood tool libraries for mitigation projects and post-disaster
reconstruction. Partner with home improvement stores to build tool collections.

Require Portland's emergency responders to live within the city. Provide financial
support to purchase or rent a home within the city limits.
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« | andslide:

>

Financial support and education for property owners wishing to remediate their
properties for erosion.

Emergency moratorium on all development in high landslide risk areas.

Enhanced communication with adjacent property owners and neighbors about how
landslide risk is being minimized if development is permitted in landslide risk areas.
Erosion control projects using bio-swales and beneficial drainage systems.
Pre-established detour routes for access in and out of known landslide risk areas.

Replace unsafe or structurally compromised bridges and rebuild to more flood-resistant
standards.

Identify high-traffic bridges and flood-prone routes and establish alternative routes to be
used in case they are flooded.

Require construction of bio-swales for large construction projects where appropriate.
Promote the use of French drains and other on-site stormwater management systems.

* Earthquake:

> Retrofit and/or move fuel infrastructure in Linnton. Maintain fuel reserves in safe
locations for use in disaster recovery.

» 5Strengthen levees to seismic standards.

# Develop an inventory of and distribute information about which shelter facilities have
been retrofitted.

» Provide property owners with financial assistance for seismic strengthening, especially
owners of multi-family and low-income housing.

» Reinforce and fire-proof the Linnton Community Center as a place of refuge for residents
who cannot evacuate.

» Require automatic shutoff valves for gas lines in all new development.

> Evaluate whether current seismic codes are sufficient for a 9.0 subduction zone
earthquake. If not, adopt higher standards.

» Assess seismic stability of large water towers throughout the city to determine whether
they pose a nisk or could be used as an emergency water source.

» Communicate information about hazardous materials and potential plume areas prior to
major event. Ensure firefighters and NET members know hazard types and response
considerations.

# Label unreinforced masonry buildings to notify occupants of their risks.

» Require signage about risks and evacuation routes in hotels.

» Retrofit and reinforce schools beyond life-safety standards so that they can be used as
neighborhood shelters and storage locations for emergency supplies.

» 5Stage emergency resources on the west side of the river in case bridges fail and east-
west access is blocked.

» Continually update water and sewer pipe systems, and continue with the project to build
a seismically reinforced water pipe that crosses under the Willamette River

Wildfire:
» Require metal or composition roofing materials when replacing greater than 50 percent

of a roof in a wildfire risk zone.
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# Provide NET members with training on fire response, especially how to use fire hydrants
and hoses.
» Provide clear information to the public on bumn restrictions.

Severe weather:

» Pnmary concerns from workshop participants about severe weather were related to
extreme heat and emergency shelters for all extreme weather conditions. All
recommendations for severe weather are included under the all-hazards topic above.

Drought:

» Promote homeowners planting native and drought-resistant plants that require less
water during drier months.
» Provide water conservation education to kids in schools.

Press Releases. Media Coverage and Social Media

Press releases were distributed over the course of the MAP’'s development as key milestones were
achieved and prior to each public meeting. Social media was also used to inform members of the public
and other stakeholders on the status of the planning process. The planning effort received the following
press coverage:

Oregon Public Broadcasting, June 23, 2015: hitp://www opb.ora/news/article/portland-works-on-

new-natural-hazard-mitigation-plan/

Portland Tnbune, June 22, 2015: http-//portlandtribune. com/pt/9-news/264451-137767-city-
event-kicks-off-natural-hazard-planning-

Flash Alert Portland, June 22, 2015

KOIN 6, July 28, 2015 http://koin.com/2015/07/28/linnton-most-dangerous-area-when-big-one-
hits/

Neighborhood Activist, Neighbors West-Northwest, July 2015

Southwest Neighborhoods, October 2015, SW News

Linnton Neighborhood Association Newsletter, March — Apnil 2016

Southwest Neighborhoods, Inc. August 2016 Newsletter

KPAM, August 8, 2016, Get Ready

Draft Plan Review and Feedback

After a draft of the MAP was developed, it was presented to the public for review and comment. A 45-
day public comment period was held from August 2, 2016 through September 15, 2016, with the
following opportunities for comment:

Town Hall Events—During the public review and comment period, five town hall events were
held throughout Portland to give residents an opportunity to ask questions about and provide
feedback on the draft MAP. Feedback requested from the public was specifically regarding
action framing, opportunities to enhance benefits or diminish burdens, accessibility of the
hazard maps, and clarification of items in the MAP that are confusing. Four of the meetings
were open to the public and were informal open-house events held in city parks in each
quadrant of the city. Participants were encouraged to review maps and interact with planning
team and PBEM staff to learn about natural hazard risks in their area. The fifth meeting was
held with members of the Coalition of Communities of Color, including Portland Voz, the Latino
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Network, Native American Youth and Family, and APANO, to discuss the draft plan and how
this group’'s comments from the Planning for Real workshop were included.

* Other Public Comments—Stakeholders were also invited to provide comments via email,
postal mail, or phone.

In total, 56 comments were received on the draft MAP. These comments were addressed by the
planning team in the draft plan as appropriate and/or forwarded to appropriate City bureaus as they
were received. All comments were acknowledged by the planning team via email, phone or in person. A
detailed list of all comments received is available upon request.

3.7.3 Critical Energy Infrastructure Hub Stakeholder Outreach

In addition to the outreach conducted as part of The Mifigation Action Plan development, focused
outreach was camed out for a risk assessment of Portland’s Critical Energy Infrastructure (CEI) Hub,
which was conducted in conjunction with development of the MAP. Two formal stakeholder meetings
were held on October 21, 2015 and February 25, 2016. Details on these meetings is provided in the
CEl Hub Study (Appendix D). In addition to these formal meetings, additional outreach was conducted
as shown in Table 3-5.

Table 3-5. CEl Hub Stakeholder Recruitment and Coordination

Stakeholder Meeting Date
U.5. Department of Homeland Security June 25, 2015
LI.S. Departiment of Homeland Security July 23, 2015
Multnomah County Local Emergency Planning Committee August 14, 2015
Multnomah County Local Emergency Planning Committee October 9, 2015
Multnomah County Local Emergency Planning Committee MNovember 13, 2015
U.5. Department of Homeland Security December 2, 2015
Multnomah County Local Emergency Planning Committee December 11, 2015
Oregon Public Health Division Emergency Operations January 14, 2016
Audubon Society of Portland April 1, 2016
Linnton Neighborhood Association April 4, 2016
Hayden Island Neighborhood Association April 6, 2016
Multnomah County Local Emergency Planning Committee April 8, 2016

3.8 PLAN DEVELOPMENT CHRONOLOGY/MILESTONES

Table 3-6 summarizes the key milestones in the MAP development process.
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Table 3-6. Mitigation Action Plan Development Chronology/Milestones
Description/Objectives Attendance

2014

7/08 Grant PBEM received notice of the award of a Pre-Disaster Mitigation MN/A
Grant to fund the hazard mitigation plan update.

2015

126  Project staffing » Hazard Mitigation Plan Project Coordinator Position Posted MNIA

105  Confractor solicitation s PBEM advertised for confractor support for the plan update MiA

3M2  Contractor selection * PBEM selected Tefra Tech to facilitate plan development MiA

514  Project staffing » Hazard Mitigation Plan Project Coordinator Position filled MNIA

529  Intemal Kickoff meefing Review project timeline 4

Form the planning team

Develop strategy for extemnal kickoff
Develop strategy for CEl Hub task

Introduce project goals kT
Define mitigafion and relevant laws

Introduce the planning team and draft work plan

Offer opportunities fo be engaged

Introduce the planning team and Steering Committee members 47
Introduce project goals, timeline and relevant laws

Develop Steering Committee ground rules

Introduce next steps and review action items

Confirm chairpersons, meeting tools, and ground rules 33
Clanify the purpose of mifigation in emergency management

Review and briefly discuss the OEHR equity training

Perform a public involvement capability brainstorming session

Review plan review comments and discuss document outline

Identify hazards of concem

Introduce next steps and review action items

OEHR Eqguity 101 Training 26
Matural Hazard Mitigation Focused Equity Training 37
Confirm steenng committee role in planning process 27
Provide a brief review of equity training take home messages

Review the planning process and work plan

Present planning team recommendations for the nsk assessment based

on plan review survey

Confirm the hazards of concem

Confirm the hazard scenarios

Provide a natural hazard mifigation plan update overview 22
Describe CEl Hub component

Descnbe and discuss desired goals and outcomes

Describe stakeholder role in the planning process

Discuss any gaps in stakeholder representafion

Descrbe information needs

Discuss data availability and possible sources

Identify and address data confidentiality and other concerns

Present the results of the vision, mission and goals homework survey 28
Discuss and confirm vision and mission statements

Discuss and confirm goal statements

6/22  External Kickoff meeting

728 1st Steering Committee Meeting

8M9  2nd Steering Committee Meeting

8M10  Equity Training
9128  Equity Training
10/21  3rd Steering Committee Meeting

10/21  1st CEl Hub Stakeholders Meefing

1118  4ih Steering Committee Meefing
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Plan Update Approach

1216  5th Steering Committee Meeting

1120

2n7

224

2125

3n6

418
420

423

5 88

6th Steering Committee Meeting

Public Engagement
Tth Steering Committee Meeting

Webinar

Znd CEl Hub Stakeholders Meeting

8th Steering Committee Meeting

1st Planning for Real Workshop
Sth Steering Commitiee Meeting

2nd and 3rd Planning for Real
Workshops

4th Planning for Real Workshop
5th Planning for Real Workshop
6th Planning for Real Workshop

Present the planning team recommendation for risk reporfing areas
Discuss and confirm risk reporting areas

Attendance

Discuss and provide input on goals for the natural hazard mitigation public

guestionnaire including: what you would hope fo find out, method of
dissemination, method of advertisement, target audiences

Present the results of the cnfical facility homework survey

Discuss and confirm a crifical facility definition

Discuss datasets being utiized for database development

Review the vision and mission

Discuss the results of the goals homework survey

Discuss and confirm goals

Introduce objectives development exercise

Present the Planning Team recommendation for objectives

Discuss and confirm objectives

Describe action plan development and introduce our next steps in moving
ftowards action development

Present and discuss the 2010 Progress Report

Introduce and discuss plan implementation and maintenance

Matural Hazard Mitigafion Survey opens

Present the general building stock loss estimate matrix

Describe mitigation best practices catalog development

Present and discuss the recommended public engagement plan
Discuss the results of the general building stock and answer questions
pertaining to the nsk assessment
Review project objectives
Review results of Literature Review
Present Risk Assessment Model results
Identify possible actions for the City to consider for the Hazard Mitigation
Plan
Present considerations and lessons leamed from the Climate Action Plan
for incorporating equity into mitigation planning
Set the stage for discussion about issues and action items
Reflect on issues and discuss capabilities that we have and those that we
wish we had
Review mitigation best practices catalog
Small group action-storming
Mortheast and Central Northeast Portland (joint workshop)

Present the recommendations from the CEl Hub report

Discuss the CEl Hub report recommendations and answer questions
about the report

Present the planning team recommendation for the priontization strategy
Discuss the strategy and provide recommendations for improvement
Small group action-voting and action-storming

Mortheast Porland

Morth/Morthwest Porland Central City (joint workshop)

Southeast Portland
MNorth Portland
Southwest Porfland

H

MN/A
24

14

28

14
28

7Tand 29

42

3-28
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Date |Event Description/Objectives Aftendance
51  Tth Planning for Real Workshop s Coalition of Communities of Color, Native American Youth and Family 8

Center, and Latino Metwork
5/8  Public Engagement » Survey Data Capture Date 2970
510  8th Planning for Real Workshop » FEast Portland 16
511  Bureau Action Selection Workshop = Provide instruction and guidance on action selection 28
5114  9th Planning for Real Workshop » Community Engagement Liaisons (CELs) representing Chinese, Zomi, 12
Lao, Bhutanese, Somali, Lafino, Iragi, and Khmer immigrant and refugee
communifies

615  10th Steering Committee Meeting  « Present the results of the MAP survey and the Planning for Real Meetings 26

* Present the aclions that have been selected by City bureaus and offices
and any comments received to date

* Receive additional comments on selected action itemns

* Present the Plan Implementation and Maintenance Strategy

* Review the next steps of the planning process

* Receive feedback on steenng committee’s confinued involvement

» [iscuss what worked in this planning process, did not work and ideas for
improvement.

82  Start of the Public Comment Period '« Comment period opens and review draft posted online N/A
8/9  1st Town Hall Meefing » Coalition of Communities of Color 15
816  2nd Town Hall Meeting » West/Northwest 15
817  3rd Town Hall Meeting » North/Northeast 13
8/23  4th Town Hall Meeting » East/Southeast 15
830  5th Town Hall Meeting » Southwest 15
915 | End of the Public Comment Period * Comment period closes. MN/A
9/30  Plan Submitted to Review Agencies e Plan submitted to Oregon Office of Emergency Management and FEMA N/A

Region X for concurrent review.
1019  Plan Adoption * Plan adopted by Portland City Council NA
XX  Plan Submitted fo Review Agencies e Plan submitted to Insurance Services Office, Inc. for CRS assessment. NIA
XIX  Final Plan Approval » Final Plan Approval received by FEMA Region X NIA
TETRA TECH
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4. CITY OF PORTLAND PROFILE

The City of Portland is located primarnily in Multnomah County in northwest Oregon, with small portions
of the city extending into Washington and Clackamas counties (see Figure 4-1). The city covers

145 square miles centered on the Willamette River and its confluence with the Columbia River.
Portland is the center of commerce, industry, transportation, finance and services for a metropolitan
area of more than 2 million people. It is the largest city in Oregon, the seat of Multhomah County and
the second largest city in the Pacific Northwest (after Seattle).

The Columbia River, which separates Oregon from Washington, is the city’s northern boundary. Major
Jurisdictions adjacent to the city are Beaverton, Tigard and unincorporated Washington County to the
west, Lake Oswego, Milwaukie, Happy Valley and unincorporated Clackamas County to the south, and
Gresham, Fairview and unincorporated Multnomah County to the east. The small city of Maywood Park
is an island within the Portland city limits, in the northeastern part of the city.

Major transportation routes through the city are Interstates 5, 84, 205 and 405, U.5. Highways 26 and
30, the Willamette and Columbia Rivers, and several major railroad lines. Portland Intermnational Airport
is along the Columbia at the northern edge of the city. There are 10 vehicle bridges across the
Willamette River in Portland, and two across the Columbia River. Willamette River crossings also
include a railroad-only bridge and a new bridge serving only mass transit, bicycles and pedestrians. An
aerial tram provides transportation from the South Waterfront area to the Marquam Hill neighborhood.

The city park system includes almost 12,000 acres in developed parks, natural areas, and built acreage
(Portland Parks & Recreation, 2016). This includes Forest Park, the largest urban forest in the United
States, at over 5,000 acres (Forest Park Conservancy, 2016).

4.1 HISTORICAL OVERVIEW

Portland was platted on the west bank of the Willamette River in 1845 on land that had been used until
then by the Multnomah Chinooks. During the 1850s, Portland passed Cregon City to become the
largest city in Oregon, a position it has held ever since. In its early decades, Portland depended on
trade by water. The California Gold Rush created a market for Oregon wheat and lumber shipped to
San Francisco by river and ocean, Willamette River steamboats delivered farm products from the
state’s agnicultural areas, and Columbia River steamers connected to portage railroads to supply
miners in ldaho and Montana (Oregon Histonical Society, 2016).

Portland expenenced further growth with the expansion of the regional railroad system from the 1880s
to the 1910s. The Portland-centered rail network expanded with large and small lines opening the
mountains in western Oregon and the Columbia Basin interior to logging, ranching, and agriculture.
Flour mills, lumber mills, furniture factories, and shipyards lined the Willamette waterfront and maijor rail
corridors. The first three bridges spanned the Willamette River between 1887 and 1891, and by 1906
the number of eastside residents surpassed the number of westside residents (Oregon Historical
Society, 2016).
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Through a practice known as “red-lining” people of color were systematically excluded from living in
most areas in Portland. In 1919, and continuing for decades, the Portland Realty Board's Code of
Ethics banned members from selling property to people of color, in the interest of protecting property
values. Red lines drawn on maps indicated where people of color could live, buy property, or obtain a
mortgage. This ultimately concentrated Portland’s population of people of color in a small, economically
depressed district named Albina. During this time, it was widely known that employment opportunities
for people of color were limited to domestic or railroad work. (Portland Housing Bureau, 2016). The
effects of this practice can still be seen today, decades after it was declared illegal.

Shipbuilding became a significant local industry with the onset of World War I, with major shipyards on
Swan Island and at St. Johns. Portland and Vancouver, Washington produced more than a thousand
ocean-going combat and cargo ships from 1941 through 1945. The industry brought about a population
boom, including many new African American residents in search of higher-paying jobs in the shipyards.
Many newcomers settled in the City of Vanport, which was built in 1942-1943 adjacent to the Columbia
River. That community was destroyed by flood in 1948, permanently displacing 18,000 residents, one
quarter of whom were African American (Portland Housing Bureau, 2016; Oregon Historical Society,
2016). After the destruction from the flood, the land area making up the City of Vanport was annexed
into the City of Portland.

In the late 1960s and 1970s, an expanding electronics industry and growing universities attracted new
arrivals, and a new generation of civic activists became involved in city politics. Between 1968 and
1974, Portland leaders opted to replace a multi-lane expressway on the west shore of the Willamette
River with what is now Tom McCall Waterfront Park. They also funded the city’s first light-rail line, from
downtown to Gresham. The Office of Neighborhood Associations was created during this period, and a
landmark Downtown Plan was completed (Oregon Historical Society, 2016).

The City of Portland today is the center of a large integrated employment and market region. The U.5.
Census Bureau has expanded its definition of the Portland metropolitan area from Multnomah,
Washington, and Clackamas Counties in Oregon and Clark County in Washington to include Yambhill
County, Columbia County, and Skamania County (Washington). Several public agencies, including
Metro (an elected regional government), the Port of Portland, and the Tr-County Metropolitan
Transportation District (TriMet) provide services for part or all of the greater Portland area (Oregon
Historical Society, 2016).

4.2 PHYSICAL SETTING
4.2.1 Topography and Geology

Portland lies at the northern end of the Willamette River valley, at the Willamette's confluence with the
Columbia River. The valley rises to the Coast Range of mountains on the west and to the Cascade
Mountains on the east. The Willamette River begins in the Cascade Mountains almost 200 miles south
of Portland. From Portland, the Columbia River Gorge flows northwest about 100 miles to the Pacific
Ocean. Upstream to the east, the Columbia flows through the Columbia River Gorge, a break across
the Cascade Mountains.

Elevations in the city range from about 20 feet above sea level along the Willamette River to over
1,000 feet in the Tualatin Mountains, which are more commonly called the West Hills (NHMP, 2010).
The west side of the city is dominated by the West Hills, rising from a narrow terrace along the
Willamette River. The east side is flat, with little elevation change except for a few volcanic buttes such
as Mt. Tabor and Rocky Butte (Bureau of Environmental Services, 2006).
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Soils on the west side of the Willamette River vary from clay loam with low permeability and relatively
high erosion potential to gravelly loams, which are relatively well drained and moderately permeable.
The flat areas along the west bank of the Willamette River are urban, with highly disturbed soil and
unstable fill. On the east side of the Willamette River soils are highly vanable, similar to the west side.
Much of the area along the Columbia River has been filled with dredged sand, which drains very well.
In undisturbed areas along the Columbia River, percolation (water flow through soil) rates are very
slow. In the southeast areas of the city, soils vary from moderate to low permeability (NHMP, 2010).

4.2.2 Seismic and Volcanic Features

Most of the Pacific Northwest lies within the Cascadia Subduction Zone, where the Juan de Fuca and
MNorth American tectonic plates meet. The convergence of these plates puts most areas from westermn
Bntish Columbia to California at risk for a catastrophic earthquake with a potential magnitude of 9.0 or
higher (Modified Mercalli Intensity Scale). Portland lies in this area of risk (NHMP, 2010).

Three major crustal fault lines run through Portland: the Portland fault, the East Bank fault and the
Oatfield fault. Each is capable of generating moderately large (6.8) earthquakes (NHMP, 2010).

As a result of the subduction zone, there are active volcanoes nearby, including Mt. 5t. Helens, Mt
Hood, Mt. Adams and Mt. Jefferson. Major eruptions of these volcanoes may cause significant ash fall
in the Portland area (NHMP, 2010).

Portland also lies atop the Boring Volcanic Field, a collection of cones and lava flows formed during
one-time eruptive events. These include Mount Tabor, Rocky Butte and Powell Butte in east Portland.
All existing Boring Volcanic centers are extinct, and the probability of an eruption in the Portland Metro
area is very low (USGS, 2016a).

4.2.3 Surface Waters

The city of Portland lies within the watersheds of five primary surface waters, as described in the
sections below.

Columbia Slough

The Columbia Slough Watershed drains an area of 51 square miles. The slough extends from Kelley
Point Park on the west to Fairview Lake and Fairview Creek on the east. The watershed boundary
includes portions of Portland, Troutdale, Fairview, Gresham, Maywood Park, Wood Village and
unincorporated Multnomah County. Over the years, the watershed and waterway have been altered to
accommodate industry and agriculture. Beginning in 1918, levees were built to provide flood protection.
Wetlands and side channels were drained and filled to allow for development. Waterways were
channelized, and dozens of streams were filled or diverted to underground pipes (FBES, 2006).

Today, the Columbia Slough includes an 18-mile main channel and 30 miles of secondary waterways,
many ponds and lakes, including the Smith and Bybee Lakes complex near the Slough’s confluence
with the Willamette. The Upper and Middle Slough elevations and conveyance are managed by the
Multnomah County Drainage District. The watershed’'s designation as an industrial area helps provide
nearly 60,000 jobs. It is also the home to almost 160,000 people. Portland’s Columbia South Shore
Well Field, which supplies supplemental drinking water to a large portion of the region, is also in the
Columbia Slough Watershed (PBES, 2006).
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Johnson Creek

Johnson Creek originates in Clackamas County and flows west for 25 miles to its confluence with the
Willamette River. The watershed covers 54 square miles and includes portions of the cities of
Milwaukie, Portland, Gresham, Happy Valley and Multnomah and Clackamas Counties. Crystal Springs
Creek and Kelley Creek are Johnson Creek’s main tributaries and contnbute the largest amount of flow
to the main stem. Crystal Springs Creek is fed mostly by cold, clean groundwater from springs on the
north side of Johnson Creek. Smaller tributary streams such as Mitchell, Errol, Deardorf, and Wahoo
Creeks still flow, but about 38 percent of the watershed’s historical tributaries are now piped or diverted
to the combined sewer system. The northern watershed is characterized by large, flat floodplains,
particularly in Lents neighborhood. The topography south of the main stem, where most of Johnson
Creek’s tnbutaries are located, is steep and varied (FBES, 2006).

One of the most significant changes in the watershed occurred in the 1930s when the Works Progress
Administration attempted to control flooding by straightening, deepening and rock-lining the creek,
creating a trapezoidal channel in 15 of the 25 stream miles. This work substantially altered the creek’s
ability to dissipate energy and absorb high winter flows. Because of these alterations, steady rainfall
and surging stormwater runoff from hard surfaces overwhelm the confined stream channel. As a result,
Johnson Creek has flooded 37 times since 1942, and at least seven floods caused major property
damage in the last 35 years (PBES, 2006). The Johnson Creek floodplain has undergone substantial
restoration in the last decade, after numerous properties in the floodplain were purchased by the City.
Over 240 acre-feet of flood storage has been added through floodplain restoration, with a public
investment of over $40 million.

Fanno Creek

Fanno Creek flows southwest for about 15 miles from its headwaters in Hillsdale to the Tualatin River
near Durham. The Fanno Creek Watershed covers 32 square miles. About 4,529 acres are within the
City of Portland. The remaining watershed area is mainly in Washington County. The Fanno Creek
Watershed has steep slopes, steep stream gradients, and soils that are slow to infiltrate rain. These
characteristics cause relatively high stormwater volumes and velocities, streambank instability and
undercutting, erosion, instream sedimentation, and loss of streambank vegetation. More than 80
percent of the Fanno Creek Watershed in Portland is zoned for single-family residential use. The main
stem Fanno Creek floodplain area has been cleared of vegetation and filled, reducing historical
floodplain interactions and reducing habitat (PBES, 2006).

Tryon Creek

The Tryon Creek Watershed in southwest Portland covers about 6 square miles, about 21 percent of it
outside the Portland city limits in Multnomah County, Clackamas County, and the City of Lake Oswego.
The watershed is divided into three sub-watersheds: Tryon Creek, Amold Creek, and Falling Creek.
Amold Creek and Falling Creek are Tryon Creek’s main tributaries. Other smaller tributaries flow into
Tryon Creek both within and outside Portland's city limits. The main stem of Tryon Creek is about

T miles long from its headwaters near Multnomah Village (just north of Interstate 5 and Highway 99) to
its confluence with the Willamette River in Lake Osweqgo at the Highway 43 crossing (PBES, 2006).

Significant residential development in the upper watershed above SW Boones Ferry Road has had
negative effects on the condition of the watershed. Steep slopes and soils are slow to infiltrate water
and increase surface runoff. These characteristics cause relatively high stormwater volumes and
velocities, streambank instability and undercutting, erosion, instream sedimentation and loss of
streambank vegetation. Residential development, impervious surfaces, and road crossings have
severed the creek from its floodplain, decreased habitat and increased stream flow. Tryon Creek State
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MNatural Area is in the lower watershed, and the niparian area along Tryon Creek is largely intact,
providing habitat diversity (PBES, 2006).

Willamette River

Portland’s Willamette River Watershed covers about 69 square miles, about 0.5 percent of the river's
total drainage basin. It is the most highly urbanized portion of the watershed and is a gateway for
migrating salmon to the upper basin. It includes Forest Park, downtown's commercial core, industrial
districts on both sides of the river and Portland’s most densely populated residential neighborhoods
(PBES, 2006).

The watershed is highly urbanized. Its east side is almost completely developed, and the small streams
that once crossed the area have been diverted into the sewer system. The steeper slopes in the West
Hills developed more slowly, and most of the watershed’s remaining open stream channels are on the
west side. Development, urban activities and structural changes throughout the watershed have
diminished watershed functions and affected hydrology, physical habitat, water quality, and biological
communities. Alterations to stream and riverbanks and channels has reduced floodplain functions and
increased stream velocities (PBES, 2006).

The volume of water upstream of Portland and the presence there of dams and reservoirs severely
constrain the City of Portland’s ability to affect the hydrology of the Willamette River. Significant
dredging, diking, and channeling of the main stem Willamette and its tributaries have altered habitat
conditions. The main stem has been namowed and deepened for flood control and navigation; off-
channel habitat has been virtually eliminated, and the floodplain has been degraded. The river bank
has been hardened with retaining walls and riprap, which prevents natural channel changes and
minimizes the interaction between the river and riparian and floodplain vegetation (FBES, 2006).

4.2.4 Climate

Portland is in the marine west coast climate zone. The Coast Range helps to shield the Portland area
from Pacific Ocean storms. The Cascades offer a steep slope over which moisture-laden westerly
winds rise, resulting in moderate rainfall for the region. Precipitation falls mostly as rain, which varies
across the Portland metropolitan area. The West Hills receive 60 inches of rain per year, but the airport
receives only about 36 inches. The city averages 155 days of measurable precipitation a year. It is not
uncommon to see relatively dry summers in Portland. Nearly 90 percent of Portland’s annual rainfall
occurs between mid-October and mid-May; only about 3 percent occurs in July and August (NOAA,
2016).

Winters can be mild to chilly and very moist, with January averaging 41.4 degrees Fahrenheit (°F). The
Cascades generally block colder continental air masses from Canada, although cold air occasionally
enters western Oregon through the Columbia River Gorge. Most temperatures during winter reach the
40s and lower 50s during the day and fall into the 30s at night. Temperatures below zero degrees are
rare, occurring only six times since 1871. The city’s lowest temperature was —3 °F in February 1950.
Snow accumulations are not frequent. On average, only four days per year see measurable snow, and
rarely more than 2 inches. Snow is most likely in areas above 500 feet or near the Columbia Gorge on
Portland’s east edge. The average winter snowfall total is 4.3 inches (NOAA, 2016b).

Spring is a transitional season. March and April are often damp and cool, with only a few warm dry
days. May and June become drier, with warming weather. Generally, aftemoon temperatures warm
from the 60s or 70s in May to the 70s or lower 80s in June (NOAA, 2016b).

46 TETRA TECH



37242

The Mitigation Action Plan City of Portland Profile

High pressure over the Pacific builds in the summer, with northwesterly winds prevailing in the
afternoons and evenings. This high pressure prevents moisture from flowing into the area, so that
summers often are dry and warm. August averages 69.5 °F. Afternoon highs in the 80s occur with
reqularity beginning in early July. Temperatures above 100 °F are rare, usually occurring in July or
August. The highest recorded temperature is 107 °F, most recently in August 1981 (NOAA, 2016b).

By early to mid- October, fall armves with high temperatures back into the 60s. As nighttime hours
increase, the valley cools more, allowing fog to form on clear nights. Fog can be dense during late night
and early moming hours and can persist for several days (NOAA, 2016b).

Destructive storms are rare in Portland. Surface winds seldom exceed gale force (50 mph or greater)
and have rarely exceeded 75 mph. Wind speeds average 7.5 mph over the course of a year.
Thunderstorms can occur during any month, but are not common. Thunderstorms in winter and spring
are weak, producing small hail and brief gusty winds. Those in summer can produce lightning, strong
winds and large hail. Occasionally, thunderstorms will produce funnel clouds, but tomadoes are rare
(NOAA, 2016b).

On average, the last occurrence of 32 °F in the spring is March 30; the first of the fall occurs around
November 8. First frost of fall is often around October 21, and the last frost of spring is typically near
April 26. This makes for a long growing season (NOAA, 2016b).

Average climate conditions at two National Oceanic and Atmospheric Administration (NOAA) weather
stations in Portland are shown in Table 4-1 and Table 4-2.

ipitation and Temperatures, 1981 — 2010
Temperature (

ptation inches) | Minimum | __Average | Maximum __|
375 422 469

January 6.14

February 463 364 4456 208
March 4.50 410 485 96.0
April 340 440 924 608
May 235 489 58.1 674
June 169 533 B3.1 729
July 0.99 ar4 B8.5 796
August 0.7 28.0 69.0 801
September 1.4 042 B44 746
October 342 AT6 252 629
November B.74 414 467 520
December 6.94 36.5 408 451
Annual 42.85 46.6 54.5 62.5

Source: NOAA, 2016,
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Table 4-2. Portland International Airport Normal Precipitation and Temperatures, 1981 — 2010

Temperature (°F)
Minimum Average Maximum
January 4 86 358 414 470
February J.66 36.3 438 913
March J.68 296 482 56.7
April 273 431 523 614
May 247 486 583 658.0
June 1.70 536 63.6 735
July 0.65 578 69.2 806
August 067 58.0 69.5 811
September 147 531 645 758
October 3.00 4610 549 63.8
November 563 405 466 528
December 549 352 404 456
Annual 36.03 45.6 544 63.1

Source: NOAA, 2016b.

4.3 MAJOR PAST HAZARD EVENTS

Presidential disaster declarations are typically issued for hazard events that cause more damage than
state and local governments can handle without assistance from the federal government. Although no
specific dollar loss threshold has been established for these declarations, the availability of certain
types of funding is limited by the ability to meet federally established damage thresholds. A presidential
disaster declaration puts federal recovery programs into motion to help disaster victims, businesses
and public entities. Some of the programs are matched by state programs.

FEMA reports presidential disaster declarations by county. Since 1964, 13 such declarations have
applied to Multnomah, Washington or Clackamas County. These events are listed in Table 4-3.

Table 4-3. Presidential Disaster Declarations

Disaster | Declaration

Number Date Title Dedared County

DR-4258 2M712016 Severe winter storms, straight-ine winds, flooding, landslides, and | Clackamas, Multnomah, Washington
mudslides

DR-1956  2M7/2011 Severe winter storm, flooding, mudslides, landslides Clackamas

DR-1824  3/2/2009 Severe winter storm, record and near record snow Clackamas, Mulinomah, Washington

DR-1733 120872007 Severe storms, flooding, landslides, and mudslides Washington

DR-1632 32072006 Severe storms, flooding, landshides, and mudslides Clackamas

EM-3228 9772005 Hurricane Katnna evacuation (assistance for evacuees) Clackamas, Multnomah, Washington

DR-1510  2M92004 Severe winter storms Clackamas, Multnomah

DR-1107  3M9/199% Severe storms and high winds Washington

DR-1099  2/9119% High winds, severe storms and flooding Clackamas, Mulinomah, Washington

DR-985  4/26/1993 Earthquake Clackamas, Washington

DR-413 172501974 Severe storms, snowmelt & flooding Clackamas, Washington

DR-319 1211972 Severe storms & flooding Clackamas, Multnomah, Washington

DR-184 12/24/1964 Heavy rains & flooding Clackamas, Multnomah, Washington
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Review of these events helps identify targets for risk reduction and ways to increase a community’s
capability to avoid large-scale events in the future. 5till, many natural hazard events do not trigger
federal disaster declaration protocol but have significant impacts on their communities. These events
are also important to consider in establishing recurrence intervals for hazards of concem.

4.4 REPORTING AREAS

This plan assesses hazard risks for the City of Portland overall and for each of nine smaller areas that
make up the city. The areas selected for risk assessment are those used in the City's budget mapping
process, which roughly align with neighborhood coalition boundaries (although the central city is treated
as a separate area). These risk reporting areas provide linkage to existing financial reporting areas,
which is useful because mitigation actions often require financial expenditures. Budget reporting areas
exclude the airport, so the airport was added as a separate reporting area for The Mitigation Action
Plan. Table 4-4 provides summary descriptions of each area. A map of the areas is shown on

Figure 4-2.

Table 4-4. Reporting Areas Used for Risk Assessment

Current Conditions
Airport None A& N/A '« Mostly annexed * Predominantly commercial uses, some light industrial
19605—70s uses
* Much of the area is devoted to the Portland
International Airport.
* There is one small residential area
Central Central City 36,087 134,883 « Annexed 1850-1900 e« Smallest, and most densely populated
City e Oldest sectionofthe ® 34% of the City’s jobs
City * Regional economic and transportation hub
= Highest sidewalk coverage
= 'Water and sewer infrastructure is old
Central Central 46,930 27072 « Annexed 1901-1990 e Includes indusirial lands north of Columbia and
Northeast Mortheast » Largely incorporated Sandy Boulevards
Neighborhood by 1910 s Cully neighborhood was annexed later than the rest

* Area from ME Prescott.  of the area and has unimproved and substandard

to NE Columbia Blvd streets and lack of sidewalks.
incorporated after
1980

East East Portland 150822 48722 « Mostly annexed inthe » Largest district in area, 29 square miles

Portland  Meighborhood mid-1980s » Sewer system is relative new

Office » At the time of » 25% of the City's residents

annexation many
assets were below
City standards
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North Morth Portland
Portland Neighborhood
Services

Northeast Northeast
Coalition
Neighborhoods

Southeast = Southeast Uplift

Neighborhood
Coalition
Southwest  Southwest
Meighbaors, Inc.
West/ Neighbors

Northwest West/Northwest

65,661

99,723

153,937

66,198

26,815

23513

49 487

39,958

32,161

Annexed 1890-1330
Inner neighborhoods
mostly annexed
18901910

5t Johns annexed by
1920

Annexed 1851-1300

Annexed 1891-1330
Incorporated by 1910,
except some areas
south of Woodstock
Boulevard

Annexed 1891-1930
Outer neighborhoods
annexed in the 1980s

Annexed 1911-1930
Close-in NW annexed
by early 1900s.

Current Conditions

Second largest district in area, 27 square miles
Land uses include large open spaces (Smith/Bybee
Lakes and Kelly Point Park) and waterfront industrial
(private and Port of Portland)

Street network generally meets City's connectivity
standards

Water and sewer infrastructure is old

Second most dense district, with few large open
spaces

Most inner neighborhoods have no walkable access
to green space

Street network generally meets City's connectivity
standards

Inner neighborhoods have some of the oldest water
infrastructure in the City

Water and sewer infrastructure is old

Street network generally meets the City's connechvity
standards

= 5 to 80% of streets have sidewalks
* Most inner neighborhoods have no walkable access

to green space

29% of the City's residents

Many streets are unimproved or unpaved

Most residential sfreets lack sidewalks

Major artenals follow hilly topography

Streets generally do not meet connectivity standards
Sewer system is relatively new and in good condition
Stormwater systemn has capacity deficiencies

Least dense district, with only 27 000 residents

* [Forest Park is the largest single use
* Home fo significant industrial areas along the west

bank of Willamette River

Source: Portiand City Budget Office, 2016
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4.5 DEVELOPMENT PROFILE

4.5.1 Current Land Use and Zoning

Estimated Land Use

Portland has a total area of 145 square miles, of which 11.66 square miles is water. The City of
Portland does not currently have a comprehensive inventory of existing land uses. Table 4-5 shows
estimated current land use in the city derived from use descriptions provided in Multnomah County
Assessor data. The distrbution of land uses within the city will change over time.

Table 4-5. Current Land Use in Portland

Present Use Classification Area (acres)s % of total
Commercial 12014 17.3%
Education 1,271 1.8%
Government 914 1.3%
Industrial 6,251 9.0%
Religious 639 0.9%
Residential 31,083 44 7%
Other—Vacant, Open Space, Unknown 17,379 25%
Total 69,550 100%

a. Areais based on tax lot boundaries and likely excludes public nghts-of-way and water bodies.

Building Count

Because an accurate land use inventory is lacking, land use information is analyzed in this plan using
building counts as a proxy. Table 4-6 shows the type and distnbution of structures throughout Portland.

This information is used for each hazard that has a defined spatial extent.

Table 4-6. Structure Type in Portland
Number of Structuresa

Residential | Commercial Religion Govemment Education

Airport 297 105 170 0 111 0 643
Central City 8a7 1,587 9 45 64 17 2,649
Central Northeast 16,067 1,100 131 99 24 29 17,406
East Portland 41,422 1,886 97 158 81 111 43,755
North Portland 22 066 1421 593 297 g2 %] 24,489
Northeast 19,751 706 22 111 24 66 20,680
Southeast a0, 664 2125 69 213 T3 128 53,270
Southwest 22297 617 21 T2 4 Te 23124
West/Northwest 6,278 793 692 18 26 14 1,821
Total 179,659 10,340 1,872 931 526 509 193,837

a.  Sfructure type assigned to best-fit present use classification, based on Multnomah County Assessor data. Where conflicting
information was available, parcels were assumed to be improved.
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4.5.2 Critical Facilities and Infrastructure

Definition and Categories

The 2007 Critical Infrastructure Protection Plan, Portland/Vancouver Urban Area presents the following
regional definition of crtical infrastructure (CH2M Hill, 2007):

Publicly and privately controlled systems and assets, including the built and natural
environments and human resources, essential to the sustained functioning of the
Portland/Vancouver metropolitan area including Clackamas, Columbia, Multnomah and
Washington Counties in Oregon and Clark County in Washington. Such systems and assels
specifically include those necessary to ensure continuity of security, safety, health and
sanitation services, support the area’s economy, and/or maintain public confidence.
Incapacitation or destruction of any of these systems or assets would have a debilitating impact
on the area either directly, through interdependencies, and/or through cascading effects.

For the MAP, critical facilities and infrastructure were categorized as follows:

* Emergency Services (Emergency Coordination Centers, fire stations, police stations, and
medical care facilities)
Schools
Transportation Systems

» High Potential Loss Facilities (dams, military facilities, nuclear power plants, hazardous
materials)

= Utility Systems:

» Communications
» Power

# Potable water

» Wastewater

Other Assets (zoos, jails, nursing/assisted living facilities)

Inventory

The database was built from the best available data. Additional facilities and infrastructure will be
included as new data becomes available. Figure 4-3 and Figure 4-4 show the location of critical
facilities and infrastructure in Portland. Due to the sensitivity of this information, a detailed list of
facilities is not provided. The list is on file with the City of Portland. Table 4-7 and Table 4-8 provide
summaries of the general types of critical facilities and infrastructure, respectively.

The analysis included 75 facilities outside of the city limits. These are facilities owned or operated by
the Portland Water Bureau associated with the Bull Run Reservoir. They include three high potential
loss facilities and 72 potable water facilities. All point-location critical facilities and infrastructure were
analyzed to help rank risk and identify mitigation actions. Linear features, such as roads, pipelines,
railroad tracks and levees, are not currently able to be analyzed by the risk assessment model used for
this plan. These assets were overlaid with the extent and location of hazard areas as appropriate.
Linear asset totals by type are shown in Table 4-9. The linear features not included in the Hazus
analysis are not included on Figure 4-3 and Figure 4-4. The risk assessment for each hazard discusses
critical facilities.
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Table 4-7. Portland Critical Facilities
Number of Critical Facilities

Airport 2 9 0 0 n

Central City 15 H 29 7 82
Central Northeast 2 17 24 3 46
East Portland 12 26 73 Fa | 132
West/Northwest ] 19 12 2 39
North Portland 7 46 27 9 85
Northeast 9 3 36 3 47
Southeast ] 14 17 18 17
Southwest 8 2 45 9 64
Outside City Boundary 0 3 0 0 3

Total 65 170 323 68 626

Table 4-8. Portland Critical Infrastructure

Uti
Communications ower Potable Water
Airport 2 1] 5 19 10 36
Central City 28 2 1 1 g 51
Central Northeast 10 1 8 9 17 45
East Portland 1 5 8 173 17 214
West/Northwest 8 2 300 25 4
North Portland 15 3 7 6 B3 9
Northeast 2 1 8 3 1] 14
Southeast 1 5 8 2 B 34
Southwest 7 ] 2 36 12 63
Outside City Boundary 0 0 0 72 0 12
Total 94 25 357 346 140 962
Table 4-8. Portland Linear Critical Infrastructure
Infrastructure in Portland

Utility Systems

Power Lines AT6.B7 miles

Gas Lines 83.38 miles

Potable Water System Back Bone 146.51 miles

Wastewater System Collection Pipes 2,643.05 miles

Transportation Systems

Railroads 375.07 miles

Light Rail 52.80 miles

Flood Management Levees

Levees 2027 miles
416 TETRA TECH



37242

The Mitigation Action Plan City of Portland Profile

Critical Energy Infrastructure Hub

The City of Portland is a major throughway for oil, gas and electric transmission lines connecting
Oregon to California, Washington, and Canada. A significant portion of Portland’s energy distribution
infrastructure is along a 6-mile stretch of the Willamette River in Northwest Portland between the [-405
Fremont Bridge and Sauvie Island, an area referred to as the Critical Energy Infrastructure Hub (the
CEIl Hub). The importance of the infrastructure in this hub, as well as the potential risks associated with
materials stored there, warrant particular attention for hazard mitigation planning. A separate study was
conducted to assess this area’s exposure and vulnerability to each of Portland’s key hazards of
concern. A report summarizing this study is provided in Appendix D. It identifies nine recommendations
to improve resilience of the cntical infrastructure in the CEl Hub. The recommendations have been
incorporated as appropriate into the MAP action plan.

4.5.3 Future Trends in Development

The City of Portland limits new development in known hazard areas through codes and policies. City
code outlines hazard-based restrictions on building and development under Title 24 (Building
Regulations) and Title 33 (Planning and Zoning). The codes used to evaluate hazard resilience of
properties to be developed will be assessed as the MAP is implemented, as will the alignment of
mitigation actions in the various projects that address future development.

Portland’s 2035 Comprehensive Plan (City of Portland, 2016) guides how and where land will be
developed and infrastructure projects will be built to address future growth. The comprehensive plan’s
five guiding principles include “resilience,” which it defines as reducing risk and improving the ability of
individuals, communities, economic systems, and the natural and built environments to withstand,
recover from, and adapt to changes from natural hazards, human-made disasters, climate change, and
economic shifts. The risk assessment and action plan in the MAP, together with the resilience policies
in the comprehensive plan, will help ensure that decisions guiding future development consider hazard
risks and vulnerability. Future analysis of specific areas conducted during site review and permitting will
include greater detail of the environment, demographics, buildings, infrastructure, and hazards. This will
aid in a more definitive spatial analysis of buildable land. A study of buildable land inventory is a part of
the Comprehensive Plan and hazards are integrated into the analysis.

Goal 7 of Oregon’s Sfafewide Planning Goals and Guidelines is to protect people and property from
natural hazards. It requires local governments to follow procedures, standards and definitions in
statewide planning goals and commission rules to develop programs to achieve this goal. Natural
hazards covered by this goal include floods, landslides, earthquakes and related hazards, tsunamis,
coastal erosion and wildfires. The Portland Comprehensive Plan includes policies addressing risk
related to landslide, wildfire, flooding and earthquake risks. The MAP provides actions that support this
Statewide Planning Goal.

Risks to future development are analyzed in this plan for each identified hazard that has a defined
spatial extent and location. For hazards that lack this spatial reference, Future land use information
based on Comprehensive Plan land use designations is summarized in Table 4-10 by use category for
FPortland.
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Table 4-10. Future Land Use Designations in Portland
Percent of total acres

Single- Multi- Employment | Mixed Use &
Dwelling Dwelling | Commercal | & Industrial

Airport 5,309 2.6% 3.8% 0.0% b6.68% 2.0% 21.8%
Cenfral City 2975 0.0% 6.8% 42 9% 39.0% 0.0% 11.3%
Cenfral Northeast 6,708 43.4% 6.0% 0.0% 0% 6.2% 13.4%
East Poriland 18,604 90.1% 13.4% 12% 124% 74% 15.5%
Morth Portland 17,133 19.4% 2.2% 0.0% 44 6% 8.8% 22.1%
Mortheast 4427 65.8% 12.0% 0.0% 4.5% 13.7% 4.0%
Southeast 13,415 26.4% 12.3% 0.0% 4.3% 12 6% 12.4%
Southwest 11,519 65.9% 16% 0.0% 0.1% 92% 17.2%
WestMorthwest 12,699 27.7% 2.8% 0.0% 218% 2.5% 452%
TOTAL 92,838 40.5% 8.2% 1.6% 21.9% 1.8% 20.1%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016.

4.6 POPULATION

Information about population is a critical part of planning because it directly relates to housing, industry,
stores, public facilities and services, and transportation. The Population Research Center at Portland
State University estimated Portland's population at 613,355 as of July 1, 2015.

4.6.1 Growth

Population changes are useful socio-economic indicators. A growing population generally indicates a
growing economy, while a decreasing population signifies economic decline. Figure 4-5 shows the
average annual population change from 1990 to 2015 for Portland and the State of Oregon. For both
the city and the state, high growth rates in the 1990s dropped significantly in the 2000s and the first few
years of the 2010s. Higher growth rates have since retumed, and in Portland the 2014-2015 rate of
1.97 percent was greater than the 1.89-percent annual average of the 1990s. Table 4-11 shows the
population in Portland since 1990 (PSU, 2016).

Source: PSU, 2016

2.0%
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Figure 4-5. Oregon and City of Portiand Population Growth
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Population
1990 438 802 2012 587 86D
2000 529121 2013 592 120
2010 583,775 2014 601510
2011 585 845 2015 613 355

Source: PSU, 2016

4.6.2 Age Distribution

The overall age distribution for Portland is illustrated in Figure 4-6. Based on U.5. Census data
estimates, 11 percent of Portland’s population is 65 or older, compared to the state average of 15
percent. According to U.5. Census data, 38.5 percent of the over-65 population has disabilities of some
kind and 11.4 percent have incomes below the poverty line. Among children under 18 years old, 23.7
percent live below the poverty line. It is also estimated that 16 percent of the population is under 15
years old, compared to the state average of 18.2 percent.

85 years and over
75 to 84 years
65 to 74 years
60 to 64 years
55 to 59 years
45 to 54 years
35 to 44 years

Age

25 to 34 years
20 to 24 years
15 to 19 years
10 to 14 years

5 to 9 years
Under 5 years

=

20,000 40,000 60,000 80,000 100,000 120,000 140,000
Number of People

Figure 4-6. Poriland Age Distribution

4.6.3 Race and Ethnicity

According to the U.S. Census, the racial composition of Portland is predominantly white, at about
T7.3 percent. The largest minority populations are Asian at 7.5 percent and African American at 6.1

percent. Figure 4-7 shows the racial distribution in Portland.

Portland has a 14-percent foreign-born population. Other than English, the most commonly spoken
language is Spanish. Portland has identified nine other “safe harbor” languages, defined as those that
are spoken as a primary language by at least 1,000 people in Portland with limited English proficiency.
They are Vietnamese, Chinese, Russian, Romanian, Ukrainian, Japanese, Somali, and Arabic, and
Laotian (Lao communities are just under the 1,000-person threshold) (OEHR, n.d.a). The census
estimates 8.9 percent of residents speak English “less than very well "
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__White

Two or More Races ™

L1]
4.6% »_ African American
6.1%
Other . —— | - ’
3.1% Native Hawaiian and \_ Asian ~~_American Indian
Other Pacific Islander 7 5% and Alaska Native

0.5% 0.8%

Figure 4-7. Portland Race Distribution

4.7 SOCIAL VULNERABILITY AND HAZARD MITIGATION

Hazard research has firmly established the importance of tailoring local hazard mitigation and
emergency response policies to the needs of the community they serve. Vulnerability to natural hazard
events arises out of the social and economic circumstances of everyday life (Morrow, 1999). Recent
disasters such as Hurricane Katrina and Superstorm Sandy illustrated differences in impacts among
different sections of the population, such as the poor, the elderly, immigrants, racial minonties, single-
parent-headed households, and recent residents. These population groups are more vulnerable due to
lack of material, economic, and political resources.

Identification and recognition of the spatial distribution of these groups is critical for formulating an
effective hazard mitigation policy to build long-term community resilience. A social vulnerability lens is a
valuable tool because it highlights where vulnerable groups are located within the community. This
knowledge results in better hazard mitigation policies and improves the likelihood of achieving desired
outcomes because many hazards of concemn occur in defined locations.

4.7.1 Understanding Social Vulnerability

A number of broad contextual factors influence a person or household's vulnerability to a given hazard:

» Lack of material and financial resources to prepare for and recover from a hazard event
Lack of access to information and knowledge required to respond to a hazard event
Beliefs and norms

 Weak residential structures

» Poor access to infrastructure and lifelines.
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Social vulnerability assessment is an innovative and useful way to identify spatial distribution of groups
that are likely to suffer disproportionately in case of a hazard event, so that mitigation and capacity-
building policies can be directed to these neighborhoods in order to minimize negative impacts of
hazard events. Social vulnerability is defined as follows for hazard mitigation (Blaikie et al., 1994):

“The characteristics of a person or group in terms of their capacity to anticipate, cope with, resist
and recover from the impacts of a natural hazard. It involves a combination of factors that
determine the degree to which someone’s life and livelihood are put at risk.”

Vulnerable groups are characterized by demographic and socio-economic conditions such as race,
income or employment status (Blaikie et al_., 1994; Hewitt, 1997; Tobin and Montz, 1997). Social
vulnerability is an outcome of complex interactions between social factors that influence inequality, as
well as elements of the built environment that contribute to vulnerability (houses, roads, utilities, etc.).
Researchers have studied various dimensions of social vulnerability:

Race/ethnicity:

» Bolin 1986; Bolin and Bolton 1986

Perry and Mushkatel 1986

Peacock et al 1997

Bolin and Stanford 1998

Fothergill, Maestas, and Darlington 1999
Lindell and Perry 2004

YVV¥VY¥VYY

Economic status factors such as class, income, and poverty:
> Peacock et al 1997
» Dash et al 1997
» Fothergill and Peek 2004

The degree of urbanization and the quality of housing:
» Cutter, Boruff and Shirley 2003

Gender:
# Enarson and Morrow 1997
# Enarson and Morrow 1998
» Fothergill 1999

* A host of other factors such as age, education, religion, etc.
Based on these studies, the following have been identified as key dimensions of social vulnerability:

Income
Gender
* Race, ethnicity
Age
Unemployment, dependence on social services
Renting as opposed to owning a home
Infrastructure lifelines
* Occupation/working conditions
Family structures
Educational attainment level
» Disabilities or access and functional needs.
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While these factors have been identified with social vulnerability in general, demographic
characteristics do not cause every person within a group to be more vulnerable to natural hazard
events. Individuals with the identified demographic characteristics may have the resources needed to
prepare for or respond to an emergency situation. The ability to avoid, withstand, cope with, respond to
and recover from a disaster is an outcome of a host of internal and external characteristics, often
shaped by circumstances beyond an individual's control. No group should be viewed as a victim group
Or a rescue group.

4.7.2 Demographic Indicators for Social Vulnerability Risk Assessment

Indicators are measures of abstract concepts, such as social vulnerability, that allow comparisons to be
made across levels of assessment. To assess social vulnerability, it is common to use indicators from
data that is collected during the decadal census and/or the U.5. Census Bureau’s American Community
Survey. For the social vulnerability component of the risk assessment for the MAP, the following
indicators were selected:

= Population Under 15 Years of Age—Children, especially in the youngest age groups, often
cannot protect themselves during a disaster because they lack the necessary resources,
knowledge, or life experiences to effectively cope with the situation. Hazard mitigation planning
needs to be tailored to ensure that the community is prepared to ensure that children are safe
during disaster events, and that families with children have access to necessary information and
tools.

= Population Over 65 years of Age—Persons aged 65 years and older are likely to require
financial support, transportation, medical care, or assistance with ordinary daily activities,
especially during disasters. Hazard mitigation activities need to account for such needs.

* Renter Occupied Housing Units—People who rent often do so because they do not have the
financial resources for home ownership. They often lack access to information about financial
aid during recovery. In the most extreme cases, renters lack sufficient shelter options when
lodging becomes uninhabitable and limited supply causes housing costs to rise dramatically
after a disaster. Renters commonly have limited opportunities for implementing mitigation
measures at their home, and may not have insurance to cover their personal property.
Additionally, renters may not be aware of hazard risks at the property. Hazard mitigation
planning needs to explore ways to ensure that renters are aware of risks and opportunities
available to them to mitigate known risks.

* People of color—Social and economic marginalization of certain racial and ethnic groups,
including real estate discimination, has resulted in greater vulnerability of these groups to all
types of hazards. Based on data from a number of studies, African Americans, Native
Americans, and populations of Asian, Pacific Islander, or Hispanic origin are likely to be more
vulnerable than the broader community. These groups often have limited knowledge of local
risks and modes of risk communication, have limited capacity to respond, and are likely to face
major hurdles in navigating procedures to receive aid and assistance in a disaster event.
Hazard mitigation plans need to identify the spatial distribution of these population groups and
direct resources to reduce their vulnerability to hazards.

* Families below the Poverty Level—Economically disadvantaged families have limited ability
to absorb losses due to hazard impacts. Wealth enables families to absorb and recover from
losses more quickly, due to insurance and often the availability of low-cost credit. People with
lower incomes tend not to have access to these resources. At the same time, poorer families
are likely to inhabit poor quality housing and reside in locations that are most vulnerable to
hazard events. Economically disadvantaged neighborhoods are also likely to have relatively
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poor infrastructure and facilities, which exacerbate the disaster consequences for residents
there.

* Limited English Speaking Households—Many households, specifically immigrants, are not
fluent in English. For populations with limited English proficiency, disaster communication is
difficult. This difficulty is especially true in communities whose first language is neither English
nor Spanish and for whom translators and accurate translations of advisornies may be scarce.
Such households are likely to rely on relatives and local social networks (i.e., friends and
neighbors) for information for preparing for a disaster event.

= Persons with Disabilities—Persons with disabilities or others with access and functional
needs are more likely to have difficulty responding to a hazard event than the general
population. Family, neighbors, and local government are the first level of response to assist
these individuals, and coordination of efforts to meet their access and functional needs is
paramount to life safety efforts. It is important for emergency managers to distinguish between
functional and medical needs in order to plan for incidents that require evacuation and
sheltering. Knowing the percentage of population with a disability allows emergency
management personnel and first responders to understand and anticipate the services needed
by those with access and functional needs.

These factors were selected based on factors likely to influence vulnerability, the equity priorities

established by the City, and the availability of datasets at a small enough resolution to determine

probable characteristics of populations within identified hazard areas. Table 4-12 summarizes the
distribution of these social vulnerability indicators by risk-reporting area.

Table 4-12. Distribution of Social Vulnerability Indicators in Reporting Areas
Percent of Total Population Included in the Indicator Groupa, b

Families Limited Persons with
Below English Disabilitiest

Population | Population | Housing | People | Poverty | Speaking Total | Population
Reporting Area Over 65 Level |Households|Population| Under 659
9%

Airport 9.4% 2.1% 68.8% 31.8% 19.8% 20.6% 12.1%

Central City 2.2% 10.1% 83.7% 20.9% 10.6% 39% 12.1% 9%
Central Northeast 18.1% 10.3% 39.1% 236% 11.7% 4.3% 12.1% 9%
East Portland 21.0% 12.7% 44 5% 30.4% 18.0% 10.2% 12.1% 9%
North Portland 17.1% 8.5% 394% 27 8% 14.9% 3:2% 12.1% 9%
Northeast 15.3% 9.1% 45.0% 24. 2% 8.9% 0.9% 12.1% 9%
Southeast 14.0% 10.3% 47 4% 16.8% 9.9% 3:2% 12.1% 9%
Southwest 14.7% 14.0% 38.5% 12.6% 4. 8% 1.3% 12.1% 9%
West/Northwest 11.4% 12.6% 23.0% 17.1% 4.6% 20% 12.1% 9%
Citywide 16.2% 11.2% 45.8% 22.4% 11.7% 4.3% 12.1% 9%

a. These estimates were made using the best available data (Amencan Community Survey estimates), which does not correspond with
hazard nsk areas. It is expected that there is a degree of over- or under-estimation in these estimates, but they are adequate for
planning purposes.

b. Red text fields indicate reporting area values at least 2 percent higher than the citywide average for that indicator.

c. The smallest level of unit for persons with disabilities is the census tract scale, which is not conducive to analysis by hazard extent
and location; therefore, it is assumed that the population is evenly disinbuted in all reporting areas.

d. Percentage of persons with disabiliies in the under-65 population is shown to distinguish this indicator from the over-65 indicator;
much of the vulnerability of the over-65 population is associated with disabilifies.
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4.8 ECONOMY

4.8.1 Income

Other than in extreme circumstances, individual households in the United States prepare for, respond
to and recover from disasters on their own. This means that households living in poverty are
automatically disadvantaged when confronting hazards. Additionally, the poor typically occupy more
poorly built and inadequately maintained housing. Mobile or modular homes, for example, are more
susceptible to damage in earthquakes and floods than other types of housing. In urban areas, the poor
often live in older houses and apartment complexes, which are more likely to be made of un-reinforced
masonry, a building type that is particularly susceptible to damage during earthquakes. Furthermore,
residents below the federal poverty level are less likely to have insurance to compensate for losses
incurred from natural disasters. This means that residents below the poverty level have a great deal to
lose during an event and are the least prepared to deal with potential losses. Personal household
economics significantly impact people's decisions on evacuation. Individuals who cannot afford gas for
their cars often decide not to evacuate. Table 4-13 summarizes recent income data from the U.S.
Census Bureau for Portland and for the State of Oregon.

Table 4-13. 2014 Income Data for Portland and Oregon
Portland Orego

2014 Per Capita Income $32 438 $27 173
2014 Median Household Income $52 230 $50521
% of Households with Income of $100,000 or More 23% 20%
% of Households with Income Below $50,000 48% 49%
% of Residents with 2013-2014 Income Below the Poverty Level 18% 17%
% of Families with 2013-2014 Income Below the Poverty Level 12% 12%

Source: U.S. Census, 2016a

4.8.2 Industry, Businesses and Institutions

Portland’s economy has slowly diversified over the past decades. Steady growth in nontraditional
sectors, such as the manufacture of electrical equipment, instruments and related products, has helped
Portland’s economy adapt to national and global trends.

The Port of Portland, which is responsible for air and marine port facilities, offers opportunities for
expanding export industries, investments, business and travel:

=« Portland’s location on the Columbia River gives it advantages for freight shipping. The Columbia
River navigation channel begins at the Columbia River bar and continues 5 miles upriver at a
depth of 55 feet and a width of 2,640 feet. From there, it maintains a depth of 43 feet and a
width of 600 feet for 100 miles to the Portland Harbor (Port of Portland, 2016a)

= The Port also manages Portland International Airport, which is served by 19 passenger carmmiers
and eight air-cargo carriers. In 2015, the airport provided 185,000 commercial flights and served
nearly 17 million passengers (Port of Portland, 2016b).

The city’s economy is strongly based in the educational services, health care, and social assistance
industry (25.3 percent), followed by the professional-scientific-management industry (13.7 percent) and
arts-entertainment-recreation (11.7 percent) Figure 4-8 shows the breakdown of industry types in
FPortland.
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Source: U.5. Census, 2016a
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Figure 4-8. Industry in Portland

Semiconductor manufacturers, such as Intel and Siltronic, have established major facilities in the
region. Other major private sector employers in the Portland metropolitan area include Tektronix, Nike,
health systems Providence, Kaiser Permanente and Legacy, and retailers Safeway, Albertsons and
Fred Meyer. Major public employers include Oregon Health and Science University (OHSU) and
Portland State University (NHMP, 2010).

4.8.3 Employment Trends and Occupations

According to the American Community Survey, 69.4 percent of Portland’s 16-and-older population is in
the labor force—65.6 percent of women and 73.4 percent of men (U.5. Census, 2016a).
Unemployment in the Portland-Vancouver-Hillsboro metropolitan area as estimated to be 4.4 percent in
April 2016, a 0.8-percent decrease from one year earlier. That decrease ranked the area eighth
nationally for year-over-year improvement in unemployment. Figure 4-9 compares Oregon’s and the
Multnomah County’s unemployment trends from 2004 through 2014. The county’'s unemployment rate
has generally been slightly below that of the state, though both have followed similar trends through the
2007-2009 recession and subsequent recovery (U.5. BLS, 2016).

Of the five occupation categories defined by the U.S. Census, the highest employment in Portland is in
the management, business, science and arts occupation, and the lowest is in the natural resources,
construction and maintenance occupation. As shown on Figure 4-10, employment since 2000 has been
increasing in the management, business, science, and arts occupation and the service occupation, and
decreasing in other occupation classes.
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Source: BLS, 2016
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The City of Portland Economic Opportunities Analysis summarizes key recent trends in city
employment, including the following (E.D. Hovee & Company, LLC, 2016):

* In 2013, there were 393,742 jobs in Portland, 38 percent of all jobs in the seven-county
metropolitan area.

* From 1980 to 2008, Multhnomah County added 114,800 new jobs, a 1.1-percent average annual
growth rate and 25 percent of the total metropolitan area job growth.

 From 2000 to 2008, Portland employment increased by 3,120 jobs—an annual average job
growth of only 0.1 percent, and 5 percent of the total metropolitan area job growth.

« From 2008 to 2013, Portland had average annual job growth of 1.3 percent—23 percent of the
total metropolitan area job growth.

 From 2000 to 2008, manufacturing jobs in the city declined by 3.3 percent per year. Retail jobs
also declined. Employment in education and health care sectors increased at an average of 2.3
percent per year.

= Portland’s geographic distribution of employment as of 2008 was as follows:

27 percent in the Central City commercial areas

5 percent in regional and town centers (or urban centers)
18 percent in neighborhood commercial areas

30 percent in industral districts

10 percent each in institutional and residential areas

YVYVY VY

The U.5. Census estimates that 58 percent of workers in Portland commute alone (by car, truck or van)
to work, and mean travel time to work is 24.7 minutes (U_.S. Census Bureau, 2016a).

4.9 LAWS, ORDINANCES AND PROGRAMS

Existing laws, ordinances, plans and programs at the federal, state, and local level can support or
impact hazard mitigation actions identified in this plan. Hazard mitigation plans are required to include a
review and incorporation, if appropnate, of existing plans, studies, reports, and technical information as
part of the planning process (44 CFR, Section 201.6(b)(3)). Pertinent studies and reports are cited
throughout The Mitigatfion Action Plan; federal, state, and local laws and programs are described below.

4.9.1 Federal

Disaster Mitigation Act

The DMA is the current federal legislation addressing hazard mitigation planning. It emphasizes
planning for disasters before they occur, requiring plans to be in place before Hazard Mitigation Grant
Program funds are available to communities. It specifically addresses planning at the local level. The
MAP is designed to meet the requirements of DMA, improving eligibility for future hazard mitigation
funds.

Americans with Disabilities Act

The Americans with Disabilities Act (ADA) seeks to prevent discrimination against people with
disabilities in employment, transportation, public accommodation, communications, and government
activities. Title Il of the ADA deals with compliance with the Act in emergency management and
disaster-related programs, services, and activities. It applies to state and local governments as well as
third parties, including religious entities and private nonprofit organizations.
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The ADA has implications for sheltering requirements and public notifications. During an emergency
alert, officials must use a combination of waming methods to ensure that all residents have all
necessary information. Those with hearing impairments may not hear radio, television, sirens, or other
audible alerts, while those with visual impairments may not see flashing lights or other visual alerts.
Two technical documents for shelter operators address physical accessibility needs of people with
disabilities, as well as medical needs and service animals.

The ADA intersects with disaster preparedness programs in regards to transportation, social services,
temporary housing, and rebuilding. Persons with disabilities may require additional assistance in
evacuation and transit (e.g., vehicles with wheelchair lifts or paratransit buses). Evacuation and other
response plans should address the unigue needs of residents. Local governments may be interested in
implementing a special-needs registry to identify the home addresses, contact information, and needs
for residents who may require more assistance.

Clean Water Act

The federal Clean Water Act (CWA) employs regulatory and non-regulatory tools to reduce direct
pollutant discharges into waterways, finance municipal wastewater treatment facilities, and manage
polluted runoff. These tools are employed to achieve the broader goal of restoring and maintaining the
chemical, physical, and biological integrity of the nation’s surface waters for the protection and
propagation of fish, shellfish, wildlife and recreation in and on the water.

Evolution of CWA programs over the last decade has included a shift to holistic, watershed-based
strategies. Under this approach, equal emphasis is placed on protecting healthy waters and restoring
impaired ones. A full armay of issues are addressed, not just those subject to CWA regulatory authonty.
Involvement of stakeholder groups in the development and implementation of strategies for achieving
and maintaining water quality and other environmental goals is a hallmark of this approach.

The CWA is important to hazard mitigation in several ways. There are often permitting requirements for
any construction within 200 feet of water of the United States, which may have implications for
mitigation projects identified by a local jurisdiction. Additionally, CWA requirements apply to wetlands,
which serve important functions related to preserving and protecting the natural and beneficial functions
of floodplains and are linked with a community’s floodplain management program. Finally, the National
Pollutant Discharge Elimination System is part of the CWA and addresses local stormwater
management programs. Stormwater management plays a crtical role in hazard mitigation by
addressing urban drainage or localized flooding issues within jurisdictions. In the State of Oregon, the
Department of Environmental Quality (DEQ) develops and administers National Pollutant Discharge
Elimination System municipal stormwater permits. The Portland Group permit was reissued on January
31, 2011. Both the Port of Portland and City of Portland have Stormwater Management Plans under
this permit.

Community Development Block Grant Disaster Resilience Program

In response to disasters, Congress may appropriate additional funding for the U_5. Department of
Housing and Urban Development Community Development Block Grant programs to be distributed as
Disaster Recovery grants (CDOBG-DR). These grants can be used to rebuild affected areas and provide
seed money to start the recovery process. CDBG-DR assistance may fund a broad range of recovery
activities, helping communities and neighborhoods that otherwise might not recover due to limited
resources. CDBG-DR grants often supplement disaster programs of the Federal Emergency
Management Agency, the Small Business Administration, and the U.5. Army Corps of Engineers.
Housing and Urban Development generally awards noncompetitive, nonrecurring CDBG-DR grants by
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a formula that considers disaster recovery needs unmet by other federal disaster assistance programs.
To be eligible for CDBG-DR funds, projects must meet the following criteria:

* Address a disaster-related impact (direct or indirect) in a presidentially declared county for
the covered disaster

* Be a CDBG-eligible activity (according to regulations and waivers)

= Meet a national objective.

Incorporating preparedness and mitigation into these actions is encouraged, as the goal is to rebuild in
ways that are safer and stronger.

Emergency Watershed Program

The USDA Natural Resources Conservation Service (NRCS) administers the Emergency Watershed
Protection (EWP) Program, which responds to emergencies created by natural disasters. Eligibility for
assistance is not dependent on a national emergency declaration. The program is designed to help
people and conserve natural resources by relieving imminent hazards to life and property caused by
floods, fires, windstorms, and other natural occurrences. EWP is an emergency recovery program.
Financial and technical assistance are available for the following activities (National Resources
Conservation Service, 2016):

* Remove debris from stream channels, road culverts, and bridges
* Reshape and protect eroded banks

+ Correct damaged drainage facilities

= Establish cover on crtically eroding lands

* Repair levees and structures

* Repair conservation practices.

Endangered Species Act

The federal Endangered Species Act (ESA) was enacted in 1973 to conserve species facing depletion
or extinction and the ecosystems that support them. The act sets forth a process for determining which
species are threatened and endangered and requires the conservation of the critical habitat in which
those species live. The ESA provides broad protection for species of fish, wildlife and plants that are
listed as threatened or endangered. Provisions are made for listing species, as well as for recovery
plans and the designation of critical habitat for listed species. The ESA outlines procedures for federal
agencies to follow when taking actions that may jeopardize listed species and contains exceptions and
exemptions. It is the enabling legislation in the United States for the Convention on International Trade
in Endangered Species of Wild Fauna and Flora. Criminal and civil penalties are provided for violations
of the ESA and the Convention.

Federal agencies must seek to conserve endangered and threatened species and use their authorities
in furtherance of the ESA’s purposes. The ESA defines three fundamental terms:

= Endangered means that a species of fish, animal or plant is “in danger of extinction throughout
all or a significant portion of its range.” (For salmon and other vertebrate species, this may
include subspecies and distinct population segments.)

= Threatened means that a species “is likely to become endangered within the foreseeable
future.” Regulations may be less restrictive for threatened species than for endangered species.

= Critical habitat means “specific geographical areas that are.._essential for the conservation
and management of a listed species, whether occupied by the species or not.”
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Five sections of the ESA are of cntical importance to understanding it:

= Section 4: Listing of a Species—The National Oceanic and Atmospheric Administration
Fisheries Service (NOAA Fisheries) is responsible for listing marine species; the U.S. Fish and
Wildlife Service is responsible for listing terrestrial and freshwater aquatic species. The
agencies may initiate reviews for listings, or citizens may petition for them_ A listing must be
made “solely on the basis of the best scientific and commercial data available " After a listing
has been proposed, agencies receive comment and conduct further scientific reviews for 12 to
18 months, after which they must decide if the listing is warranted. Economic impacts cannot be
considered in this decision, but it may include an evaluation of the adequacy of local and state
protections. Critical habitat for the species may be designated at the time of listing.

= Section 7: Consultation—Federal agencies must ensure that any action they authonze, fund,
or carry out is not likely to jeopardize the continued existence of a listed or proposed species or
adversely modify its critical habitat. This includes private and public actions that require a
federal permit. Once a final listing is made, non-federal actions are subject to the same review,
termed a “consultation_” If the listing agency finds that an action will “take” a species, it must
propose mitigations or “reasonable and prudent” alternatives to the action; if the proponent
rejects these, the action cannot proceed.

= Section 9: Prohibition of Take—lt is unlawful to “take” an endangered species, including killing
or injuring it or modifying its habitat in a way that interferes with essential behavioral patterns,
including breeding, feeding or sheltering.

= Section 10: Permitted Take—Through voluntary agreements with the federal government that
provide protections to an endangered species, a non-federal applicant may commit a take that
would otherwise be prohibited as long as it is incidental to an otherwise lawful activity (such as
developing land or building a road). These agreements often take the form of a “Habitat
Conservation Plan.”

= Section 11: Citizen Lawsuits—Civil actions initiated by any citizen can require the listing
agency to enforce the ESA’s prohibition of taking or to meet the requirements of the consultation
process.

Federally funded projects, such as those for pre-disaster mitigation or flood mitigation, cannot
jeopardize the continued existence of endangered or threatened species or adversely modify critical
habitat (FEMA, 2015b). With the listing of salmon and trout species as threatened or endangered, the
ESA has impacted most of the Pacific coast states. Some areas have been more impacted by the ESA
than others due to the known presence of listed species, but the entire region is impacted by mandates,
programs and policies based on the presumption of the presence of listed species. Most West Coast
Jurisdictions must now take into account the impact of their programs on habitat. The impacts may
increase in the near future, resulting from recent court decisions and federal administrative actions
involving the nexus between the ESA and the National Flood Insurance Program (NFIP) in the Puget
Sound region of Washington (MSRC, 2016).

The Oregon Fish and Wildlife Commission (through the Oregon Department of Fish and Wildlife)
maintains the threatened and endangered species list in the state of Oregon. The ESA program in the
City of Portland is part of the Science, Fish and Wildlife Division of the Bureau of Environmental
Services.

National Flood Insurance Program

The National Flood Insurance Program provides federally backed flood insurance in exchange for
communities enacting floodplain regulations. Participation in the NFIP is voluntary; however,
participation and good standing under NFIP are prerequisites to grant funding eligibility under the
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Robert T. Stafford Act. The City of Portland participates in the NFIP and has adopted regulations that
exceed the NFIP requirements. At the time of the preparation of this plan, the City of Portland was in
good standing with NFIP requirements.

National Incident Management System

The National Incident Management System (NIMS) is a systematic approach for government,
nongovernmental organizations, and the private sector to work together to manage incidents involving
hazards. The NIMS provides a flexible but standardized set of incident management practices.
Although participation is voluntary, federal departments and agencies are required to make adoption of
NIMS by local and state jurisdictions a condition to receive federal preparedness grants and awards.

Presidential Executive Orders 11988 and 13690

Executive Order 11988 requires federal agencies to avoid to the extent possible the long and short-
term adverse impacts associated with the occupancy and modification of floodplains and to avoid direct
and indirect support of floodplain development wherever there is a practicable alternative. It requires
federal agencies to provide leadership and take action to reduce the risk of flood loss, minimize the
impact of floods on human safety, health, and welfare, and restore and preserve the natural and
beneficial values of floodplains. The requirements apply to the following activities (FEMA, 2015a):

* Acquiring, managing, and disposing of federal lands and facilities

* Providing federally undertaken, financed, or assisted construction and improvements

* Conducting federal activities and programs affecting land use, including but not limited to water
and related land resources planning, regulation, and licensing.

Executive Order 13690 expands Executive Order 11988 and acknowledges that the impacts of flooding
are anticipated to increase over time due to the effects of climate change and other threats. It mandates
a federal flood risk management standard to increase resilience against flooding and help preserve the
natural values of floodplains. This standard expands management of flood issues from the current base
flood level to a higher vertical elevation and corresponding hornizontal floodplain. The goal is to address
current and future flood risk and ensure that projects funded with taxpayer dollars last as long as
intended (Office of the Press Secretary, 2015).

Presidential Executive Order 11990

Executive Order 11990 requires federal agencies to provide leadership and take action to minimize the
destruction, loss or degradation of wetlands, and to preserve and enhance the natural and beneficial
values of wetlands. The requirements apply to the following activities (National Archives, 2016):

* Acquiring, managing, and disposing of federal lands and facilities

* Providing federally undertaken, financed, or assisted construction and improvements

* Conducting federal activities and programs affecting land use, including but not limited to water
and related land resources planning, regulation, and licensing.

Title VI of the Civil Rights Act of 1964

The Civil Rights Act of 1964 prohibits discrimination based on race, color, religion, sex or national origin
and requires equal access to public places and employment. The act is relevant to emergency
management and hazard mitigation in that it prohibits local governments from favoring the needs of one
population group over another. Local government and emergency response must ensure the continued
safety and well-being of all residents equally, to the extent possible.
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4.9.2 State

The 2015 Oregon Natural Hazards Mitigation Plan has an exhaustive review of policies related to
natural hazards in Oregon. Table 4-14 shows the identified polices relevant for the City of Portland.
Detailed descriptions are provided in Section 3.4.1.2 of the state’s NHMP (Oregon Department of Land
Conservation and Development, 2015). Additional state programs and capabilities that are available as
a resource to the City of Portland are described in Section 4.9.3.

Publications/Studies
Multi-Hazard e Local Comprehensive Plans * Energy Assurance Plan
= (Goal 2: Land use Planning + Matural Hazards Mitigation in Oregon: An
= Goal 7: Matural Hazards Evaluation of Natural Hazards Mitigation
« Oregon Buiding Codes Planning and Implementation in Cregon
+ Oregon Climate Adaptation Framework
+ (Oregon Climate Assessment Report
+ (Oregon Highway Plan
* Oregon Resilience Plan
* (Oregon Transportation Plan
* Planning for Matural hazards: Oregon
Technical Resource Guide, 2000
+ State Emergency Management Plan
Flood = (Goal & Natural Resources, Scenic and Histonc Areas, and Open Space  * Department of Land Conservation and
= Division of State Lands Fill and Removal Permit Program Development Water Quality Model Code
# The Oregon Plan for Salmon and Watersheds and Guidebook
# (Oregon’s Wetlands Protection Program
Landslide # (Goal 17: Coastal Shorelands

= The Oregon Plan for Salmon and Watersheds
= 1997 Senafe Bill 12: Rapidly Moving Landslides

Earthquake e 2005 Senate Bill 2: Statewide seismic needs assessment for schools and « Seismic Vulnerability of Oregon State

emergency facilities Highway Bridges, Mitigation Strategies to

= 2005 Senate Bill 3: Seismic earthquake rehabilitation grant program Reduce Major Mobility Risks

= 2005 Senate Bill 4 and 5: State bond authonzation

= 2001 Senate Bill 13: Seismic Event Preparation

= 2001 Senate Bill 14: Seismic Surveys for School Buildings

= 2001 Senate Bill 15: Seismic Surveys for Hospital Buildings

# 1991 Senate Bill 96: Seismic Hazard Investigation
Wildfire = 1997 Senate Bill 360: Wildland-Urban Interface s Oregon's Communities at Risk

= Additional Criteria for Forestland Dwellings—ORS 215.730 Assessment

# Urban Interface Fire Protection—0ORS 477 .015- 061 » State Fire Services Mobilization Plan
Volcano * Mount Hood Coordination Plan

a. Local comprehensive plans must address local concerns and issues raised by each of the state’s 19 land use planning goals.
Source: Reproduced in part and enhanced from 2015 Oregon Matural Hazards Mitigation Plan

4.9.3 Local

The planning team performed an inventory and analysis of existing authorties and capabilities called a
“capability assessment.” A capability assessment creates an inventory of an agency’s mission,
programs and policies, and evaluates its capacity to carry them out. Goals, objectives, policies and
actions identified in programs and plans identified were reviewed during the development of the MAP
and used to inform the development of the mitigation strategy and assess opportunities for plan
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integration. Actions that expand or fill gaps identified in existing capabilities were considered during the
development of the mitigation strategy. An assessment of legal and regulatory capabilities is presented
in Table 4-15.

Other
Jurisdiction State
Mandated
Building Code (Bureau of Development Services (BDS)) Yes Mo Yes
Comment: Portland City Code, Title 24: Bulding Requiations; last amended December 4, 2015
Zoning Code (Bureau of Planning and Sustainability (BPS)) Yes Mo Yes

Comment: Portland City Code, Title 33: Planning and Zoming: effective January 1, 1991, last amended March 1. 2016

E-Zones

Subdivisions (BDS, BPS) Yes Mo Yes
Comment: Portland City Code, Title 33 Section 600s: Land Divisions and Planned Develogpments; last amended March 1, 2016
Johnson Creek Plan District

Stormwater Management (BDS (enforcement), BES (development and update)) Yes Mo Yes
Comment: Portfand City Code, Title 17 Sedtions 32 through 39 amendment anticipated Jufy 2016

Post-Disaster Recovery Ordinance (PBEM) No Mo No
Real Estate Disclosure No Mo Yes

Comment: Oragon Revised Statutes, Chapter 105 Section 464: Form of seller’'s prapendy disclosure statement; disdlosure is Fimited o
informaktion known by the sefler

Growth Management (BPS) Yes Yes Yes
Comment: Metropoliian Service District: Urban Growth Boundary, kst expanded in 2011

Site Plan Review (BDS/BES) Yes Mo Mo
Comment: Portiand City Code, Title 33 Section 800s: Land Use Reviews,; last amended July 24, 2015

Environmental Protection Yes Yes Yes

Comment: Portland City Code, Title 33 Chapter 440: Greenway Ovenlay Zones; last amended January 1. 2015
Portland City Code, Title 33 Chapter 430 Envionmental Zones; last amended July 24, 2015

Streamiining Commitee for Federal State and Local Code and Regqulatory Compliance on City Projects

Lower Columbia River Salmon and Stealhead Recovery Plan (Titk 24; Biological Opimion Compliance)

Flood Damage Prevention (BDS, BPS) Yes Mo Yes

Comment: Portland City Code. Title 24: Buiding Reguiations—Flood Hazard Areas; last amended November 26, 2010
_Johnson Creck Basin Plan, Emvironmental Zones, Title 33 Chaptar 430

Emergency Management (PBEM) Yes No Yes
Comment: Portfand City Code, Title 15: Emargency Code: last amended Odober 7, 2015
Climate Change (BPS) Yes Yes No

Comment: Resolution 37121 Exhibtt A- 2015 Sustainable City Prnciples and 2030 Environmental Performance Objectives
ENN-5.04 Implementation by City Bureaus of Poficies and Programs; adopted June 24, 2015;

ENN-5.03 City of Portland and Mulnomah County 2015 Climate Adtion Flan; adopted June 24, 2015

Other Yes Mo No
Comment: Portland City Code, Title 10: Erosion and Sediment Control Requiations

Portiand City Code, Title 11: Trees

Portland City Code, Title 12: Arr Pollution Emergency Response

Portland City Code, Title 21: Waler

Comprehensive Plan (BPS) Yes Yes Yes
Is the plan equipped to provide fnkage to this mitigation plan? Yes

Comment: The dralt Comprehensive Plan includes policies refated to hazard-resifient design
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Other

Jurisdiction State
Mandated

Capital Improvement Plan Yes No Yes
What thypes of capital facilities does the plan address?  Parks, sewer, transportation, water

How often is the plan updated?  Reviewed annually during budget process

Comment: Bureau of Development Services, Bureaw of Environmental Services, Portland Fire & Rescue, Bureau of Fire & Polfice

Disabilty & Retrement, Office of Management & Finance, Portland Parks & Recreation, Portland Bureau of Transporiation, Portland
Watar Bureau—al have capital improvement plan summanies listed in the adopied budget

Floodplain or Watershed Plan No No No
Stormwater Plan Yes Mo Yes
Comment: Environmental Services Systems Plan (March 2012)

Habitat Conservation Plan (Portland Water Bureau (PWB)) Yes Yes No
Comment: Bull Run Watar Supply Habitat Conservation Plam B complance report produced in 1995

Economic Development Plan (Portland Development Commission) Yes Mo No

Comment: Economic Development Sirategy: A Five-Year Plan for Promoiing Job Creation and Fconomic Growtly 3-year status report
published July 2012

Shoreline Management Plan No No No
Community Wildfire Protection Plan Yes Yes No
Comment: Miltinomah County Commurity Wildlire Protection Plan

Forest Management Plan (Portland Parks & Recreation) Yes Mo No
Comment: Portfand Urban Forestry Management Plan; 2004

Climate Action Plan (BPS) Yes Yes No
Comment: Chmate Action Plan: Local Sirategies fo Address Clmate Change: June 2015 (in comjunction with Mulnomah County)
Comprehensive Emergency Management Plan (PBEM) Yes No Yes
Commeni: City of Portiand Basic Emergency Operations Plan; March 2013

Threat & Hazard Identification & Risk Assessment Yes Yes Mo
Comment: Portland Urban Area 2015 THIRA Update

Post-Disaster Recovery Plan No No No
Continuity of Operations Plan Yes No No

Comment: Al City bureaus have continuily of operations plans, excapt the Ceniral Budget Office. Several are currently being updaied
PBEM isin the process of hiring a planner to assist bureaus with updating their continuity of operations plans.

Water System Master Plan Yes No Yes
Comment: Infrasiruciure Master Plan:

Supply System Plan; prepared in 2000, currently being updated

Distribution System Plan; prepared in 2007

Seismic Study Yes No Yes
Comment: Water System Selsmic Study Recommended by State Seismic Resfience Plan

Water System Security and Vulnerability Assessment Yes No Yes
Comment: Federally mandated: Completed in 2003 and 2001, respectively

Bull Run Watershed Fire Management Plan Yes Yes Yes
Headworks Facilities Plan Yes Mo Mo

Commeni: PWE report; completed in 2014
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Other
Local Jurisdiction State
Authority | Authority | Mandated
Water Management & Conservation Plan Yes No Yes
Comment: Complated in 2010; ypdate underway
Public Health Plan No Yes
Other Yes No

Comment: Transportation System Plan 2007 —currently being updated

Bull Run Roads Master Plan
Wikdfire Readiness Assessmeant & Gap Analysis 2009

An assessment of fiscal capabilities is presented in Table 4-16. An assessment of administrative and
technical capabilities is presented in Table 4-17. An assessment of education and outreach capabilities
is presented in Table 4-18. Classifications under various community mitigation programs are presented
in Table 4-19. The Steering Committee also identified the following additional local resources and

capabilities:

The MAP steering committee

Potential legal authonity identified through Unreinforced Masonry (URM) Workgroup to mandate
seismic retrofits and other hazard mitigation related actions
= 5Strong personal and family preparedness for City employees
= Large membership of backyard habitat certified homes with strong natural science
understanding; many of them are in landslide areas
* 5Strong communication system—Multnomah County Amateur Radio Emergency Service (ARES)
= 5Strong emergency preparedness education program for people with disabilities
Robust education program for home retrofitting
Strong network of community and marginalized groups.

Table 4-16. Fiscal Capabili

Financial Resources

General Funds

Community Development Block Grants

Capital Improvements Project Funding

Authority to Levy Taxes for Specific Purposes

User Fees for Water, Sewer, Gas or Electric Service
Incur Debt through General Obligation Bonds

Incur Debt with Revenue Bonds

Incur Debt through Special Tax Bonds

Incur Debt through Private Activity Bonds
Withhold Public Expenditures in Hazard-Prone Areas
State-Sponsored Grant Programs

Development Impact Fees for Homebuyers or Developers
Other

Accessible or Hligible to Use?
Yes
Yes —Enfilement City
Yes
Yes, with voter approval
Yes—water, sewer, stormwater
Yes, with voter approval
Yes, with voter approval
Yes, with voter approval
Yes, with voter approval or Board of County Commissioners Approval
No
Yes
Yes—System Development Charges

* Possibly—Mational Fire Plan; Ripanan Lands Tax Incentive;
Fisheries Restoration and Enhancement Program
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Table 4-17. Administrative and Technical Capabili

StaffflPersonnel Resources Available? Depariment/Agen
Planners or engineers with knowledge of land development and Yes Bureau of Planning and Sustainability (BPS) -
land management practices Planner
Engineers or professionals trained in building or infrastructure Yes BPS—Planner; Portland Bureau of Transportation
construction practices (PBOT)—City Engineer, PWB — Chief Engineer,

BES — Chief Engineer
Planners or engineers with an understanding of natural hazards Yes PBEM — Planner, PWE, PBOT & BES

Staft with training in benefit/cost analysis Yes Business Services/Watershed Services/Engineering
Senvices, PWB — Engineenng Planning

Surveyors (Not certified) Yes Watershed Services/Engineering Services, PWB —
Engineerning

Staft capable of making substantial damage estimates Yes BDS—ACT-20 Certified Engineers/Architects, PWB
— Engineenng

Personnel skilled or trained in GIS applications Yes CGIS; BPS; other bureaus with GIS experts

Scientist familiar with natural hazards in local area Yes DOGAMI; USGS; PSU Geology Department; NWS

Emergency manager Yes PBEM — Director, PWB Emergency Manager

Grant writers Yes PWB-Engineering; BES—Program Manager;
PBEM—Planner; BPS - Planner

Otherd Yes Building Codes Division (BCD) Post-Earthquake
Inspection Program

Cascadia Regional Earthquake Workgroup
Community Rating System Users Group

DEQ Emergency Response Program

Drought Council

Energy Facility Sifing Counci

Hazard Mitigation Grant Review Board
Oregon Board of Geologist Examiners
Oregon Emergency Management Association
Oregon Lidar Consortium

Oregon Seismic Safety Policy Advisory Committee
Pacific Northwest Seismograph Network
Pacific Morthwest Wildfire Coordinating Group
State Interagency Hazard Mitigation Team
Water Resources Dam Safety Program
Metropolitan Services District

Regional Emergency Management Group
Mulinomah County Emergency Management
Mulinomah County Drainage District

a. Many of these are state programs and resources that are described in detail in the 2075 Oregon Natural Hazards Mitigation Plan.
Others are regional agencies and resources connected to hazard mitigation planning.
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Table 4-18. Education and Outreach
Criterion Response
Do you have a Public Information Officer or Communications Otfice? Yes — PBEM Public
Information Officer and Senior
Community Outreach &
Information Representative
Do you have personnel skilled or trained in website development? Yes- Bureau of Technology
Services (BTS), Business
Solutions! eGovernment
Do you have hazard mitigation information available on your website? Yes
If yes, please briefly describe: - Resources and links to hazard information
Mitigation Action Plan website and related information

Do you utilize social media for hazard mitigation education and outreach? Yes

If yes, please briefly describe: - PBEM uses Twitter, Facebook, and NextDoor to communicate with the public about hazard mitigafion
topics.

Do you have any citizen boards or commissions that address issues related to hazard mitigation? Yes

If yes, please brieffy spedify:  Unreinforced Masonry Seismic Retrofit Project

Mitigation Action Plan Working Group (forthcoming)
Do you have any other programs already in place that could be used to communicate hazard- Yes
related information?
If yes, please briefly desaibe: - Neighborhood Emergency Teams (NETs)

Community Engagement Liaisons (CELs)

Mutual Assistance Associations

See also key stakeholders and networks in Appendix G
Do you have any established warning systems for hazard events? Yes
If yes, please briefly describe: - Portland and Mulinomah County PublicAlerts system

Table 4-19. Community Classifications

: Date Classified
Community Rating System Yes ] May 1, 2016
Building Code Effectiveness Grading Schedule Yes 22 December 2014
Public Protection Yes 2 Last rating Movember 2015
Storm Ready No WA N/A
Firewise No WA MN/A
TETRA TECH
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5. HAZARDS AND COMPOUNDING FACTORS

5.1 IDENTIFIED HAZARDS OF CONCERN

Hazard mitigation planning uses all available information to determine what types of disasters may
affect a junisdiction, how often they can occur, and their potential severity. For this plan, the Steering
Committee considered the full range of natural hazards that could impact Portland and then identified
hazards that present the greatest concemn. The process incorporated review of state and local hazard
planning documents, as well as information on the frequency, magnitude, and costs associated with
hazards that have impacted or could impact Portland. Anecdotal information regarding natural hazards
and the perceived vulnerability of Portland's assets to them was also used. Based on the review, this
plan addresses the following hazards of concern:

Severe weather
Earthquake

« Landslide
Wildfire
Flood
Volcanic activity
Dam failure

* Drought

All hazards identified as impacting the region in which Portland is located (Region 2) in the Oregon
MNatural Hazards Mitigation Plan were included in the assessment. The steering committee elected to
discuss windstorms and winter storms under the broader category of severe weather.

In addition the Steering Committee determined that information on space weather should be provided in
the plan, although there was not enough information currently available for a full risk assessment. As a
result, space weather is addressed as an emerging hazard of concern in this plan.

It is important to note that with the exception of dam failure, technological hazards (e.g., hazardous
material incidents) and human-caused hazards (e.g., terrorist acts) are not addressed in this plan. Dam
failure was selected for inclusion to enhance the Community Rating System (CR5) aspects of this plan,
and because the dam failure hazard shares many similarities in modeling and risk assessment with
other natural hazards of concemn that other human or technological hazards do not.

In addition to the eight hazards of concern and one emerging hazard of concern, the Steering
Committee considered including three additional hazards: air quality, erosion, and invasive species.
Two of these hazards, erosion and invasive species, were assessed as hazards of concem in the 2010
natural hazard mitigation plan. After discussion and deliberation, the committee elected to discuss
these hazards, along with climate change, as secondary hazards of concemn or compounding factors.
These hazards are discussed below and in the risk assessment profiles of each hazard of concemn, as
appropriate.
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5.2 COMPOUNDING FACTORS AND SECONDARY HAZARDS

This section of the MAP looks at conditions that contnbute to or result from hazard events:

« Compounding factors are charactenstics of an area that can contribute to the likelihood or
severity of a hazard event's occurrence.

= Secondary hazards are impacts that result from a hazard event in a more indirect way than the
immediate hazard effects.

Some local conditions can both contribute to and result from a hazard. Table 5-1 shows how identified
compounding factors and secondary hazards relate to the hazards of concern evaluated in this plan.
The following sections provide further detail on each. The risk assessment for each hazard of concemn
addresses the compounding factors and secondary hazards specific to that hazard.

Table 5-1. Relationship Between Hazards, Compounding Factors, and Secondary Hazards
Related Hazards of Concem

Compounding Factor

Climate Change Dam failure, drought, flood, landslide, severe Volcanic activity, wildfire
weather, wildfire
Air quality Severe weather Volcanic activity, wildfire
Erosion Landslide Dam failure, drought, flood, landslide, severe weather,
wildfire

Invasive species Flood, landslide, wildfire

9.2.1 Climate Change

What is Climate Change?

Climate, consisting of patterns of temperature, precipitation, humidity, wind, and seasons, plays a
fundamental role in shaping natural ecosystems and the human economies and cultures that depend
on them_ “Climate change” refers to changes in these pattemns over a long period of time. Worldwide,
average temperatures have increased 1.4°F since 1880 (NASA, 2015). Although this change may
seem small, it can lead to large changes in climate and weather.

The warming trend and its related impacts are caused by increasing concentrations of carbon dioxide
and other greenhouse gases in the earth’s atmosphere. Greenhouse gases are gases that trap heat in
the atmosphere, resulting in a warming effect. Carbon dioxide is the most commonly known
greenhouse gas; however, methane, nitrous oxide and fluorinated gases also contribute to warming.
Emissions of these gases come from a variety of sources, such as the combustion of fossil fuels,
agricultural production, changes in land use, and volcanic eruptions. According to the U.S.
Environmental Protection Agency (EPA), carbon dioxide concentrations measured about 280 parts per
million (ppm) before the industrial era began in the late 1700s and have risen 43 percent since then,
reaching 399 ppm in 2014 (see Figure 5-1). Furthermore, scientists are able to place this rise in carbon
dioxide in a longer historical context through the measurement of carbon dioxide in ice cores. According
to these records, carbon dioxide concentrations in the atmosphere are the highest that they have been
in 650,000 years (NASA, 2016). According to NASA, this trend is of particular significance “because
most of it is very likely human-induced and [it is] proceeding at a rate that is unprecedented in the past
1,300 years” (NASA, 2016). There is broad scientific consensus (97 percent of scientists) that climate-
warming trends are very likely due to human activities (NASA, 2016). Unless emissions of greenhouse

59 TETRA TECH



37242

The Mitigation Action Plan Hazards and Compounding Factors

gases are substantially reduced, this warming trend and its associated impacts are expected to
continue.
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Data source: Compilation of 10 undedying datasets. See www.epa.gov/dimatechange/indicators/ghg/ghg-concentrations.htmi
for specific information.

For more information, visit U.5. EPA’s "Climate Change Indicators in the United States” at www.epa.gow/climatechange/indicators.

Figure 5-1. Global Carbon Dioxide Concentrations Over Time

Climate change will affect the people, property, economy and ecosystems of the City of Portland in a
variety of ways. Climate change impacts are most frequently associated with negative consequences,
such as increased flood vulnerability or increased heat-related illnesses/public health concemns;
however, other changes may present opportunities. The most important effect for the development of
this plan is that climate change will have a measurable impact on the occurrence and severity of natural
hazards.

How Climate Change Affects Hazard Mitigation

An essential aspect of hazard mitigation is predicting the likelihood of hazard events in a planning area.
Typically, predictions are based on statistical projections from records of past events. This approach
assumes that the likelihood of hazard events remains essentially unchanged over time. Thus, averages
based on the past frequencies of, for example, floods are used to estimate future frequencies: if a niver
has flooded an average of once every 5 years for the past 100 years, then it can be expected to
continue to flood an average of once every 5 years.

For hazards that are affected by climate conditions, the assumption that future behavior will be
equivalent to past behavior is not valid if climate conditions are changing. As flooding is generally
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associated with precipitation frequency and quantity, for example, the frequency of flooding will not
remain constant if broad precipitation patterns change over time. Specifically, as hydrology changes,
storms currently considered to be a 1-percent-annual-chance event (100-year flood) might strike more
often, leaving many communities at greater nsk. The risks of drought, landslide, severe storms,
extreme heat, and wildfire are all affected by climate patterns as well. For this reason, an understanding
of climate change is pertinent to efforts to mitigate natural hazards. Information about how climate
patterns are changing provides insight on the reliability of future hazard projections used in mitigation
analysis. This section summarizes current understandings about climate change in order to provide a
context for the recommendation and implementation of hazard mitigation measures. Expected impacts
of climate change on the frequency or severity of each hazard of concern is assessed in the risk
assessment presented in Chapter 7 through Chapter 10.

Current Indications of Climate Change

The major scientific agencies of the United States and the world—including the National Aeronautics
and Space Administration (NASA), the National Oceanic and Atmosphenc Administration (NOAA) and
the Intergovernmental Panel on Climate Change (IPCC)—agree that climate change is occurring.
Multiple temperature records from all over the world have shown a warming trend, and the IPCC has
stated that the warming of the climate system is unequivocal (IPCC, 2014). Of the 10 warmest years in
the 134-year record, all but one (1998) occurred since 2000, and 2015 was the warmest year on record
(NASA, 2016). Worldwide, average temperatures have increased 1.4°F since 1880 (NASA, 2016).

Rising global temperatures have been accompanied by other changes in weather and climate. Many
places have experienced changes in rainfall resulting in more intense rain, as well as more frequent
and severe heat waves (IPCC, 2014). The planet’s oceans and glaciers have also experienced
changes: oceans are warming and becoming more acidic, ice caps are melting, and sea levels are
rising (NASA, 2016). Global sea level has risen approximately 6.7 inches, on average, in the last 100
years (NASA, 2016). This has already put some coastal homes, beaches, roads, bridges, and wildlife at
risk (USGCRP, 2009).

NASA currently maintains information on the vital signs of the planet. At the time of the development of
this plan, the following trends and status of these signs are as follows (NASA, 2016):

 Carbon Dioxide—Increasing trend, currently at 40328 parts per million

* Global Temperature—Increasing trend,, increase of 1.4 degrees Fahrenheit since 1880
* Arctic lce Minimum—Decreasing trend, 13.4 percent per decade

* Land Ice—Decreasing trend, 287 .0 billion metric tons per year

= 5Sea Level—Increasing trend, 3.4 mm per year.

Projected Future Impacts

The Third National Climate Assessment Report for the United States indicates that impacts resulting
from climate change will continue through the 21st century and beyond. Although not all changes are
understood at this time and the impacts of those changes will depend on global emissions of
greenhouse gases and sensitivity in human and natural systems, the following impacts are expected in
the United States (NASA, 2016):

Temperatures will continue to rise
Growing seasons will lengthen
Precipitation patterns will change
Droughts and heat waves will increase
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* Hurricanes will become stronger and more intense
* Sea level will rise 1-4 feet by 2100
* The Arctic may become ice free.

The 2015 Climate Action Plan states that the primary risks facing Multnomah County and the City of
Portland (2015) include:
* Hotter, drier summer with more high-heat days

# Increased temperatures (both day and night) and frequency of high heat days
# Increased incidence of drought
# Increased wildfire frequency and intensity

« Warmer winters with the potential for more intense rain events

# Increased incidence and magnitude of damaging floods
# Increased incidence of landslides.

Responses to Climate Change

Communities and governments worldwide are working to address, evaluate and prepare for climate
changes that are likely to impact communities in coming decades. Generally, climate change
discussions encompass two separate but inter-related considerations: mitigation and adaptation. The
term “mitigation” can be confusing, because it's meaning changes across disciplines:

= Mitigation in restoration ecology and related fields generally refers to policies, programs or
actions that are intended to reduce or to offset the negative impacts of human activities on
natural systems. Generally, mitigation can be understood as avoiding, minimizing, rectifying,
reducing or eliminating, or compensating for known impacts (CEQ, 1978).

= Mitigation in climate change discussions is defined as “efforts to reduce carbon emissions in
order to slow climate change” (Multnomah County and the City of Portland, 2015). It includes
strategies to reduce greenhouse gas sources and emissions and enhance greenhouse gas
sinks.

= Mitigation in emergency management is typically defined as the effort to reduce loss of life and
property by lessening the impact of disasters (FEMA, 2013).

In this section, mitigation is used as defined by the climate change community. In the other chapters of
this plan, mitigation is primarily used in an emergency management context.

Adaptation is defined by the IPCC as “the process of adjustment to actual or expected climate and its
effects. In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial
opportunities, In some natural systems, human intervention may facilitate adjustment to expected
climate and its effects” (IPCC, 2014).

Mitigation and adaptation are related, as the world’s ability to reduce greenhouse gas emissions will
affect the degree of adaptation that will be necessary. Some initiatives and actions can both reduce
greenhouse gas emissions and support adaptation to likely future conditions. Portland and Multnomah
County’s Climate Action Plan includes actions to reduce carbon emissions as well as actions to prepare
for impacts.
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5.2.2 Air Quality

Air quality can be impacted by a variety of natural and non-natural sources. Air pollution can come from
human-created stationary sources such as factories, human-created mobile sources such as planes
and automobiles, and naturally occurring sources such as volcanic eruptions and dust storms. The EPA
defines air pollution as “the presence of contaminants or pollutant substances in the air that interfere
with our health or welfare, or produce other harmful environmental effects.” The Oregon Department of
Environmental Quality (DEQ) is the state administrative agency charged with preserving and enhancing
Oregon’s air quality to support healthy, clean air for all Oregonians (Oregon DEQ), 2016).

The natural dispersal of air pollutants in Portland is inhibited by interactions of topography and climate.
Portland is in a valley with mountains on either side, which limits the ability of winds to disperse
pollutants horizontally across areas as they might in a flatter landscape. This is particularly of concemn
during the summer when winds tend to be lighter and from the north. This lack of dispersal is intensified
when the vertical mixing of air is inhibited by an inversion—when warm air is found at higher elevations
than cool air. Inversions are common in all seasons In Portland and in western Oregon (Johnson,
1987). Figure 5-2 illustrates the relationship between inversions and air quality during winter, when
inversions tend to be strongest (NWS5, 2016).

According to DEQ, Portland’s air meets all federal air quality health standards for the six principal
pollutants regulated under the Clean Air Act: carbon monoxide, ozone, particulate matter, nitrogen
oxides, sulfur oxides and lead (Oregon DEQ, 2016). DEQ notes that in recent years concerns have
been raised regarding air toxics in Portland. Air toxics are defined as air pollutants known or suspected
to cause cancer and come from a variety of sources (cars, consumer products, burning, etc.). No
federal standards currently exist for these toxics. The air quality discussion in the MAP is not primarily
concerned with controlling or eliminating sources of regulated or non-regulated air pollution. The
discussion for this plan is limited to air pollution as a secondary hazard or compounding factor as it
relates to natural hazard mitigation.

Air quality forecasts and current conditions can be viewed online at AirNow:

https://www_airnow.gov/index_cfm?action=aimow.local city&cityid=160

5.2.3 Erosion

The 2010 NHMP assessed erosion as a hazard of concern; however, the plan states that the
magnitude and severity of erosion in the City are ‘'negligible’ and that erosion occurrences are typically
secondary events that are directly linked to other hazard events. Because of this assessment, the 2016
Steering Committee elected to address erosion as a secondary hazard or compounding factor as
appropnate in the MAP.

General Background

The city experiences annual rain and wind events that impact river shorelines combined with landslides
and debrnis flows within the watersheds, loss of plant cover in riparian areas and river-traffic-induced
erosion. During severe storm events riverine erosion is magnified due to increased volume and velocity
of the water flow. Erosion is a problem in developed areas where the disappearing land threatens
development and infrastructure.
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Source: NWS, 2016

Calm winds and the inversion result in poor air quality.

@ The winter sun, low in the sky,
supplies less warmth to the Earth’s surface.

@) Warmer air aloft acts as a lid
and holds cold air near the ground.

© Pollution from wood fires and cars are

trapped by the inversion.
o @ Mountains can increase the

strength of valley inversions

e 0]

Figure 5-2. Impact of Inversion on Air Quality

There are two main types of erosion that affect human activity in Portland (NHMP, 2010).

Riverine erosion results from the force of flowing water in and adjacent to river, creek, and
tnbutary channels. This erosion affects the bed and banks of the channel and can alter or
preclude any channel navigation or embankment development. In less stable braided channel
reaches, erosion and material deposition are a constant issue. In more stable meandering
channels, episodes of erosion may only occur occasionally.
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* Wind erosion occurs when wind removes, moves and re-deposits soil. It can cause a loss of
topsoil, hindering agricultural production. Blowing dust can also reduce visibility and have a
negative effect on air quality (NHMP, 2010).

Runoff from rain cuts rills (channels) and gullies, while wind can strip soil from wide areas. Both types
of erosion can move large amounts of sediment, sometimes far from the original site of soil disturbance
(NHMP, 2010).

Four main factors influence erosion (NHMP, 2010):

* So0il erodibility—Fine soils, impermeable soils and soils lacking organic material tend to be
more erodible.

* Vegetative cover—\Vegetation shields soil from rainfall and wind, increases infiltration, slows
runoff velocities, and retains soil moisture for later plant use between rainstorms.

* Topography—Long, steep slopes increase runoff amounts and velocities and therefore tend to
increase erosion.

* Weather—The frequency, intensity, and duration of rainfall influence sediment release
amounts. Sediment from disturbed soils can move into neighboring properties, streets, drainage
systems and other bodies of water. Excessive sediment damages the functions of both
stormwater sewers and natural watersheds (City of Portland, 2008b as cited in NHMP, 2010).

The City has identified riverine erosion areas along its rnivers, creeks and tributaries. Erosion of any type
rarely causes death or injury. However, erosion can cause significant destruction to property and
infrastructure.

The following descriptions provide a brief overview of historic erosion events in the city (NHMP, 2010):

* Riverine erosion in local creeks occurred with minimal damage as culverts were filled and
backed-up during the 1964 flood event.

« Wildfires in 2000 and 2001 removed vegetation that had stabilized hillsides. Subsequent erosion
damage occurred during rain and snowmelt runoff events.

= Severe weather brings snow, rain and wind impacts to the city. Historical severe weather events
surpassed the soil and the built environment’s capacity to absorb or manage run-off, which
results in erosion damage.

Location

Portland has many streams flowing down canyons in its hilly terrain. The intensity of the flow in the
streams during the rainy season causes erosion to the banks. All nvers and creeks are subject to
erosion. The city has two rivers and multiple streams and creeks. Some of those streams and rivers
that are potentially threatened by erosion include: the Columbia and Willamette Rivers, Johnson, Tryon
and Fanno Creeks; and the Columbia Slough. Hillside creeks are subject to erosion as a result of runoff
caused by rain or melting snow pack (NHMP, 2010).

A variety of natural and human-induced factors influence the erosion process within the community.
River onentation and proximity to upstream and downstream river bends can influence erosion rates.
Embankment (earth or rock piled to keep back water or support a road) composition also influences
erosion rates, (sand and silt will erode easily, whereas boulders or large rocks are more erosion
resistant). Other factors that may influence riverine erosion include (NHMP, 2010):

* Geomorphology (land formations)
* Amount of encroachment in the high hazard zone
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* Proximity to erosion-inducing structures
» Nature of the topography

* Density of development

* Structure types along the embankment
= Embankment elevation.

Erosion along the banks of the nvers and streams in the city is generally caused by a combination of
factors; the natural process of a watercourse to find the path of least resistance; debns flows within the
watershed; loss of ripanian area plant cover; logging, wildfires, increased boat traffic close to the
shoreline, and runoff from rainfall. While erosion has been identified as occurring within the city, few
events have been reported that resulted in substantial damage.

Current Erosion Plan

The 2008 Erosion and Sediment Control Manual is a key reference for actions to be taken to mitigate
erosion in development and maintenance situations. This plan describes vulnerability as not only in
riverine areas, but any location where land is being moved and therefore impacts the natural areas.

Title 10 and this Erosion Control Manual apply to all ground-disturbing activities, whether or not a
permit is required, unless such activities are otherwise exempted by Portland City Code.

Site planning and good site control are best practices that can be used to prevent discharges from a
development site. The manual emphasizes careful planning and erosion prevention. Undisturbed
groundcover must be retained whenever possible. This emphasis is particularly important in the Pacific
MNorthwest immediately before and during the rainy season, when it is difficult to establish vegetation
and the intense rains have high erosion potential.

9.2.4 Invasive Species

Invasive species was addressed as a hazard of concern in the 2010 natural hazard mitigation plan. It
was the position of the 2016 Steering Committee that the hazard be assessed as a secondary hazard
and compounding factor as appropriate in the MAP.

General Background

Invasive plants are those species that spread at such a rate that they cause harm to human health and
the environment. In general, most invasive plants are non-native species, however, not all non-native
plants are invasive (City of Portland, 2009 as cited in NHMP, 2010).

Invasive plants have been introduced into an environment in which they did not originate. They lack
natural enemies, grow and reproduce quickly and are able to thrive in a wide variety of conditions.
These characteristics allow plants to invade new habitats and out-compete natives, resulting in dense
thickets of a single plant species. Dense thickets of invasive plants limit native plant diversity which in
turn reduces food and shelter for wildlife. Invasive plants are the second leading cause of species
extinction. Many invasive plants have shallow root systems that provide limited erosion control. Invasive
plants also shade out native seedlings resulting in fewer trees. Less shade creates higher water
temperatures, reducing oxygen for fish and other agquatic animals. Reduced tree cover also reduces
storm water interception and absorption of C0; which interferes with the stabilization of the earth’s
temperature (NHMP, 2010). Invasive aquatic plants can decrease stormwater conveyance or cause
debris blockages, increasing flood risk.
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The City of Portland Bureau of Planning and Sustainability has developed lists of native, nuisance and
prohibited plants. All of the species on the City’s nuisance list and all of the species on its prohibited list
are considered invasive plants. A native plant is a species that was likely found historically (prior to
European settlement) in the Portland area. Nuisance plants are considered harmful to humans and
plants and have a tendency to dominate plant communities (NHMP, 2010).

Arrival and Impacts

Most invasive plants armived in Oregon through intentional introductions, however, in most cases, the
uncontrolled spread was not anticipated. The number of new introductions has increased consistently
with global trade and travel. Most invasive plant introduction pathways are human induced; the plants
and their seeds travel on cars, trains, heavy equipment, boats, shoes and pets. The plants tend to
become established along transportation corridors such as roads, utility easements, trails, parks and
ports of entry. Humans also introduce new invasive plants through the nursery trade and gardening.
Invasive plants are also transported through ecological pathways such as wind, wildlife, streams and
other waterbodies. Land management practices such as mowing or constant soil disturbance also
facilitate the establishment of and persistence of invasive plants (NHMP, 2010).

The following descriptions provide a brief overview of how invasive species have affected
environmental health historically in the city (NHMP, 2010):

« Water quality—reduction in soil stability and of canopy diversity from invasive species results in
increased stream temperatures and increased erosion.

» Biodiversity—rapid spread of invasive plant species creates monocultures by displacing native
plants or by preventing their growth and establishment (which has affected water and air quality
and stabilization of stream banks).

* Habitat—simplification of a plant community structure by an invasive plant monoculture reduces
fish and wildlife habitat.

* Tree Cover—invasive cover in the shrub and groundcover layer prevents a natural forest
regeneration processes.

* So0il Health—soils altered through allelopathy (the process of releasing chemicals that alter the
soil chemistry and soil fungal processes thereby inhibiting the growth of neighboring plants, by
another plant).

= Wildfire—some invasive plant species act as “fuel ladders” which facilitate the ability of a fire to
travel into the tree canopy of conifers. Presence of invasive species makes the fire hotter, more
difficult to control and more likely to continue to spread.

 Stormwater—forming monocultures, invasive species often preclude the establishment of
native vegetation and tree canopy, altering vegetation cover types which can result in reduced
stormwater interception by trees (City of Portland, 2008a as cited in NHMP, 2010).

Extensive infestations of invasive vines can also be implicated in multiple natural hazards. Trees
overburdened with ivy or clematis vines are commonly found alongside several important traffic
corridors in the city (Hwy. 26, Hwy. 30, Germantown Road). These overburdened trees are unstable
and are often uprooted during rain or snow events and fall across power lines or roadways. When
found on step unstable slopes these infested trees can be blown down and become involved in
localized landslides (NHMP, 2010).

Fungal infestations can damage the health of native vegetation and contribute to increased wildfire nisk.
Swiss needle cast is a fungal disease affecting Douglas fir forests in Oregon, predominantly over the
past 20 years. Although the fungus is native to Oregon, its detrimental impact may be increasing due to
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rising spring and summer temperatures (Black et al., 2010) Douglas fir is one of the prominent tree
species in Forest Park. A decline in the health of Forest Park’s trees due to Swiss needle cast could
contribute to increased fuel loads and combustibility, leading to greater risk and severity of wildfires in
Portland. (Weiskittel et al_, 2004).

For more information on invasive species in Portland, please visit the Bureau of Environmental
Services Invasive Species Management website:

https:/iwww_portlandoregon.gov/bes/45696
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6. RISK ASSESSMENT METHODOLOGY

In hazard mitigation planning, risk is defined as the potential for damage, loss, or other impacts created
by the interaction of natural hazards with community assets (see Figure 6-1).

Figure 6-1. Risk in Hazard Mitigation

Risk assessment is the process of measuring the potential loss of life, personal injury, economic injury,
and property damage that can result from natural hazards. It allows emergency management personnel
to establish planning and response priorities by identifying potential hazards and vulnerable assets. The
process focuses on the following elements:

= Vulnerability identification—Identify the people, property, environment, economic assets, and
lands of Portland that could experience loss from natural hazard events.
= Cost evaluation—Estimate the cost of potential damage or the cost that could be avoided by

taking steps to mitigate the risk.

6.1 OVERALL RISK ASSESSMENT METHODOLOGY

The risk assessments in Chapters 7 through 15 of this plan evaluate the risk of all identified hazards of
concern prevalent in Portland. Each chapter descnbes the hazard, Portland’s exposure and
vulnerability, and probable event scenarios, meeting the requirements of the DMA (44 CFR, Section
201.6(c)(2)). The planning team reviewed existing studies, reports and technical information to
determine the best available data to use in the risk assessment (44 CFR, Section 201.6(b)(3)).
Information from these sources was incorporated into the hazard profiles and forms the basis of the
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exposure and vulnerability assessment. The following steps were used to assess the risk of each
hazard:

* Profile each hazard—The following information is given for each hazard:

Summary of past events

Geographic area most affected by the hazard

Event frequency estimates

A discussion of the severity of the hazard event

Warning time likely to be available for response

Secondary hazards or compounding factors associated with or resulting from the hazard
of concern

# Future development that may impact risk

» Worst-case event scenario

» Key issues related to mitigation of the hazard in Portland.

YVV¥V¥YVYY

* Determine exposure to each hazard—Exposure was determined by overaying hazard maps
with demographic information and an inventory of structures, facilities and systems to determine
which of them would be exposed to each hazard. The best available data was used to delineate
the area of effect for each hazard. Data available in a Geographic Information System (GIS)-
compatible format with coverage of the full extent of Portland was preferred when available.

* Assess the vulnerability of exposed assets—Vulnerability of exposed structures and
infrastructure was determined by interpreting the probability of occurrence of each event and
assessing the potential level of damage to structures, facilities, and systems exposed to each
hazard. Vulnerability of populations is generally discussed qualitatively, although some model
outputs are used to describe quantitatively the number of people vulnerable to the hazard event.
FEMA's hazard-modeling program, Hazus-MH was used to perform this assessment for some
hazards; GlS-based spatial analyses or qualitative assessments were used for others.

6.2 MAPPING

Mational, state and local spatial databases were reviewed for this planning effort. Maps were produced
using GI5 software to show the spatial extent of identified hazards when such data was available.
These maps are included in the hazard profile chapters of this document. Maps at the reporting-area
scale are included in Appendix E. Information on the data sources and methodologies used for hazard
mapping is provided in Appendix F.

6.3 ASSESSING DAM FAILURE, EARTHQUAKE, FLOOD

6.3.1 Overview of FEMA’s Hazus-MH Software

FEMA developed the Hazards U.S_, or Hazus, model in 1997 to estimate losses caused by
earthquakes. Hazus was later expanded into a multi-hazard methodology, Hazus-MH, with new models
for estimating potential losses from hurmicanes and floods. Hazus-MH is a GlS-based software program
used to support risk assessments, mitigation planning, and emergency planning and response. The
program maps and displays hazard data and the results of damage and economic loss estimates for
buildings and infrastructure. The use of Hazus-MH for hazard mitigation planning offers numerous
advantages:

* Provides a consistent methodology for assessing risk across geographic and political entities.
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Provides a way to save data so that it can readily be updated as population, inventory, and
other factors change and as mitigation planning efforts evolve.

Facilitates the review of mitigation plans because it helps to ensure that FEMA methodologies
are incorporated.

Supports grant applications by calculating benefits using FEMA definitions and terminology.
Produces hazard data and loss estimates that can be used in communication with local
stakeholders.

Is administered by the local government and can be used to manage and update a hazard
mitigation plan throughout its implementation.

6.3.2 Levels of Detail for Evaluation

Hazus-MH provides a wide range of inventory data, such as demographics, building stock, cntical
facilities, transportation and utility lifeline, and multiple models to estimate potential losses from natural
disasters. The software’s default data for inventory, vulnerability and hazards can be supplemented
with local data to allow a more refined analysis. The model can carry out three levels of analysis,
depending on the format and level of detail of information about Portland:

Level 1—A Level 1 analysis estimates losses using only the software’s default data. This data is
derived from national databases and describes in general terms the characteristic parameters of
a planning area.

Level 2—A Level 2 analysis produces more accurate estimates of losses by supplementing the
software’s default data with detailed information in a GIS format about local geology, hydrology,
hydraulics, building inventory, utilities and critical facilities.

Level 3—This level of analysis generates the most accurate estimate of losses. It requires
detailed engineering and geotechnical information to customize it for a local planning area.

6.3.3 Application for This Plan

The Hazus-MH model was used as follows for the hazards evaluated in this plan:

Flood—A Level 2 analysis was performed for general building stock and for cntical facilities and
infrastructure. The effective Digital Flood Insurance Rate Map (DFIRM) for Portland was used to
delineate flood hazard areas and estimate potential losses from the 10-, 100- and 500-year
flood events. The effective DFIRM assumes the continued protection of FEMA-certified flood
control levees and does not include residual exposure. Using the DFIRM floodplain boundaries
and base flood elevation data and the City’'s 3-foot digital elevation model data, flood depth
grids were generated and integrated into the Hazus-MH model. To estimate damage that would
result from a flood, Hazus uses pre-defined relationships between flood depth at a structure and
resulting damage, with damage qgiven as a percent of total replacement value. Curves defining
these relationships have been developed for damage to structures and for damage to typical
contents within a structure. By inputting flood depth data and known property replacement cost
values, dollar-value estimates of damage were generated.

Dam Failure—The basis for this analysis was dam failure inundation mapping for Mt. Tabor
Reservoirs 1, 5, and 6, and Washington Park Reservoirs 3 and 4. Inundation depth grids were
created using inundation area boundaries and the City's 3-foot digital elevation model. The
depth grids were imported into Hazus-MH and a Level 2 analysis was run using the flood
methodology described above. Inundation area boundaries were not available for Portland's
flood control levees at the time of this analysis.
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» Earthquake—A Level 2 analysis was performed to assess earthquake risk and exposure.
Earthquake shake maps and probabilistic data prepared by the U.S. Geological Survey (USGS)
were used for the analysis of this hazard. National Earthquake Hazard Reduction Program
(NEHRP) soils, liquefaction susceptibility and landslide susceptibility data were also integrated
into the Hazus-MH model. Two scenario events and two probabilistic events were modeled:

# The scenario events were a Magnitude-9.0 event on the Cascadia Subduction Zone and
a Magnitude-6.5 event on the Portland Hills Fault.
# The standard Hazus analysis was run for the 100- and 500-year probabilistic events.

6.4 ASSESSING LANDSLIDE, SEVERE WEATHER, VOLCANO, WILDFIRE

For landslide, severe weather, volcano and wildfire, historical data was not adequate to model future
losses. However, areas and inventory susceptible to some of the hazards of concern were mapped by
other means and exposure was evaluated. For other hazards, a qualitative analysis was conducted
using the best available data and professional judgment.

6.5 ASSESSING DROUGHT

The risk assessment methodologies used for this plan focus on damage to structures. Because drought
does not impact structures to the same degree as other hazards, the risk assessment for drought was
more limited and qualitative than the assessment for the other hazards of concemn.

6.6 ASSESSING SPACE WEATHER

Space weather is identified in this plan as an emerging hazard of concemn; therefore, a detailed nisk
assessment of the hazard was not conducted. Additional information pertaining to risk from the space
weather hazard will be monitored over the performance period of the plan; the potential for conducting
a detailed nisk assessment will be evaluated at the next plan update.

6.7 ASSESSING SOCIAL VULNERABILITY

Several demographic variables were extracted from the U_S. Census Bureau's American Community
Survey database: total population, population under 15 years of age, population over 65 years of age,
white population, people of color, total housing units, occupied housing units, owner-occupied housing
units, renter-occupied housing units, total families, families below the poverty line, total households,
and households speaking limited English. The number of people affected by a hazard in each
demographic subset was first estimated for small areas called block groups, which are defined in the
Census data:

* For each block group, the number of residential structures within the defined hazard zone was
divided by the total number of residential structures in the block group.

* The resulting multiplier was applied to the population of each demographic subset in that block
group to estimate the impacted number of people in each subset in each block group.

* The impacted populations of all block groups in a reporting area were totaled to get the
impacted number of people in each subset in each reporting area.
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6.8 DATA SOURCES, LIMITATIONS AND GAPS

6.8.1 Building Counts and Replacement Cost Value

The Hazus-MH modeling used GlS-based data on structure type, number and replacement cost. When
available, an updated inventory was used in place of the Hazus-MH defaults for crtical facilities and
infrastructure. Replacement cost is the cost to replace an entire structure with one of equal quality and
utility. It is based on industry-standard cost-estimation models published in RS Means Square Foot
Costs (RS Means, 2015). Replacement cost of a structure is estimated based on its Hazus occupancy
class (e.g., multi-family residential, commercial retail trade) and its square footage as indicated in the
building data. For single-family residential, the construction class and number of stories also factor into
the square foot costs.

6.8.2 Data Used for Spatial Analysis

Table 6-1 describes the data used for spatially based exposure and vulnerability assessments. If no
database was available, it was noted as a gap (see Section 6.8.3).

6.8.3 Limitations and Data Gaps

General Limitations

Loss estimates, exposure assessments and vulnerability evaluations rely on the best available data and
methodologies. However, results are subject to uncertainties associated with the following factors:

* Incomplete scientific knowledge about natural hazards and their effects on the built environment
* Approximations and simplifications necessary to conduct a study

* Incomplete or outdated structure, demographic or economic parameter data

= The vanable nature, geographic extent and severity of each hazard

= Mitigation measures already employed

* The amount of advance notice residents have to prepare for a specific hazard event.

These factors can affect loss estimates by a factor of two or more. Therefore, potential exposure and
loss estimates are approximate and should be used only to understand relative risk.

Despite their limitations, risk assessment techniques are able to indicate the possible extremes of
hazard events. Their findings should be recognized as identification of potential hazard occurrences
rather than as predictions of probable hazard events.

Identified Data Gaps and Specific Limitations

Hazus-MH currently represents the industry best management practice for assessing risk in support of
hazard mitigation planning. However, Hazus and other models used for this risk assessment are limited
by the availability of data to support their working components. Such models must use assumptions
where firm data are not available. Assumptions are used, for example, to estimate ground deformation
caused by liquefaction. These model limitations can lead to an understatement or overstatement of risk.
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Table 6-1. Summary of Data Used for Spatial Analysis
Data Source
Base Map Data  City boundaries, roads, water features, risk reporting areas provided by City of Portland.
General Building Building footprints and associated building information provided by City of Portland Bureau of Planning and
Stock Update Sustainability.
Critical Facility Emergency services (emergency operations centers, fire stafions, medical care faciliies, and police stations) provided
Database by City of Portland and Regional Disaster Preparedness Organization.
Updatea Schools provided by City of Portland.
Transportation systems (airports, bus faciliies, highway bridges, highway tunnels, railway bndges, rail faciliies, and
raitway tunnels) provided by City of Portland and Regional Disaster Preparedness Organization
Light rail bridges, facilifies, and tunnels provided by TriMet.
Port facilities provided by Port of Portland.
Dams provided by Oregon Water Resources Department and the National Inventory of Dams.
Hazardous matenals facilifies provided by the Oregon State Fire Marshall.
Ammories and nuclear reactor facilities provided by the City of Portland Bureau of Emergency Management.
Military facilifies provided by the Regional Disaster Preparedness Organization.
Communications facilities provided by City of Portland and Hazus-MH default data.
Electric power faciliies provided by City of Portland, Regional Disaster Preparedness Organization, and Hazus-MH
default data.
Matural gas facilities provided by Oregon Public Health and Pacific Terminal Services.
Pefroleum facilities provided by Oregon Public Broadcasting, Regional Disaster Preparedness Organization, and
Kinder Morgan.
Potable water faciliies provided by City of Portland Water Bureau.
Wastewater facilifies provided by City of Porland BES.
Prisons provided by Regional Disaster Preparedness Organization.
City-owned essential faciliies, nursing homes and assisted living facilities provided by City of Porfland.
Flood Effecive Digital Flood Insurance Rate Map downloaded from FEMA website.
2014 3-foot resolution digital elevation model provided by City of Portland.
Levee data provided by City of Portland.

Repefifive loss data and active National Flood Insurance Program properties acquired from FEMA and geocoded by
City of Portland.

Earthquake Shake maps for Cascadia M-9.0 and Portland Hills M-6.5 downloaded from USGS website.
Liquefaction susceptibility, landslide susceptibility, National Earthquake Hazard Reduction Program (NEHRP) sails,
and active faults data provided by Oregon Depariment of Geology and Mineral Industnes.

Landslide Requlatory landslide hazard area and historical landslide deposits data provided by City of Portland.

Dam Failure Mt Tabor Reservoirs 1, 5 and 6, and Washington Park Reservoirs 3 and 4 inundation areas data provided by City of
Portland Water Bureau.

Wildfire Wildfire fire hazard data provided by City of Portland.

Volcano Mt. Hood Region volcano hazards data downloaded from USGS Cascade Volcano Observatory (CVO) website.

Demographics  2010-2014 American Community Survey S-year Estimates (block group level) data downloaded from U.S. Census
Bureau website.

Current and Proposed comprehensive plan designations (future land use) data provided by City of Portland Bureau of Planning
Future Land Use and Sustainability.

a. Not all requested data was received, so gaps in the database are present. Future planning efforts will work to address these gaps.
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Appendix G presents findings from an evaluation of the data sources used for the risk assessment. It
identifies gaps and potential impacts on the nisk assessment results. The following are limitations
specific to the datasets used in this planning process:

City of Portland building data lacked certain detailed information, such as first floor elevation, so
Hazus default building information was used. Detailed building information like this plays a
major role in calculating replacement costs and evaluating how structures will behave during
hazard events.

Model data input requirements necessitate the conversion of building footprints into single-point
features. Building locations are represented by single points at the centroid of the building
footprint.

Hazus does not currently have established depth-damage functions for estimating losses to
houseboats during flood events.

The current landslide data was produced at state-level scale. It is in the process of being
updated at a county-level scale, which will be more approprate for future exposure analyses for
the City.

The wildfire data is dated. This data will most likely be updated with LIDAR and new vegetation
data that will improve the level of detail and accuracy.

Mot all crtical facility data was available or complete. Appendix G outlines the specific gaps.
Population estimates are generally based on where people are estimated to reside and do not
take into account where individuals are likely to be at any given point in the day (e.g. school or
work).

Demographic data on persons with disabilities is aggregated at the tract level by the U.S.
Census Bureau. This tract level data could not be used in a meaningful way for estimates for
risk reporting areas.

Potential exposure and vulnerability of linear critical infrastructure may overstate risk, as
elevation and existing mitigation measures were not taken into consideration during the
assessment.
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7. SEVERE WEATHER

7.1 GENERAL BACKGROUND

Severe weather refers to any dangerous
meteorological phenomena with the potential
to cause damage, serious social disruption,
or loss of human life. It includes thermal
extremes, thunderstorms, tormadoes,
windstorms, and winter storms.

The most common severe weather events
that impact Portland are windstorms and
winter storms, although extreme temperature
events are becoming more commaon in recent
years.

7.1.1 Thermal Extremes

Thermal extremes refer to relatively short-
lived weather conditions that produce
unusually hot or unusually cold conditions for
an area. These evenis are deviations from
normal or average seasonal temperatures
and, thus, the threshold for an event varies
based on average or typical conditions for a
given locality. Normal temperatures for
FPortland are shown in Table 4-1 and

Table 4-2.

Excessive Heat Events

Excessive heat events are defined by the
U.S. EPA as “summertime weather that is
substantially hotter and/or more humid than
average for a location at that time of year”
(U.S. EPA, 2006). Heat waves are excessive
heat events that typically last two or more
days. Because extreme heat is relative to the
usual weather in a region, criteria that define
an extreme heat event differ among
Jurisdictions and with the time of year. For
Multnomah County, heat advisory protocols
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Freezing Rain—The result of rain occurring when the
temperature is below the freezing point. The rain freezes on
impact, resulting in a layer of glaze ice up to an inch thick. In
a severe ice storm, an evergreen tree 60 feet high and 30
feet wide can be burdened with up to six fons of ice,
creating a threat to power and telephone lines and
transportation routes.

Heavy Rain—events during which the amount of rain
experienced in a location substantially exceeds what is
normal for the location and season.

Severe Local Storm—Small atmospheric systems,
including tornadoes, thunderstorms, windstorms, ice storms
and snowstorms. Typically, major impacts from a severe
storm are on fransportation infrastructure and utilities. These
storms may cause a great deal of destruction and even
death, but their impact is generally confined to a small area.

Thunderstorm—Typically 15 miles in diameter and lasting
about 30 minutes, thunderstorms are underrated hazards.
Lightning, which occurs with all thunderstorms, is a serious
threat to human life. Heavy rains over a small area in a short
time can lead to flash flooding. Strong winds, hail and
tornadoes are also dangers associated with thunderstorms.

Tormado—Tomadoes are funnel clouds of varying sizes
that generate winds more than 300 miles per hour. A
tornado is formed by the turbulent mixing of layers of air with
contrasting temperature, moisture, density and wind flow.
The mixing layers of air account for most of the tommadoes
occurring in April, May and June, when cold, dry air meets
warm, moister air moving up from the south. They can affect
an area up to a mile wide, with a path of varying length.
Tomadoes can come from lines of cumulonimbus clouds or
from a single storm cloud. They are measured using the
Fuijita Scale ranging from FO to FG.

Windstorm—A storm featuring violent winds. Southwesterly
winds are associated with strong storms moving onto the
coast from the Pacific Ocean. Southem winds parallel to the
coastal mountains are the strongest and most destructive
winds. Windstorms tend to damage ridgelines that face into
the winds.

Winter storm—The National Weather Service defines a
winter storm as having significant snowfall, ice, andfor
freezing rain; the quantity of precipitation varies by
elevation. Heavy snowfall is 4 inches or more in a 12-hour
period, or 6 inches or more in a 24-hour period in non-
mountainous areas; and 12 inches or more in a 12-hour
period or 18 inches or more in a 24-hour period in
mountainous areas.
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are triggered by three consecutive days with an average maximum temperature above 95°F (City of
Portland and Multnomah County, 2014).

Heat Index

Extreme heat events are often a result of ambient air temperature combined with other factors. Heat
index tables (see Figure 7-1) provide information about how hot it feels based on meteorological
conditions. Heat index values are for shady, light wind conditions; full sunshine can increase heat index
values by up to 15°F. Strong winds with hot, dry air also can be hazardous (NWS, 2014a).

Source: Nafional Weather Service/NOAA
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Figure 7-1. Heat Index Chart

Heat Islands

The City of Portland and Multnomah County Climate Change Risk and Vulnerability Assessment (2014)
defines urban heat island effect as “the measureable increase in ambient urban air temperatures
resulting pnimarily from the replacement of vegetation with buildings, roads, and other heat-absorbing
infrastructure.” Heat islands can increase peak summer energy demand, air pollution, greenhouse gas
emissions, heat-related illness and death, and water quality degradation. Portland State University
researchers studying of urban heat island effects (see Figure 7-2) have found differences up to 15%F
between paved and vegetated areas of the City.
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Extreme Cold and Wind Chill

Weather that constitutes extreme cold varies across different parts of the U.5. In regions relatively
unaccustomed to winter weather, near freezing temperatures are considered extreme cold (CDC,
2014). Extreme cold can often accompany severe winter storms. Wind can exacerbate the effects of
cold temperatures by carrying heat away from the body more quickly, thus making it feel colder than is
indicated by the temperature. This phenomenon is known as wind chill. Wind chill is the temperature
that your body feels based on the combination of air temperature and wind speed (CDC, 2014).
Figure 7-3 shows the value of wind chill based on ambient temperature and wind speed.

Source: Nafional Weather Service/NOAA
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Figure 7-3. Wind Chill Chart

7.1.2 Thunderstorms

A thunderstorm is a rain event that includes thunder and lightning. Generally, the presence of three
factors results in thunderstorm formation: moisture, rising unstable air, and a lifting mechanism. The
lifecycle of a thunderstorm (see Figure 7-4) encompasses three stages (NSSL, 2016):

* Developing stage—A cumulus cloud is pushed upward, resembling a tower. Little to no rain is
present, but occasional lightning may occur. This stage generally lasts for about 10 minutes.

= Mature stage—An updraft is still feeding the storm; however, precipitation begins to occur
accompanied by a downdraft. A line of gusty winds is formed by this downdraft and rain-cooled
air. This stage is the most likely time for hail, heavy rain, frequent lightning, strong winds, and
tornadoes.

» Dissipating stage—After large amounts of precipitation, the downdraft becomes stronger than
the updraft and the storm begins to dissipate. Precipitation generally decreases, but lightning
may still be present.
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Source: NOAA, 2015
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Figure 7-4. The Thunderstorm Life Cycle

A thunderstorm is classified as severe when it contains one or more of the following: hail with a
diameter of 1 inch or greater, winds gusting in excess of 50 knots (57.5 mph), or tornado (NSS5L, 2016).

Thunderstorms are usually short in duration (seldom more than 2 hours). Heavy rains associated with
thunderstorms can lead to flash flooding during the wet or dry season. For more information on flooding
see Chapter 11. Strong winds, hail and tornadoes are also dangers associated with thunderstorms.

Lightning
Lightning is an electrical discharge between positive and negative regions of a thunderstorm. A

lightning flash is composed of a series of strokes, with an average of about four. The average duration
of each stroke is about 30 microseconds (GHRC, 2016).

Lightning is one of the more dangerous weather hazards in the United States. Each year, lightning is
responsible for deaths, injuries, and millions of dollars in property damage, including damage to
buildings, communications systems, power lines, and electrical systems. Lightning also causes forest
and brush fires and deaths and injuries to livestock and other animals. Property damage, increased
operating costs, production delays, and lost revenue associated with lightning exceed $6 billion per
year (NLSI, 2008). Impacts can be direct or indirect. People or objects can be directly struck, or
damage can occur indirectly when current passes nearby.

Hail Storms

Hail is defined by the National Weather Service (2009) as “showery precipitation in the form of irregular
pellets or balls of ice more than 5 millimeters in diameter, falling from a cumulonimbus cloud.” Hail
generally ranges from pea-size (0.25 inches) to softball size (4.5 inches) (NWS, 2009).

Hail occurs when updrafts in thunderstorms carry raindrops upward into extremely cold areas of the
atmosphere where they freeze into ice. Super-cooled water may accumulate on frozen particles near
the back-side of a storm as they are pushed forward across and above the updraft by the prevailing
winds near the top of the storm. Eventually, the hailstones encounter downdraft air and fall to the
ground (U.S. Claim Expert, 2016).
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7.1.3 Tornadoes

A tormado is defined by the National Weather Service (2009) as a violently rotating column of air,
usually descending from a cumulonimbus cloud, with circulation reaching the ground. Tornadoes can
come from lines of cumulonimbus clouds or from a single storm cloud. They nearly always start as
funnel clouds and may be accompanied by a loud roaring noise. They can affect an area up to a mile
wide, with a path of varying length.

A tormado is formed by the turbulent mixing of layers of air with contrasting temperature, moisture,
density and wind flow. Tornadoes can occur throughout the year at any time of day but are most
frequent in the spring during the late afternoon. The mixing layers of air account for most of the
tornadoes occurming in April, May and June, when cold, dry air meets warm, moister air.

With the potential for wind speeds exceeding 300 mph, a tornado is the most destructive of all
atmospheric phenomena on a local scale. Figure 7-5, adopted from FEMA, illustrates the potential
impacts and damage from tornadoes of different magnitude. Oregon has a relatively low risk compared
to states in the Midwestern and Southern U_S.

7.1.4 Windstorms

Wind is air flow that travels parallel to the Earth’s topography. High winds are defined as those that last
longer than one hour at 40 mph or greater or wind gusts of 58 mph or greater. Windstorms are
generally short-duration events involving straight-line winds or gusts of over 50 mph, strong enough to
cause property damage. Wind speeds vary with individual storms. Windstorms often accompany snow,
ice and extreme cold temperature during winter months (Wilde, 2009 as cited in NHMP, 2010).

Windstorms are especially dangerous in areas with significant tree stands and areas with exposed
property, poorly constructed buildings, mobile homes (manufactured housing units), major
infrastructure, and above-ground utility lines. A windstorm can topple trees and power lines, cause
damage to residential, commercial and critical facilities, and leave tons of debris in its wake.
Windstorms tend to damage ridgelines that face into the winds.

According to the Oregon Natural Hazard Mitigation Plan (2015), the most frequent and strongest wind
storms impacting the area originate in the Pacific Ocean and travel from the southwest. Eastern winds
that travel through the Columbia River Gorge also have impacts in the area.

7.1.5 Winter Storms

Blizzards and Snowstorms

The National Weather Service defines a winter storm as having significant snowfall, ice and/or freezing
rain; the quantity of precipitation varies by elevation. Heavy snowfall is 4 inches or more in a 12-hour
period, or 6 inches or more in a 24-hour period in non-mountainous areas; and 12 inches or more in a
12-hour period or 18 inches or more in a 24-hour period in mountainous areas.
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Figure 7-5. Potential Impact and Damage from a Tornado
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There are three key ingredients to a severe winter storm:

* Cold Air—Below-freezing temperatures in the clouds and near the ground are necessary to
make snow and/or ice.

* Moisture—Moisture is required in order to form clouds and precipitation. Air blowing across a
body of water, such as a large lake or the ocean, is a typical source of moisture.

» Lift—Lift is required in order to raise the moist air to form the clouds and cause precipitation. An
example of lift is warm air colliding with cold air and being forced to rise over the cold dome. The
boundary between the warm and cold air masses is called a front. Another example of lift is air
flowing up a mountain side.

While snow is relatively rare in the lower elevations of western Oregon, the Columbia Gorge provides a
low-level passage through the mountains. Cold air, which lies east of the Cascades, often moves
westward through the Gorge and into the Portland area. If a wet Pacific storm happens to reach the
area at the same time, larger-than-average snow events may result (Taylor and Hannan, 1999 as cited
in NHMP, 2010).

Ice Storms

The National Weather Service defines an ice storm as a storm that results in the accumulation of at
least 0.25 inches of ice on exposed surfaces. Ice storms occur when rain falls from a warm, moist, layer
of atmosphere into a below-freezing, drier layer near the ground. The rain freezes on contact with the
cold ground and exposed surfaces, causing damage to trees, utility wires, and structures (see

Figure 7-6).

Source: NWS, 2014b

L

—
Rain Freezing Rain Sleet Snow
Frozen precipitation  Frozen precipitation Frozen precipitation melts in Snow falls
Melts and reaches melts in warm air. Rain falls shallow warm air. Then through cold air
the ground as rain. and freezes on cold surfaces. refreezes into sleet before and reaches
reaching the surface. the surface

Figure 7-6. The Formation of Different Kinds of Precipitation
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Ice accretion generally ranges from a trace to 1 inch. Accumulations between 1/4-inch and 1/2-inch can
cause small branch and faulty limb breakage. Accumulations of 1/2-inch to 1 inch can cause significant
breakage. Strong winds increase the potential for damage from ice accumulation.

7.2 HAZARD PROFILE
7.2.1 Past Events

Table 7-1 summarizes all severe weather events in and near Portland since 1950, as recorded by the
MNational Cceanic and Atmospheric Administration (NOAA). Almost all of the disaster declarations
impacting the City of Portland resulted to some extent from severe weather events. Table 7-2 provides
detailed descriptions of severe weather events in Portland since 1991 that were reported to cause
death, injuries or property damage.

Table 7-1. Summary of Severe Weather Event Impa

# of Reported Events@ # of Events with Deaths, Injuries or Prope:

Strong Wind 15 15
High Wind 24 10
Excessive Heat 8 2

Extreme Cold/Wind Chill 0 0

lce Storm 2 1

Heavy Snow 28 0
Winter Storm 8 2
Winter Weather 10 0
Lightning 5 3
Thunderstorm Wind 12 4
Hail B 2
Funnel Cloud 0
Tomado 3 3
Heavy Rain 26 5
Total 150 47

a. Reported events since 1950 impacting Mulinomah County andfor the Greater Porland Metro Area zone.

b.  Only events that listed injunies andfor dollar amounts are included in these estimates. Some event descriptions include property
damage that was not quantified.

Source: hitp:iwww ncde.noaa.govistormevents/
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491991 Tomado 0 $250

Descrption: A thunderstomm produced a very small tormado and hail A resident of a house which sustained minor damage recalled a
steady progression of the wind effect. Intally, the neighbar’s roof shingles lited up. then therr pool water was sucked out from undemeatf
the poll cover, next. the first row of shingles on the witness ' roof were fumed up and small planis and a irellis were uprooted. Hail
punctured a hole the size of a siver dollar in the garage screen door. At the same fime this occumed, the 1.5, Weather Service Office
received a call from the same vicinity as the tomado reporting 0.5-inch hail and an unconfirmed report of T-inch hail

11121991 Tomado 0 $25,000

Descrption: A tormade ocanmed duing a cold frontal passage. Eighty feat of fencing was damaged, part of a roof was torm off. an
outheilding was twisted and part of a wall was nipped out of 3 stoal building.

8/30/1999 Lightning 1 $0

Description: Lightning struck a bay from Gresham as he was bicyding near NE 230th Court in Wood Village at 1230 PDT. The lightning
struck him in the head and exited through s groin. His companion at the time called 911 from a neighbor’s house and paramedics
amved in about two minutes. The bay’s heart had siopped, and he suffered a concussion and second degree bums on his face. chest
groin, and upper legs. He apparently did not receive the full force of the bok dredly, which spared his ife. He was stil on his bicydle with
fis hands on the handlebars when the paramedics amived He was rewived in the ambulance en route lo the hospital and he is expected
to recover.

12M8/2005 High Wind 0 $15,000

Descrption: A strong wind siorm brought damaging winds fo infand portions of northwest Oragon. The sirongest wind qust reported was
measured at 58 mpltin the west fills of Portland. Many trees were raported downed by strong winds. Approximataly 9000 customers
wre ported without power in east Muknomah county. High winds also did damage to a few homes in the Grosham area, aither by
knocking down frees onfo homes, o reported roof damage.

11/2006 High Wind 0 $500,000

Description: A strong low pressure area off the Coast caused figh winds in the Willamette Valley. McMinnville aiport reported 44 mph
sustaned winds with a gust io 49 mph. Trees were repartedly blown down near Linfield Coflege in Salem, inclvding an 80 foat ial
Cypress tree. A house in Aloha was destroyed by a falling tree. Nearly 22,000 customers were without power due to power fines downed
by falfing troos.

21312006 Strong Wind 0 $50,000

Description: A strong winter storm brought high winds te portions of nortfwest Oregon. Portfand Aiport reported 21 knots with qusts fo 38
knots. Additionally, many residents expenienced power outages due fo frees blown down by strong winds.

5212007 Hail 0 $5,000

Descrption: Dudng an afiermoon under an unstable air mass, small thunderstorms moved across nortfiwest Oregon. One siorm produced
a small had storm. with enough hadl accumulation to cover the ground. Hail covered the ground near the Gateway Transit Centar, with
biggest stones baing half an inch in diameter.

9128/2007 Hail 0 $5,000

Descrption: In an unstable aimosphere. several thunderstorms moved over the forecast area. One such stomm produced a shon-lived

formadb, that did considerable damage to a local farm. Dime size hai was also reported with the storm. Estimated hal-inch hail fell near
162nd and Main.

/3/2008 Lightning 0 $2,000
Descrption: Lightning struck the Walt Morey Middle Schoofin Trouidale. damaging some of the computer systems.
1212012008 Winter Storm 0 $9 million property, $11.6 million crop

Description: The third in a seres of an unusually cold storm systems brought heavy snow accumulations fo northwest Oregon. The heavy
snowiall created a significant impact fo many communities acrass northwest Oregon. Fourteen o 24 inches of snow fell across the
nortfhiern Willamette Valley. Some reports inclde 14 inches in Canby, 18 nches in Gladstone, 21 inches in Oregon City and 24 indhes in
Wikonvile. This siomm was the most significant stomm to hit the Portland Meiro Area in the past 40 years. Freezing rain also occumed
atring this period with 14 fo 3/4 inch of ice acarmuiation.

121242008 Winter Storm 0 $300.000

Description: Another cold storm system brought heawvy snow accumulations o nortfwest Oregon. Four inches of snow fell over the
Portland Metro area on Chrisimas eve. Freezing rain was also reported in the Portland and Trowutdale areas. The snowiall combined with
acaumuiations from the previous few days resuled in 4 roof colapses, 10 carports cofapses and damage fo 62 greenhouses.
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Deaths or Injuries

117/2009 High Wind 2 $30,000
Descrption: Strong winds caused some Solafed power outages and downed a few frees in the Portland area.
1M18/2009 High Wind 0 $25,000

Description: Stong east winds occumed across the Ceniral Oregon Coast and through the Columbia River Gorge. A sirong front
produced sirong winds that caused widespread power outages i Gresham, Troutdale and Multnomah Village. The high winds also
downed several rees in sowtheast Porfand one of which fell on an automobile.

6412009 Thunderstorm Wind 0 $1.200

Descrption: A fainy vigorous upper fevel low pressure system had bean blbcked offshore and was finally allowed fo progress onshore on
June 4t An upper level disturbance roiated amund upper level low pressure system, enhanang divergence aloft and turming upper kve/
fiow eastery across much of western Gregon. This overal pattern resulted in enhanced vertical wind shear for the Willamette Valley, with
southerly winds near the surface backing to easterly fow albft. The June 4, 2009 was a signiicant thundersiom outbreak by
Northwestern Oregon standards, with several areas taking damage from strong thunderstorm wind gusis, minor urban area fooding, and
olation in a few storms resuked in one weak tormado. The tap of a 70-foot tree was snapped off in downtown Portland at the intersection
of SW Salmon Street and Park Avenue. A passer-by was nearly hit as & fell to the ground. Time of the event s estimated based nearby
reports from the storm.

T116/2009 High Wind 0 $6,000

Descrption: Strong winds were estimated based on reports of damage fo a dowrtown Portland residential home die fo downed irees.
Addtionalfy, qusts of 43 - 48 knots were reported at the Portland home of a facal television meteorologist, Power owtages were rapartad
across Clackamas county, with 1700 homes affected

912212013 Strong Wind 0 $8 million

Description: A strong cold front resuked in high winds for the North and Ceniral Oregon coast This storm was the first storm of the Falf
season. and also produced strong winds for ihe Northern Willamette Valley that resuled in siruciure damage and power outages for the
Portland Metro area. Winds in the valley were 30 fo 40 mph. These winds brought a free down onto a house in SE Portland and laft
around 5000 people without power. Most of the power owtages were in Washington Couniy,

9/28/2013 Strong Wind 0 $35,000

Description: A strong cold front resulled in sirong winds across Northwest Oregon. Meda reported via social media that a tree fell onto a
mobile home near Hillshoro. Another socal media report posted a picture of a tree that fell on two cars at the Fred Meyer in Oak Grove
There were other reparts of several large frees down around the Portiand Meiro Area. Portland General Eledtiic reported over 25,000
customers were withow power in Clackamas and Multnomalh counties.

11712013 Strong Wind 0 $3,000

Descrption: A NWS Spoitar estimated Winds of 55 mph, and reported several froes down along Highway 47 betwean Banks and Forest
Grove. They reparted power finas down and power owtages in the area. A local media siaiion KOIN stated that Paciic Power raparted
12500 customers without power in Nortfheast Portland for several hours. KOIN also said that Concardia University cancefled ther
moming classes. PGE reported that ihare were 2800 customers withowt power in Clackamas County.

112312014 Strong Wind 0 $7.000

Descrption: Siong east winds resuked in knocking two large frees over. One of ifiese irees came down an an SUV in Miwaukie, and the
other came down on an SUV in southwest Portland. There were also hundreds of people without power for at least an hour due to
downad Fmbs on power finas.

2212014 Strong Wind 0 $1,000
Descrption: Strong winds downed a fow trees and damaged a vehicle i1 Grasham.
212512014 Strong Wind 0 $7,000

Description: Stong and qusty east winds through the Columbia River Gorge resuted in impacts around the Portland Metro Area. Local
media reported that a large tree fell onto a Max train and overfhiead wires in Gresham that closed that fine for the rest of the day. Another
downed free cushed a SUV in Lake Osweago. A large troe fook out power linas as it foll acoss Highway 43, disrupting power and closing
the highway for a couple of hours. A Large free branch fall and pierced through a window of a van that was diving on Highway 99 with
krckily mo injuries.

3/6/2014 Strong Wind 0 $8,000
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Typ Deaths or Injuries erty Damage
Descrption: Strong wings resulted i significant damage in the Portland Metro Arca with area wind measuraments batween 30 and 48
moh. There were several raports of 12 to 24 inch diameter frees down. One Bnded on the Firestone Tire Building in downtown Portiand,
one closed a busy intersection at Hall and Bonita in Tigard, and another closed A" Avenue downtown [ake Oswego. There were
numerous power outages, and tens of thousands of PGE customers were withowt power. Clackamas Community College cancelled alf
dasses on March 6 due o the power outages

5M18/2014 Thunderstorm Wind 0 $11,000
Descrption: Winds from a thunderstorm resuked in a large oak tree falling on two parked cars in downtown Portland.
10/25/2014 High Wind 0 $140,000

Descrption: Wind qusis up fo 60 mph were raparted tfroughout the Portfand Metro Area. There were numerous frees downed by these
winds with same fanding on power [nes. There were at least two homes that had major damage due to downed frees. Portland General
Hectric reported around 140 000 people without power by the end of the storm. One downed power line burmed a hole i the road ihat it
falfon. A NWS employee reported that 3 lamge qust blow doors apan at 3 SW Portland restauramt, and npped large paintings off the wall
Some of the downed irees blocked roads, and 2 lanes were blocked on Highway 30 for 3 couple of hours

111172014 High Wind 1 $32,000

Description: Stong winds resulted i downed frees throughout the Metro Area. Downed trees were responsible for the shut-down of
soveral sections of the MAX Ine for several hours, and the closures of Comelius Pass Road and Shaifuck Road. One free crashed the
moof of 3 house i Oregon City and pinned the resident under a desk inside. A biker sustained sorous injuries when a troe fall on lim and
amearby car. A 54 mph eastarfy wind qust at the Portfand Airport was the strongest east wind recorded since 1989,

121212014 Strong Wind 0 $15,000

Descrption: East winds blowing through the gorge were sirong enough fo knock over fraes in the Partland Meiro Area resulting in minor
damage. One tree in Sowtfwest Portiand came down onto a house. Another free knocked down near the Selfwood Bridge resukted in the
dlosing of Highway 43 and caused majfor raffic delays. Severalirees were knocked down in Gresham with at least one faling down on
power fnes and causing power owtages. Another free in Gresham fell onto a car.

121172014 High Wind 3 $80,000

Descrption: Gusty sirong winds resulted i several downed irees for the Portland Meiro Area. There were widespread road closures and
power autages due fo the downed trees. One fatality and one inury resulted from a tree falfing onto a moving car. The Portland
Imemational Aiport expenanced re-routing and deflays of airaaft, and the Portland Mass Transt. MAX system had system-wide delays
dte fo power outages. In downiown Portland loose mataral from a roof of a nearby building were lofted and blown against windows of
the Standard fnsurance Plaza damaging several windows on the fitecntl foor. A parapet of an apartment in NW Portfand fafl and caused
major damage o the apartmeant building. At least one power pole was downed by the winds i Washington County. A large tree foll onto a
moving car injuring a mother and killing her son.

3152015 Heavy Rain and High Wind 1 $118,000

Descrption: A serias of storms along an atmosphenic niver of moisture progiiced a paniod of heavy rain from March 13 fo March 15.
Rainfall totals of 3 to 6 inches were measured for many areas of Northwest Oregon and a few local spots had over 7 inches of rain. The
profonged period of rain allowed the saiurated sails to make large rees vidnerable fo tip over i any wind's develaped fwihich did happen).
No flooding was reported from ifis rain, but 3 mudshide did impad a residence i1 the west hils of Portiand

Around 50 treas were downed by strong winds in the afternoon on March 15 in the Portiand Metro Area. A Brge tree fell onto a jeap and
irapped an infured driver for several hours. Scaffolding was knocked off of 2 building downtown onto a few cars. A large tree even faff in
the parking fot of the National Weather Service Forecast Office. Siding of 2 chimney i Soutfwest Portland was peeled off by the winds.
Several roads were closed from frees and thare were bus and frain delays due fo power outages. Four aipfanes on rowte fo Portland
were diverted io other cities. A peak qust of 70 mph was measured at Chehalem Mountain, and a BPA weather stafion in Trowtdake
measured gusts of 63 mph.

6712015 Heat 1 $0

Descrption: High Temperaiures were in the low io mid 90s June 7 through June 9 wihich & around 22 degrees higher than the seasonal
normal The low temparatures were also unseasonally wanm, and ithe low femperature on June 7 of 61 degrees at the Portland Airport
tied the warmest low record that was previously setin 1948. There is ome known indiredt heat refated fatality where a young man drowned
wivile swimming i the Clackamas River near Gladstone. Mulnomalh County had 7 hospital wisits for heat refated ifinesses.

BI26/2015 Excessive Heat 1 $0
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Descrption: ﬂ.{wmwmgmaram;ﬁmnﬂpmﬂ’m:mﬂ’ms Hfrﬂmszﬂmzﬁﬂhrmesabﬂmﬂmseamwmm ﬁn.‘ﬂw
femperatures ware i the mid 60s fo low 70s. Several new dady femperaiure records were set for the warmest fow femperatures. Ome
man drowned after fe fall off a jet sk in the Columbia River on June 27th. This accident ocaumed around TAM, but the wanm mighttime
temperatures fkely contributed fo fim going imto the mver at might. The Muftnomah County had 10 emergency room visis for heat related
finasses,

8/29/2015 Strong Wind 0 $11,000

Descrption: Several locations measured wind gusts greater than 35 mph with ihe highest wind of 50 mph measured near the Oregon
Zoo. There were several reparts of downed trees and power lines that resulted in the loss of power for around 28,000 residents. Downed
power lines closed Marine Drive. and a downed tree blocked a fane on US 30 on the Inlerstate 405 ramp at Thurman. A Twitter report
showed a photo of downed tree damage fo a couple of parked cars.

10/31/2015 Heavy Rain 0 $150,000

Descrption: Heawy rain combined with clogged drains from leaves resuted in urban fooding. Portiand Fire and Rescue recaived 32 calls
i1 regard’s to sireat flooding, and assisted travelers in 5 cars from their Stalled or rapped cars to dry land. Four roads were closed in the
area for figh water, and several Max fnes were cancelled due io fooding under bridges. Thiteen Max trains were damaged by water and
will be out of service for yp fo 2 weeks. One roof collapsed from the weight of rain water after the roof drains had been dogged, and
several homes or businesses had fooded basements. A tree had fallen onto and damaged a parked car.

12112015 lce Storm 0 $5,000

Descrption: A quartar to a half on aninch of ice was obsenved the eastern portions of the Portland Metro Area, mainly in Gresham and
Troutdake. Tree fmbs ware broken by the ice and resuled in widespread power autages in eastern Mufinomah County.

121712015 Heavy Rain and Strong Wind 0 $1.09 million

Description: Heavy rain resuked in urban fooding and small stream flooding throughout the Portfand Metro Area. The rain was heavy
enough to collapse a roof of a business in Gresham, Oregon, and cause a sink hole near ME Hood Collage. High water fowing into
Farview Creek in Gresham snapped a sewage fne. Severalroads were closed due to high water and the TriMet Max aperalions were
infermypted. Water crept inio businesses and homes. There were at least two landsiides in Porifand; one on Corbett Hill and the other on
Comell Road

The media reported that sirong wind's resukted in tree damage near 5th and Jefferson in Oregon City. There was another report of 8 1.5-
foot diameter evergrean iree that foll onto a home in Clackamas and damaged the roof

12/8/2015 Heavy Rain 0 $621,000

Descrption: Heavyrain resuked in urban flooding across the Portfand Metro area. AN Amirak and freight irains were shut down batween
Portland and Vancowver due fo fooding. A mobile home park in Gresham fooded. There were a couple of landslides on Highway 30
where debris covered the highway. One of these shides was near Germaniown Road. The other slide was near the St John's Bridge, it a
car fwith no injries) as & happened, and covered all lanes of Highway 30.

12/9/2015 Strong Wind 1 $107,000

Descrption: Strong winds combined with saturated sods from heavy rainfall resuted i praperty damage around the Portland Meiro Area.
A tree foll down and resuled in extensive damage to a home in Alofia. Another tree fall omto a home in Portfand, kifing 2 woman, Winds
also damaged the Milwaukie Bridge. Broken troe fmbs fall onto power fnes that rmsuked in widespread power outages in Portland,
Clackamas, and Beaverton.

121072015 Strong Wind 0 $60,000
Description: The media reported that a home in Alofa sustained significant damage as a tree downed by stong winds fell onto &.
121772015 Heavy Rain 0 $311,000

Descrption: Heawy rain resulted in new daily ramnfall record’s for the Portland Intermational Ainport and downiown Portland. A new daily
raniall record of 1.87 inches at the aipart broke the previous recard of 1.02 inches from 1972, Downtown Portfand measured 242 inches
of rain, wiich broke the previous record of 2.26 inches from 1884. Standing water was reported on many roads i the area. The heavy
rain caused a fandside on Highway 30 near the St Johns Bridge.

1212172015 High Wind 0 $1.3 million

Description: High winds caused signiicant damage in the Portiand Metro area as irees were downed onto homes and cars. Several roads
were dosed due o downed trees. Marine Drive was closed for several miles due to winds blowing a tractor trailer off of the road. One
house caught on fire when a iree downed an electiical wire.
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3nzome Strong Wind 1 $10,000

Descrption: Strong wings ahead of the front blew down a weak or dead tree omto 3 moving vehicle, kiling the driver. Winds with the front

downed several froes and branches near Beaverton resuffing in power outages.

332016 Strong Wind 0 $7.000

Description: Stong winds downed several trees in the Portfand Metro Area. Some of these trees fell onto power lines and resukted in

power outages, and others fell onio roadways and obstruded iraffic. One tree foll onio 3 home in Portland with minor damage io the roof

a. Reported events since 1950 impacting Mulinomah County andfor the Greater Portland Metro Area zone with reported injuries,
fatalities, and/or property damage and event descripiions.

Source: hitp-liwww ncde.noas govistormevents/

7.2.2 Location

All areas of Portland are potentially exposed to severe weather events.

Thermal Extremes

Temperature extremes can occur throughout Portland. The Western Regional Climate Center notes
several factors that have a significant impact on the local climate including terrain (such as the Cascade
Range), the Pacific Ocean, and low pressure regions over the north Pacific Ocean. These climactic
controls can cause significant climate differences in relatively short distances.

Thunderstorms

Thunderstorms affect relatively small localized areas, rather than large regions like winter storms and
extreme temperature events. Thunderstorms can strike all regions of the United States, although they
are most common in central and southern states. It is estimated that there are as many as 40,000
thunderstorms each day worldwide. The City of Portland can experience an average of 10 to 20
thunderstorm days each year (National Weather Service, 2010).

Tornadoes

Approximately 1,200 tornadoes occur in the United States each year, with the central portion of the
country experiencing the most. The State of Oregon and the City of Portland have a lower risk for
tornados than elsewhere in the country. Tornadoes are usually localized. Severe thunderstorms can
result in conditions favorable to the formation of numerous or long-lived tornadoes.

Windstorms

All of the City of Portland is subject to high winds from thunderstorms and other severe weather events.
According to FEMA, the City of Portland is located in Wind Zone |, where wind speeds can reach up to
130 mph. The City is also located in a special wind region along the west coast from Washington to
Oregon. Figure 7-7 indicates how the frequency and strength of windstorms impacts the United States
and the general location of the most wind activity. This is based on 40 years of tornado data and 100
years of hurricane data collected by FEMA.
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Source: FEMA n.d.

WIND ZONES IN THE UNITED STATES*
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Figure 7-7. Wind Zones in the United States

Winter Storms

Snow accumulation is most common at higher elevations, but can occur anywhere in Portland. Snow
events occur if a wet Pacific storm reaches the area when a cold air mass is present. Cold air rarely
travels west of the Cascade Range, as the mountains provide a natural barrier separating the
Willamette Valley from the cold air to the east (NHMP, 2010). A natural break in the Cascade
Mountains does occasionally allow cold air from the east to funnel through the Columbia Gorge into the
Portland area, which can eventually settle south in the Willamette Valley and thus create snow and ice
events (ONHW, 2004 as cited in NHMP, 2010). Ice events include freezing rain, sleet and hail.

7.2.3 Frequency

Portland can expect to experience exposure to some type of severe weather event at least annually.
Many of the severe weather events for the City of Portland shown in Table 7-1 are related to high winds
and severe winter weather. According to records, in 66 years, the city has experienced 150 severe
weather events, an average of two to three events per year. Thunderstorms, windstorms and winter
storms are likely to occur in the region annually. Not all storms produce damage.
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The 2015 Oregon Natural Hazard Mitigation Plan, identifies the following probabilities for winds of
varying strength in Region 2, which includes Portland:

* A 2b-year event for the region (4-percent annual probability) is 65 miles per hour.
* A 50-year event (2-percent annual probability) is 72 miles per hour.
* A 100-year event (1-percent annual probability) is 80 miles per hour.

Eight instances of thermal extreme events are listed for Portland between 1996 and 2015; however,
this data likely underestimates the occurrence of such events. Extreme heat events can occur several
times per year, especially in the summer.

There have been six reported funnel clouds or tornadoes in Portland since 1950. This amounts to about
one such event every decade. Tornadoes can occur at any time of the year, with peak seasons at
different times for different states (NS5L, 2015). In Oregon, tornadoes have been reported during all
seasons; however, almost half of reported tornadoes have been reported in April, May and June (Storm
events database, 2016). Based on historical records, tornadoes seem to be least likely in the state from
January through March. Two of the tornadoes in or near Portland occurred in April and one occurred in
November.

7.2.4 Severity

The most common problems associated with severe storms are immobility and loss of utilities. Fatalities
are uncommon, but can occur. Roads may become impassable due to flooding, downed trees ora
landslide. Power lines may be downed due to high winds or ice accumulation, and services such as
water or phone may not be able to operate without power. Lightning can cause severe damage and
injury. Physical damage to homes and facilities can be caused by wind, accumulation of snow or ice,
and flooding resulting from heavy rain events. Even a small accumulation of snow can cause havoc on
transportation systems.

Windstorms can be a frequent problem in Portland and have been known to cause damage to utilities.
The predicted wind speed given in wind wamings issued by the National Weather Service is for a one-
minute average; gusts may be 25 to 30 percent higher. Lower wind speeds typical in the lower valleys
are still high enough to knock down trees and power lines and cause other property damage.

Ice storms accompanied by high winds can have especially destructive impacts, especially on trees,
power lines, and utility services. While sleet and hail can create hazards for motorists when they
accumulate, freezing rain can cause the most dangerous conditions in Portland. Ice buildup can bring
down trees, communication towers and wires, creating hazards for property owners, motorists and
pedestrians. Rain can fall on frozen streets, cars, and other sub-freezing surfaces, creating dangerous
conditions.

The severity of an extreme heat event depends on how early the event occurs in the summer and the
number of consecutive days it lasts (U.S. EPA, 2006). Urban heat island effect can exacerbate the
severity of an extreme heat event. While the severity of an extreme heat event may vary, impacts
include increased energy consumption, elevated emissions of air pollutants and greenhouse gases,
compromised human health and comfort, and impaired water quality (U.5. EPA, 2015). Extreme heat
can also impact infrastructure by warping bridges, causing roads to buckle, melting runways, and more.

Lightning severity is typically investigated for both property damage and life safety (injuries and
fatalities). The number of reported injuries from lightning is likely to be low.
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Tornadoes are potentially the most dangerous of local storms, but they are not common in Portland. If a
major tomado were to strike within the populated areas of the city, damage could be widespread.
Buildings could be damaged or destroyed. Businesses could be forced to close for an extended period
or permanently, fatalities could be high, many people could be homeless for an extended period, and
routine services such as telephone or power could be disrupted.

7.2.5 Warning Time

Meteorologists can often predict the likelihood of a severe storm. This can give several days of waming
time. However, meteorologists cannot predict the exact time of onset or severity of the storm. Some
storms may come on more quickly and have only a few hours of warning time.

7.2.6 Compounding Factors and Secondary Hazards

Secondary Hazards

The most significant secondary hazards associated with severe weather are floods, falling and downed
trees, landslides and downed power lines. Rapidly melting snow combined with heavy rain can
overwhelm both natural and man-made drainage systems, causing overflow and property destruction.
Landslides occur when the soil on slopes becomes oversaturated and fails. Air quality issues can be
exacerbated by severe weather events, particularly excessive heat. High temperatures can increase
ground level ozone, a local air pollutant (City of Portland and Multnomah County, 2014).

Compounding Factors

El Nifio-Southern Oscillation

The El Nifio-Southemn Oscillation (ENSQO) climate pattern creates increased weather volatility such as
hotter summers and colder winters, intense thunderstorms, lightning, hail, snow storms, freezing
rainfice storms, high winds and tornadoes. ENSO consists of two weather phenomena: El Nifio and La
Nifia. While ENS0O activities are not a hazard, they can lead to severe weather events and large-scale
damage throughout Oregon, including Portland. Direct correlations were found linking ENSO events to
severe weather across the Pacific Northwest, particularly drought, flooding and severe winter storms
(Oregon, 2004 as cited in NHMP, 2010). Therefore, increased awareness and understanding of the
impacts of ENSO events on regional weather are important (NHMP, 2010).

Climate Change

Several facets of climate change are likely to have impacts on the severe weather hazard that may
increase the frequency of severe weather and result in those events becoming more extreme.
Generally, these impacts are related to the following parameters (EPA, 2016):

* Frequency—Are events occurring more often than they did in the past?

* Intensity—Are events getting more severe, with the potential for more damaging effects?
= Duration—Are events lasting longer than “the norm™?

* Timing—Are events occurring earlier or later in the season or the year than they used to?

Figure 7-8 illustrates how the shift in climate normal can result in an increased frequency of extreme
events.
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Source: EPA, 2016
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Figure 7-8. Impacts of Climate on Probability of Extreme Events

According to the City of Portland and Multnomah County Climate Change Risk and Vulnerability
Assessment (2014), the following climate parameters related to severe weather are likely to have
impacts for the City of Portland:

* Increase in average annual air temperature and likelihood of extreme heat events
= Changes in hydrology and water supply:

» Reduced snowpack and water availability in some basins
» Changes in water quality and timing of water availability (winter precipitation may be
increasing)

* Increased incidence and magnitude of damaging floods and frequency of extreme precipitation
events.

7.3 EXPOSURE

Portland’s many micro-climates, hills and valleys, and the Columbia Gorge all contribute to weather
variations. With major transportation routes that could be affected by ice and snow, bridges and hills to
cross to get from one part of the city to the next and the economic impact of road closures, the
exposure and vulnerability of the City to severe weather events is a reality every year (NHMP, 2010).

7.3.1 Population

All of Portland is exposed to some extent to severe weather. Some areas are more exposed due to
geographic location and local weather patterns. People living at higher elevations with large stands of
trees or power lines may be more susceptible to wind damage and lightning strikes. People in low-lying
areas are at risk for possible flooding. People in densely populated urban areas without air conditioning,
working outside, or in industrial corridors are likely to be more exposed to extreme heat events.
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Economically disadvantaged households may be more exposed if heat and electricity are turned off
during winter months. Residents who lack proper shelter are also more likely to be exposed to negative
impacts from severe weather.

7.3.2 Property

According to the Multnomah County Assessor records used for this analysis, there are 193,837
structures in Portland. Most of these buildings are residential. All of these buildings are considered to
be exposed to the severe weather hazard, but structures in poor condition or in particularly vulnerable
locations (located on hilltops or exposed open areas) may risk the most damage. The frequency and
degree of damage will depend on specific locations.

7.3.3 Critical Facilities and Infrastructure

All critical facilities exposed to flooding and landslide (see Chapters 10 and 11) are also likely exposed
to severe weather. Additional facilities on higher ground may be exposed to damage from wind of falling
trees. The most common problems associated with severe weather are loss of utilities. Downed power
lines can cause blackouts, isolating large areas. Phone, water and sewer systems may not function.
Roads may become impassable due to ice or snow or from secondary hazards such as landslides.

7.3.4 Environment

The environment is highly exposed to severe weather events. Natural habitats such as streams and
trees are exposed to the elements during a severe storm and risk major damage and destruction.
Prolonged rains can saturate soils and lead to slope failure. Flooding events caused by severe weather
or snowmelt can produce river channel migration or damage riparian habitat.

7.4 VULNERABILITY
7.4.1 Population

Populations most vulnerable to severe weather events are those that are dependent on electricity for
life support or that lack proper shelter. The elderly, young and persons with access and functional
needs may be more vulnerable during extended power outages, especially if they are isolated.
Population vulnerabilities to specific types of severe weather event are as follows:

* Thermal Extremes—Individuals with physical or mobility constraints, cognitive impairments,
economic constraints, or social isolation are typically at greater risk to the adverse effects of
excessive heat events. The average summertime mortality for excessive heat events is
dependent upon the methodology used to derive such estimates. Certain medical conditions,
such as heat stroke, can be directly attnbutable to excessive heat, while others may be
exacerbated by excessive heat, resulting in medical emergencies. Individuals who lack shelter
and heating are particularly vulnerable to extreme cold and wind chill.

* Thunderstorms—NMNationally, lighting is one of the leading causes of weather-related fatalities
(CDC, 2013). Lightning strikes are far more common in other areas of the country than they are
in the Pacific Northwest. The majority of injuries and deaths associated with lighting strikes
occur when people are outdoors; about one-third of lightning-related injuries occur indoors.
Males are five times more likely than females to be struck by lighting and people between the
ages of 15 and 34 account for 41 percent of all lightning strike victims (CDC, 2013).

* Windstorms and Tornadoes—Debris carmried by extreme winds and trees felled by gusty
conditions can contribute directly to loss of life and indirectly to the failure of buildings and other
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structures that offer protection. Utility lines brought down by thunderstorms have also been
known to cause fires, which start in dry roadside vegetation. Electric power lines falling down to
the pavement create the possibility of lethal electric shock. Those with physical or mobility
constraints may not be able to seek adequate shelter in the event of a tomado.

* Winter Storms—Many of the deaths that result from severe winter weather are indirectly
related to the actual weather event, including deaths resulting from traffic accidents on icy roads
and heart attacks while shoveling snow. Icy road conditions that lead to major traffic accidents
can make it difficult for emergency personnel to travel. This may pose a secondary threat to life
if police, fire, and medical personnel cannot respond to calls. Homeless populations that lack
adequate shelter are also vulnerable to severe winter weather events.

Severe weather may have compounding impacts on socially vulnerable populations. For example, a
severe winter storm that prompts school closures may result in the need for a parent to stay home from
work to care for the children. Missing work could result in serious economic repercussions for
economically disadvantaged households that spiral into much larger issues than a day of missed work.

7.4.2 Property

All property is vulnerable during severe weather events, but properties in poor condition or in
particularly exposed locations may risk the most damage. Those in higher elevations and on ridges
may be more prone to wind damage. Those that are located under or near overhead lines or near large
trees may be vulnerable to falling ice or may be damaged in the event of a collapse. Table 7-3 shows
the age of structures in Portland. Modem building code requirements regarding snow load came into
effect in 2008. Structures built before 2008 may be more vulnerable to some severe weather events,
such as heavy snow.

Table 7-3. Age of Structures in Portland

Pre-20082 2008-presentd
Airport 92 4% 7 6%
Central City 2.5?5 97 2% ?‘4 28%
Central Northeast 17,051 98.0% 355 2.0%
East Portland 42 463 97.0% 1,292 3.0%
North Portland 23,405 95.6% 1,084 4 4%
Northeast 19,932 96.4% 748 36%
Southeast 51,502 96.7% 1,768 3.3%
Southwest 22 539 97.5% 585 25%
West/Northwest 7,616 97.4% 205 26%
Total 187,677 96.8% 6,160 3.2%

a.  Year built information was collected from Mulinomah County Assessor data. When year built informafion was unavailable, it was
estimated based on census block or county-wide average year built dates.

Loss estimations for the severe weather hazard are not based on damage functions, because no such
damage functions have been generated. Instead, loss estimates were developed representing 10
percent, 30 percent and 50 percent of the replacement value of exposed structures. This allows
emergency managers to select a range of potential economic impact based on an estimate of the
percent of damage to the general building stock. Damage in excess of 50 percent is considered to be
substantial by most building codes and typically requires total reconstruction of the structure. Table 7-4
lists the loss estimates.
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Table 7-4. Loss Potential for Severe Weather
Potential Loss

¥posed Value @ 2.5% Damag

Airport $3953292817 | $30,532.828 $98.832320 | $1976546400 = $395309282 | $1.076,646,408
Central City $31,198797.529  §311,987,975  §$779969938  $15503398765  $3119879753  $15599,398,765
Central $10886322033  ¢aapao0 | $272158051 | $5.443161017 | $1088632203 | SO-H43161.017
Mortheast

EastPortland  $26055288,004 $260552880  $651382200  $13027644002 $2605528800  $13,027,644,002
North Portland = $23502.220,863 = $235022208 @ $587555522 | $11751110432  $2350222086 = $11,751,110,432
Northeast $13,110911253  $131,109,113  $327.772781  $6555455627  $1311001,125  $6,555455626
Southeast $30,396480542 | $303964805 = $759912014 | $15198240271 = $3039,648054  $15,198,240.271
Southwest $17,794371,568  $177.943716  $444859289  $8.807.185784  $1779437,157  $8,897,185784
West/Northwest = $13.908,000256 = $139,080903 | $347.702256 | $6054045128 = $1390809,026 $6.954,045 128
Total $170,805,774,865 $1,708,057,749  $4,270,144,372 $85,402,887433  $17.080,577.487  $85402887433

7.4.3 Critical Facilities and Infrastructure

Incapacity and loss of roads are the primary transportation failures resulting from severe weather,
mostly associated with secondary hazards. Landslides caused by heavy prolonged rains can block
roads. High winds can cause significant damage to trees and power lines, blocking roads with debris,
incapacitating transportation, isolating population, and disrupting ingress and egress. Snowstorms in
higher elevations can significantly impact the transportation system and the availability of public safety
services. Of particular concern are roads providing access to isolated areas and to the elderly.

Severe windstorms, downed trees, and ice can create serious impacts on power and above-ground
communication lines. Freezing of power and communication lines can cause them to break, disrupting
electricity and communication. Loss of electricity and phone connection would leave certain populations
isolated because residents would be unable to call for assistance.

7.4.4 Environment

The vulnerability of the environment to severe weather is the same as the exposure.

7.4.5 Economic Impact

Prolonged obstruction of major routes due to landslides, snow, debris or floodwaters can disrupt the
shipment of goods and other commerce. Large, prolonged storms can have negative economic impacts
for an entire region.

7.5 FUTURE TRENDS IN DEVELOPMENT

All future development will be affected by severe storms. The ability to withstand impacts lies in sound
land use practices and consistent enforcement of codes and regulations for new construction. The City
of Portland has adopted the International Building Code. This code is equipped to deal with the impacts
of severe weather events. Land use policies identified in the comprehensive plan also address many of
the secondary impacts (flood and landslide) of the severe weather hazard. Additionally, the City of
Portland has begun efforts to reduce severe weather impacts through low impact development and
green infrastructure standards. With these tools, the City of Portland is well equipped to deal with future
growth and the associated impacts of severe weather.
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7.6 SCENARIO

A worst-case event would involve prolonged high winds during a snowstorm accompanied by freezing
temperatures, followed by warmer weather and continued rain. Such an event would have both short-
term and longer-term effects. Initially, schools and roads would be closed due to snow and downed tree
obstructions. Power outages would be common. Later, as the weather warms and snow turns to rain,
the sudden runoff could produce severe urban flooding in low-lying areas and landslides on steep
slopes.

7.7 ISSUES

Important issues associated with a severe weather in Portland include the following:

* Redundancy of power supply throughout Portland must be evaluated to better understand which
areas may be vulnerable.

 Many cntical facilities in Portland may have limited or inadequate backup power generation, with
only enough fuel on hand to run emergency generators for a short amount of time. This may
result in loss of services, such as potable water, during extended power outages or may present
risks to vulnerable populations such as those in hospitals or other care facilities.

* Debris management (downed trees, etc.) must be addressed, because debris can impact the
severty of severe weather events, requires coordination efforts, and may require additional
funding. A debris management plan is currently being developed.

* The effects of climate change may result in an increase in frequency of extreme heat events or
more frequent, stronger storm systems.

* Older building stock in Portland is built to low code standards or none at all. These structures
could be highly vulnerable to severe winter weather effects such as snow loads or high winds.

= Urban forest management programs should be evaluated to help reduce impacts from forest-
related damage.

= Severe weather events cause or exacerbate many secondary hazard including power outages,
poor air quality and landslides.

* Drainage systems and culverts in Forest Park and other areas throughout the City can and have
been overwhelmed by heavy precipitation events, causing erosion and costly damage to fire
access roads.
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8. EARTHQUAKE
8.1 GENERAL BACKGROUND

DEFINITIONS

3-1 -1 HOW Eﬂﬂhq UHKES HﬂPPE" « Earthquake—A sudden slip on a fault, volcanic
An earthquake is the vibration of the earth's surface ﬂm:ﬂ:ﬁﬁﬂn:d: !;d;rgﬂﬂﬁ"sﬁgﬁic::; =
following a release of energy in the earth’s crust. This radiated seismic energy.
energy can be generated by a sudden dislocation of » Liquefaction—The complete failure of soils
the crust or by a volcanic eruption. Most destructive occurring when soils lose shear strength, flow
quakes are caused by dislocations of the crust. The horizontally, and behave like viscous fluids when

crust may first bend and then, when the stress Lo e il

exceeds the strength of the rocks, break and snap to * Magnitude—The measure of the sirength of an

o - - . earthquake, typically measured by the Richter
a new position. In the process of breaking, vibrations o e e T e T

called “seismic waves” are generated. These waves scale comesponds to the release of about 31
travel outward from the source of the earthquake at times more energy than the amount associated
varying speeds. There are two main types of seismic with the preceding whole number.

waves (Michigan Technical University, 2007):

* Body waves travel through the earth’s interior. They include P waves (primary waves) and S
waves (secondary waves). P waves travel through solids and fluids, sending particles in the
same direction that the wave is moving. Some animals, such as dogs, are able to hear P waves.
5 waves are the waves that are felt during an earthquake. These waves travel more slowly than
P waves and are only transmitted through rock. 5 waves move particles up and down.

 Surface waves travel along the surface. They are lower frequency than body waves and armive
later. It is these waves that are primarily responsible for the destruction resulting from
earthquakes. S waves also come in two types: Love waves and Rayleigh waves. Love waves
travel exclusively on the surface of the earth and produce horizontal motion. Rayleigh waves
travel like ocean waves, rolling the ground up and down. Most of the shaking felt during
earthquakes is the result of these waves.

Earthquakes tend to reoccur along faults, which are zones of weakness in the crust. Even if a fault zone
has recently experienced an earthquake, there is no guarantee that all the stress has been relieved.
Another earthquake could still occur.

8.1.2 Types of Earthquakes
Four types of earthquakes affect the Portland area (see Figure 8-1):

* Shallow Crustal earthquakes—Shallow crustal earthquakes occur in the North America plate
at depths of 20 miles or less (PNSN, n.d. a). These types of earthquakes occur frequently in the
Pacific Northwest. Most are relatively small, but large, damaging events in the region have and
will continue to occur. Generally, these earthquakes are expected to last from 20 to 60 seconds,
with magnitudes less than 7.5. Aftershocks are likely (see #4 in Figure 8-1) (CREW, 2009).
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Figure 8-1. Earthquake Types in Oregon

Benioff Zone (Deep or Intraplate) Earthquakes—Benioff Zone earthquakes occur in the Juan
De Fuca plate as moves below the North American plate. They are deep earthquakes, 20 miles
or more in depth (PNSN, n.d. b). Shaking from these earthquakes can last up to 60 seconds.
Due to their depth, aftershocks are typically not felt. Generally, these earthquakes cause less
damage than shallow earthquakes of similar magnitude but are felt over a wider area (CREW,
2009) (see #2 in Figure 8-1)

Subduction Zone Earthquakes—5Subduction Zone earthquakes occur at the interface between
tectonic plates. A subduction zone earthquake affecting the City of Portland would be centered
in the Cascadia Subduction Zone off the coast of Washington or Oregon. Such earthquakes
typically have a minute or more of strong ground shaking, and are quickly followed by damaging
tsunamis and numerous large aftershocks. The potential exists for large earthquakes along the
Cascadia Subduction Zone, with a magnitude of 9 or more (CREW, 2009). This could produce a
tsunami all along the fault line from Brtish Columbia to Mendocino, California. The tsunami
would not impact the City of Portland; however, lateral spreading and ground settlement would
likely occur. Such an earthquake would produce catastrophic damage in the region (see #1 in
Figure 8-1).

Volcanic activity related seismic events, such as those occurming before an eruption of one of
the volcanoes in the nearby Cascade Mountain Range, can also impact Portland. Such
earthquakes can reach a magnitude of 5.5. The earthquake preceding the 1980 Mt. Saint
Helens eruption was a magnitude 5.1 (see #3 in Figure 8-1) (Oregon Department of Land
Conservation and Development, 2015).

8-2
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8.1.3 Faults

Geologists classify faults by their relative hazards. Active faults, which represent the highest hazard,
are those that have ruptured to the ground surface within the last 11,000 years. Potentially active faults
are those that displaced layers of rock within the last 1.8 million years. Determining if a fault is active or
potentially active depends on geologic evidence, which is not available for every fault. Additionally,
earthquakes may occur on faults that have not been mapped and identified.

Faults are more likely to have earthquakes on them if they have more rapid rates of movement, have
had recent earthquakes along them, experience greater total displacements, and are aligned so that
movement can relieve accumulating tectonic stresses. A direct relationship exists between a fault's
length and location and its ability to generate damaging ground motion at a given site. In some areas,
smaller, local faults produce lower magnitude quakes, but ground shaking can be strong, and damage
can be significant as a result of the fault's proximity to the area. In contrast, large regional faults can
generate great magnitudes but, because of their distance and depth, may result in only moderate
shaking in the area.

8.1.4 Earthquake Classifications

Earthquakes are typically classified in one of two ways: By the amount of energy released, measured
as magnitude; or by the impact on people and structures, measured as intensity. Magnitude
describes the size at the focus of an earthquake and intensity describes the overall felt severity of
shaking during the event.

Magnitude

An earthquake’s magnitude is a measure of the energy released at the source of the earthquake. It is
expressed by ratings on the local magnitude scale (ML), commonly called the Richter scale, or the
moment magnitude scale (My,). Currently the most commonly used magnitude scale is the moment

magnitude scale, with the follow classifications of magnitude:

« Great—My =8
 Major—My=70-79

« Strong—Myw=60-69

* Moderate—My,=50-59
« Light—My,=40-49
 Minor—My=30-39

* Micro—My <3

One advantage of the moment magnitude scale is that, unlike other magnitude scales, it does not
saturate at the upper end. That is, there is no value beyond which all large earthquakes have about the
same magnitude. For this reason, moment magnitude is now the most often used estimate of large
earthquake magnitudes. The magnitudes referenced in the scenario events used in the risk analysis
are expressed in the moment magnitude scale.

Intensity

The intensity of an earthquake is based on the observed effects of ground shaking on people, buildings
and natural features. Intensity of a given earthquake varies with location. The Modified Mercalli (MMI)
scale expresses intensity of an earthquake and describes how strong a shock was felt at a particular
location. Table 8-1 summarizes earthquake intensity as expressed by the Modified Mercalli scale.
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Table 8-1. Mercalli Scale and Peak Ground Acceleration Comparison
Potential Structure Damage

Estimated PGA2 (%

| Not Felt None None <0.17%
I Weak None None 0.17% - 1.4%
\ Light None None 14%-3.9%
v Moderate Very Light Light 39%-9.2%
Vi Strong Light Moderate 9.2% - 18%
Vil Very Strong Moderate Moderate/Heavy 18% - 34%
Vil Severe Moderate/Heavy Heavy 34% - 65%
IX Violent Heavy Very Heavy 65% - 124%
X — Xl Exireme Very Heavy \Very Heavy >124%

a. PGA measured in percent of g, where g is the acceleration of grawity
Sources: USGS, 2008a; USGS, 2010

8.1.5 Ground Motion

Earthquake hazard assessment is also based on expected ground motion. This involves determining
the annual probability that certain ground motion accelerations will be exceeded, then summing the
annual probabilities over the time peniod of interest. The most commonly mapped ground motion
parameters are the horizontal and vertical peak ground accelerations (PGA) for a given soil or rock
type. Instruments called accelerographs record levels of ground motion due to earthquakes at stations
throughout a region. These readings are recorded by state and federal agencies that monitor and

predict seismic activity.

Maps of PGA values form the basis of seismic zone maps that are included in building codes such as
the International Building Code. Building codes that include seismic provisions specify the horizontal
force due to lateral acceleration that a building should be able to withstand during an earthquake. PGA
values are directly related to these lateral forces that could damage “short period structures” (e g.
single-family dwellings). Longer period response components determine the lateral forces that damage
larger structures with longer natural periods (apartment buildings, factories, high-rises, bridges).

Table 8-1 lists damage potential and perceived shaking by PGA factors, compared to the Mercalli
scale.

8.1.6 Effect of Soil Types

The impact of an earthquake on structures and infrastructure is largely a function of ground shaking,
distance from the source of the quake, and soil conditions and types. Liquefaction is a secondary effect
of an earthquake in which soils lose their shear strength and flow or behave as liquid, thereby
damaging structures that derive their support from the soil. Liquefaction generally occurs in soft
sedimentary soils. A program called the National Earthquake Hazard Reduction Program (NEHRF)
creates maps based on soil characteristics to help identify locations subject to liquefaction. Table 8-2
summarizes NEHRP soil classifications. NEHRP Sails B and C typically can sustain ground shaking
without much effect, dependent on the earthquake magnitude. The areas that are commonly most
affected by ground shaking have NEHRFP Soils D, E and F. In general, these areas are also most
susceptible to liquefaction.

84 TETRA TECH



37242

The Mitigation Action Plan Earthquake

Table 8-2. NEHRP Soil Classification System

Mean Shear Velocity to

30 meters
A Hard Rock 1,500 meters/second
B Firm to Hard Rock 760-1,500 meters/second
C Dense SoillSoft Rock 360-760 meters/second
D Siiff Soil 180-360 meters/second
E Soft Clays < 180 metersisecond
F Special Study Soils (liquefiable soils, sensitive clays, organic soils, soft clays >36 m thick)

8.2 HAZARD PROFILE
8.2.1 Past Events

Table B-3 summarizes recorded historical earthquakes from before the current era (BCE) to the present
that were believed to have been felt or to have caused damage in Portland. The largest recorded
earthquake epicenter within 100 miles of Portland occurred in Scotts Mills on March 25, 1993. Its
magnitude was 5.6 and it caused minor damage to some buildings. The shaking was intense enough to
require damage assessment team deployments to perform bridge and key infrastructure inspections
(NHMP, 2010). Federal disaster declaration DR-985, issued in response to this earthquake, applied to
Clackamas and Washington Counties. There is geologic evidence that a magnitude 6.5 event may
have occurred on the Portland Hills fault zone within the past 10,000 years; but, no events on that fault
have been recorded in historic times (DOGAMI, 2001).

Table 8-3. Historical Earthquake Events in or Impacting Portland

February 20014 Misqually, Washington 68
March 25, 19930 33.5 miles from Portland 56
19890 82 miles from Portland a1
19810 38 miles from Portland 55
19800 60 miles from Portland 50
19800 53 miles from Portland 50
March 27, 1964 b Prince William Sound, Alaska 92
December 19633 Portland area 45
November 19622 Portland area 55
November 19614 Portland area a0
December 19533 Portland area 45
April 19493 Olympia, Washington IA
December 19413 Portland area 45
February 18924 Portland area 20
October 18772 Portland area 52
January 17004 Cascadia Subduction Zone About 9.0
1400 BCE, 1050 BCE, 600 BCE, 400 BCE, 400, 750, 9002 Cascadia Subduction Zone Probably 8.0-9.0

a.  Source: Oregon OEM, 2015
b. Source: NHMP, 2010
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8.2.2 Location

Identifying the extent and location of an earthquake is not as simple as it is for other hazards such as
flood, landslide or wildfire. The impact of an earthquake is a function of ground shaking, soil condition
and type, and distance from the source (both horizontally and vertically). Mapping that shows the
impacts of these components was used to assess the risk of earthquakes in Portland. While the
impacts from each of these components can build upon each other during an earthquake event, the
mapping looks at each component individually.

Identified Faults

The convergence of the Juan de Fuca and North American tectonic plates puts most areas of western
Oregon, including the City of Portland, at risk for a catastrophic earthquake with a Magnitude 9 or
higher. Figure B-2 shows identified faults in and near the City of Portland. The City straddles three
identified crustal faults (Oregon Department of Land Conservation and Development, 2015):

* The Oatfield fault, west of the northwest hills
= The East Bank fault, traversing the Willamette River into Oregon City
* The Portland Hills fault, running parallel to Forest Park into downtown Portland.

Shake Maps

A shake map is a representation of ground shaking produced by an earthquake. The information it
presents is different from the earthquake magnitude and epicenter that are released after an
earthquake because shake maps focus on the ground shaking resulting from the earthquake, rather
than the parameters describing the earthquake source. An earthquake has only one magnitude and
one epicenter, but it produces a range of ground shaking at sites throughout the region, depending on
the distance from the earthquake, the rock and soil conditions at sites, and variations in the propagation
of seismic waves from the earthquake due to complexities in the structure of the earth’s crust. A shake
map shows the extent and variation of ground shaking in a region immediately following significant
earthquakes.

Ground motion and intensity maps are derived from peak ground motion amplitudes recorded on
seismic sensors (accelerometers), with interpolation based on estimated amplitudes where data are
lacking, and site amplification commections. Color-coded instrumental intensity maps are derived from
empirical relations between peak ground motions and Modified Mercalli intensity. Two types of shake
map are typically generated from the data:

= A probabilistic seismic hazard map shows the hazard from earthquakes that geologists and
seismologists agree are statistically likely to occur in a given time period. Figure 8-3 and
Figure 8-4 show the estimated ground motion for the 100-year and 500-year probabilistic
earthquakes in Portland.

* Earthquake scenario maps describe the expected ground motions and effects of hypothetical
large earthquakes for a region. Two scenarios were chosen for this plan:

» Cascadia Subduction Zone Scenario—A Magnitude 9.0 event off the Pacific Coast. See
Figure 8-5.

# Portland Hills Fault Scenario—A Magnitude 6.5 event with the epicenter near the border
of Washington and Oregon. See Figure 8-6.
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NEHRP Soil Maps

NEHRP soil types define the locations that will be significantly impacted by an earthquake. NEHRP
Soils B and C typically can sustain low-magnitude ground shaking without much effect. The areas that
are most commonly affected by ground shaking have NEHRP Soils D, E and F. Figure 8-7 shows
NEHRPF soil classifications in Portland.

Liguefaction Maps

Soil liquefaction maps are useful tools to assess potential damage from earthquakes. When the ground
liquefies, sandy or silty materials saturated with water behave like a liquid, causing pipes to leak, roads
and airport runways to buckle, and building foundations to be damaged. In general, areas with NEHRP
Soils D, E and F are also susceptible to liquefaction. If there is a dry soil crust, excess water will
sometimes come to the surface through cracks in the confining layer, bringing liquefied sand with it,
creating sand boils. Figure 8-8 shows the liquefaction susceptibility in Portland.

8.2.3 Frequency

Many earthquake faults capable of producing damaging earthquakes exist in Portland. The greatest risk
is from the Cascadia Subduction Zone fault, which lies just offshore of the Oregon coast. The Cascadia
Subduction Zone has produced over 40 large magnitude earthquakes during the past 10,000 years,
most recently on January 26, 1700. Based on the 10,000-year record of past Cascadia earthquakes,
Oregon will certainly experience another Magnitude 8 to 9 earthquake (Goldfinger et al., 2012). The
fault is divided into roughly four segments. Geologic records indicate that sometimes the entire fault
ruptures at the same time and sometimes only some of the segments are involved (Stauth, 2016). ltis
believed that the southem portions of the fault rupture more frequently (between 220 and 380 years on
average) and northern sections, most likely to impact Portland, rupture every 350 to 430 years on
average (Stauth, 2016). Recent research conducted by Chris Goldfinger at Oregon State University
indicates that a rupture of the segment off central and northermn Oregon has a 15- to 20-percent chance
of occurring in the next 50 years, while a rupture on the northemn portion of the fault during the same
time period has 10 to 17 percent chance of occurring in the next 50 years (Stauth, 2016). A large
earthquake on this fault, which has the same type of subduction zone process as the 2011 Magnitude 9
earthquake in Japan, will be accompanied by a coastal tsunami.

The Portland Hills fault is located along the west bank of the Willamette River and can produce a
Magnitude 7 earthquake (USGS, 2008a). The estimated likelihood of this earthquake occurring is

1 percent in the next 50 years (USGS, 2016d). The fault is 30 miles long and consists of a complex of
fault zones, which include the Oatfield and East Bank faults (DOGAMI, 2001 and Wong et al_, 2001).

The Portland Hills fault runs northwest to southeast through Portland. According to DOGAMI, “It starts
roughly on the northern edge of Forest Park and runs along the foot of Portland's West Hills before
turning east on West Burnside Street for a few blocks and then turning southeast again through the
heart of downtown. The fault then crosses the Willamette River between the Marquam and Ross Island
bridges to Milwaukie and ends about a mile south of the Clackamas River near Oregon City and
Gladstone™ (DOGAMI, 2001).

The Oatfield fault runs west of Northwest Skyline Road from Sylvan Hill to Germantown Road through
Bonny Slope (DOGAMI, 2001). The East Bank fault on the east side of the Willamette River runs under
the University of Portland, Mocks Bottom, the Oregon Convention Center, Lloyd Center and Benson
and Central Catholic high schools. It appears to have been active within the last 11,000 years
(DOGAMI, 2001 and Wong et al., 2001).
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8.2.4 Severity

The severity of an earthquake can be expressed in terms of intensity or magnitude. Intensity represents
the observed effects of ground shaking on people, buildings, and natural features. The USGS has
created ground motion maps based on current information about several fault zones. These maps show
the PGA that has a certain probability (2 percent or 10 percent) of being exceeded in a 50-year period.
This can also be understood as a 0.04 percent annual chance of occurrence (roughly a 2,500-year
event) or a 0.2-percent annual chance (roughly a 500-year event), respectively. The PGA is measured
in numbers of g's (the acceleration associated with gravity). Figure 8-9 shows the PGAs with a 2-
percent exceedance chance in 50 years in the United States.

Magnitude is related to the amount of seismic energy released at the hypocenter of an earthquake. The
hypocenter is the point in the earth where are earthquake rupture starts. It is determined by the
amplitude of the earthquake waves recorded on instruments. Whereas intensity varies depending on
location with respect to the earthquake epicenter, magnitude is represented by a single, instrumentally
determined value for each earthquake event.

Earthquakes can last from a few seconds to over 5 minutes; they may also occur as a series of tremors
over several days. The actual movement of the ground in an earthquake is seldom the direct cause of
injury or death. Casualties generally result from falling objects and debris, because the shocks shake,
damage or demolish buildings and other structures. Disruption of communications, electrical power
supplies and gas, sewer and water lines should be expected. Earthquakes may trigger fires, landslides
or releases of hazardous material, compounding their disastrous effects. Additionally, earthquakes may
induce dam failures. After the 1999 Chi earthquake in Taiwan, the Shi-kang Dam failed after one side of
the concrete structure was raised by 30 feet by ground deformation (RMS5, 2000).

Small, local faults produce lower magnitude quakes, but ground shaking can be strong and damage
can be significant in areas close to the fault. In contrast, large regional faults can generate earthquakes
of great magnitudes but, because of their distance and depth, they may result in only moderate shaking
in an area.

In simplistic terms, the severty of an earthquake event can be measured in the following terms:

How hard did the ground shake?
How did the ground move? (Horizontally or vertically)

= How stable was the soil?

* How susceptible is the built environment in the area of impact (for example, building codes
used and presence of unreinforced masonry buildings)?

8.2.5 Warning Time

There is currently no reliable way to predict the day or month that an earthquake will occur at any given
location. Research is being done with warning systems that use the low energy waves that precede
major earthquakes. The USGS and university partners are developing and testing an early waming
system called ShakeAlert for the West Coast of the United States. The potential waming ranges from a
few seconds to tens of seconds notice that a major earthquake is about to occur (Earthquake Early
Warning, 2016). The warning time is very short but it could allow enough time to stop vehicles from
crossing bridges, turn on backup generators, open elevators doors, or slow trains.
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8.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

8.3.1 Overview

Earthquakes can cause large and sometimes disastrous landslides and mudslides. River valleys are
vulnerable to slope failure, often as a result of loss of cohesion in clay-rich soils. Sail liquefaction occurs
when water-saturated sands, silts or gravelly soils are shaken so violently that the individual grains lose
contact with one another and float freely in the water, turning the ground into a pudding-like liquid.
Building and road foundations lose load-bearing strength and may sink into what was previously solid
ground. Unless properly secured, hazardous materials can be released, causing significant damage to
the environment and people. Structure fires from broken gas lines also pose a significant hazard after
earthquake events.

8.3.2 Climate Change

The impacts of global climate change on earthquake probability are unknown. Some scientists say that
melting glaciers could induce tectonic activity. As ice melts and water runs off, tremendous amounts of
weight are shifted on the earth's crust. As newly freed crust returns to its original, pre-glacier shape, it
could cause seismic plates to slip and stimulate volcanic activity, according to research into prehistoric
earthquakes and volcanic activity. NASA and USGS scientists found that retreating glaciers in southern
Alaska may be opening the way for future earthquakes (NASA, 2004).

Secondary impacts of earthquakes could be magnified by climate change. Soils saturated by repetitive
storms could experience liquefaction or an increased propensity for slides during seismic activity due to
the increased saturation. Dams storing increased volumes of water due to changes in the hydrograph
could fail during seismic events. There are currently no models available to estimate these impacts.

8.4 EXPOSURE

8.4.1 Population

The entire population of Portland is potentially exposed to direct and indirect impacts from earthquakes.
The degree of exposure is dependent on many factors, including the age and construction type of the
structures people live in, the soil type their homes are constructed on, their proximity to fault locations,
etc. Whether directly impacted or indirectly impact, the entire population will have to deal with the
consequences of earthquakes to some degree. Business interruption could keep people from working,
road closures could isolate populations, and loss of functions of utilities could impact populations that
suffered no direct damage from an event itself.

8.4.2 Property

According to Multnomah County Assessor records, there are 193,837 buildings in Portland,

92 7 percent of them residential, with a total replacement value of $170.8 billion. Since all structures in
Portland are susceptible to earthquake impacts to varying degrees, this total represents the citywide
property exposure to seismic events.

8.4.3 Critical Facilities and Infrastructure

All critical facilities in Portland are exposed to the earthquake hazard. Table 4-7 and Table 4-8 in
Chapter 4 list the number of each type of facility by risk reporting area.
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8.4.4 Environment

All environment in Portland is potentially exposed to the earthquake hazard. Habitat could be impacted
by lateral spread, ground deformation or secondary impacts of earthquakes, such as landslides. Many
of these changes would occur abruptly, such as a change in a stream direction, while others would
occur more gradually, such as fallen trees allowing more light into an area and changing the
composition of species.

8.5 VULNERABILITY

Earthquake vulnerability data was evaluated using a Level 2 Hazus-MH analysis. Once the location and
size of a hypothetical earthquake are identified, Hazus-MH estimates the intensity of the ground
shaking, the number of buildings damaged, the damage to critical facilities and infrastructure, the
number of people displaced from their homes, and additional information that can be used to estimate
the costs of repair and cleanup.

8.5.1 Population

Liguefaction Potential

There are estimated to be 35,966 people—5.6 percent of the total City population—residing in high
liquefaction potential areas (see Table 8-4). The Southeast risk reporting area contains the largest
share of this population, with an estimated 42 percent (15,111). This is followed by the Southwest risk
reporting area with 24 .1 percent (8,653), North Portland with 13.7 percent (4,920) and East Portland
with 12.6 percent (4,540).

Table 8-4. Population Residing within High Ligquefaction Potential Areas
Population Residing within High Liquefaction Potential Areas a. b

pulation Exposed
Central City 1,625 4.5%
Central Northeast 320 0.9%
East Portland 4,540 12.6%
Morth Portland 4920 13.7%
Mortheast 0 0.0%
Southeast 15,111 42 0%
Southwest 8,653 24 1%
WestMorthwest 12 0.0%
Total 35,966 100.0%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.
b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block.

Table 8-5 shows social vulnerability indicators for the population residing in high liquefaction potential
areas. Persons over 65 years of age and renters appear to be disproportionately residing in these
areas. Elderly residents may have mobility issues that result in difficulty in moving to safe areas.
Renters do not have the authorty to make structural changes to their homes and, thus, are unable to
pursue structural mitigation measures. They also may lack renters’ insurance for their belongings.
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Table 8-5. Distribution of Social Vulnerability Indicators in High Liquefaction Potential Areas
Population Residing in High Liquefaction Potential Areas @, b,

Percent | Percent | Percentof Percent of Percent of Percmt of Limited
Under 15 | Over65 | Peopleof |Renter occupied|Families Below| English Speaking
Years Years Color Housing Poverty Level |  Households

Airport 54% 51% 31.8% 68.8% 19.8% 20.6%
Central City 26% 7.8% 12.9% 82 4% 13.8% 0.5%
Central Northeast 56% 52% 32 0% 66.5% 18.9% 19.7%
East Portland 17 6% 14.8% 26.3% 24 9% 10.7% 52%
North Portland 14 4% 17.7% 29 2% 22 1% 8.0% 3.8%
Northeast - - - - - -

Southeast 13.6% 12.0% 12.7% 58 4% 7.3% 2.2%
Southwest 12.1% 16.6% 13.6% 54 1% 4 9% 1.4%
West/Northwest 13.6% 13.3% 11.6% 22 3% 1.4% 0.0%
Total 13.1% 13.8% 17.5% 50.4% 7.6% 2.5%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

d.  Persons with disabiliies not shown because the available data, at a census fract scale, is not conducive to analysis by hazard extent
and location.

Displaced Households and Short-Term Shelter Needs

Displaced households and short-term shelter needs in Portland were estimated for the 100-year and
500-year probabilistic earthquakes and the two scenario events. The 100-year event can also be
expressed as a 39-percent chance of exceedance in 50 years; 500-year events are also described as
having a 10-percent chance of exceedance in 50 years.

Displaced households are estimated based on a loss of habitability, calculated from damage to the
residential building stock and anticipated loss of utilities such as water and power. Short-term shelter is
estimated based on the assumptions that all households residing in damaged structures will seek
alternative shelter; however, some households may stay with friends or relatives or make other
accommodations. Studies from past earthquake events also indicate that some households that
experienced no damage will also seek shelter, as will most individuals who lacked suitable shelter
before the event. These estimates are based on damaged structures and economic data, such as
income, that serve as indicators for the need for publicly provided shelters.Injury and Casualty
Estimates

Injury and casualty estimates in Portland were estimated for the 100-year and 500-year earthquakes
and the two scenario events. Results are broken down into four seventy levels:

* Level 1—Injuries require medical attention but hospitalization is not needed.

Level 2—Injuries require hospitalization but are not considered life-threatening

Level 3—Injuries require hospitalization and can become life threatening if not promptly treated.
* Level 4—Victims are killed by the earthquake.

Table 8-6 and Table 8-7 summarize the results. In general, the analysis shows that the Central City risk
reporting area would experience the greatest number of persons requiring short-term shelter.
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Injury and Casualty Estimates

Injury and casualty estimates in Portland were estimated for the 100-year and 500-year earthquakes
and the two scenario events. Results are broken down into four seventy levels:

Level 1—Injuries require medical attention but hospitalization is not needed.

Level 2—Injuries require hospitalization but are not considered life-threatening

Level 3—Injuries require hospitalization and can become life threatening if not promptly treated.
Level 4—Victims are killed by the earthquake.

Table 8-6. Estimated Earthquake Impact on Persons and Households

Displaced Householdsa Persons Requiring Short-Temm Shelter2
100-Year Earthquake 500-Year Earthquake
Number | % of Total Population | Mumber | % of Total Population
Airport 0 0 0 0.0% 1 Less than 0.1%
Central City 268 9185 129 0.3% 4 505 11.9%
Central Northeast 4 204 2 Less than 0.1% 117 0.2%
East Portland : 77 6 Less than 0.1% 510 0.3%
North Portland 12 724 7 Less than 0.1% 404 0.6%
Northeast 20 1,157 12 Less than 0.1% 676 1.2%
Southeast 48 2 563 24 Less than 0.1% 1,281 0.8%
Southwest 69 2147 30 Less than 0.1% 935 1.3%
West/Northwest B2 3,029 33 Less than 0.1% 1,246 4 6%
Total 513 19,726 243 Less than 0.1% 9,674 1.6%

a. Calculated using a Census fract level, general building stock analysis in Hazus 22,
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions.

Table 8-7. Estimated Earthquake Impact on Persons and Households
Displaced Households4 Persons Requiring Short-Term Shelterd

Portland Hills Cascadia M9.0 Portland Hills M6.5

' . Number | % of Total Population
Airport 0 0 0 0.0% 0 0.0%
Central City 2,886 13,762 1,417 3.7% 7,033 18.5%
Central Northeast 130 330 65 0.1% 166 0.3%
East Portland 309 195 233 0.2% 152 0.1%
North Portland 343 927 181 0.3% 547 0.8%
Northeast 278 1,165 161 0.3% 658 1.1%
Southeast 525 2,027 262 0.2% 1,006 0.7%
Southwest 542 1,920 233 0.3% 876 12%
West/Northwest 825 4,859 342 13% 2,000 74%
Total 5,838 25,186 2,893 0.5% 12,437 2.0%

a. Calculated using a Census fract level, general building stock analysis in Hazus 22,
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions.

The estimates are provided for three times of day when community members are likely to be pursuing
different activities and in different locations and types of buildings:

« 2:00 am—Community members are likely at home sleeping
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« 2:00 pm—Community members are likely at school, work or other activities
* 500 pm—Peak commute time.

Table B-8 summarizes the results. In general, the largest number of injunes and causalities are
expected to occur during the day while persons are out in the community.

Table 8-8. Estimated Injury and Casualty Estimates from Earthquake Scenario Events
Injury and Casualty County by Severity Level

2:00 AM 2:00 PM 5:00 PM
1 1 2 ]3] 4] 1] 203/ 4] 1]2]3]4

100-Year Earthquake 61 7 0 1 159 | 26 2 5 101 15 1 3
500-Year Earthquake 2093 540 78 153 5816 1663 264 516 3940 1113 176 340

Cascadia Fault, M3.0 Scenario 378 | 56 4 8 1370 246 27 53 918 164 18 @ 35
Porland Hills Fault, M6.5 Scenario 2591 670 97 190 5032 1310 196 381 3589 941 141 211

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

The following summarizes the results for each scenaro for the 2:00 pm timeframe:

* 100-Year Earthquake—191 persons killed or injured as a result of the earthquake, less than 0.1
percent of the total population

* 500-Year Earthquake—28,259 persons killed or injured as a result of the earthquake, 1.3 percent
of the total population

« (Cascadia Fault, M9.0 Scenario—1,696 persons killed or injured as a result of the earthquake,
0.3 percent of the total population

« Portland Hills Fault, M6_.5 Scenario—6,919 persons killed or injured as a result of the
earthquake, 1.1 percent of the total population

8.5.2 Property

Building Age

Building age—along with factors such as the soil a building is located on, retrofits for seismic
resistance, and construction matenals and methods—is a predictor of how well a building is likely to
perform during an earthquake. Oregon first adopted a statewide building code in 1974, and seismic
standards were adopted in 1993. Buildings constructed before 1974 are most likely to be damaged in a
large earthquake, while those constructed after 1993 are most likely to be able to withstand impacts. It
should be noted, however, that some buildings may have been retrofitted since their construction to
more fully comply with modern seismic codes. Table 8-9 shows year-built information provided in
Multnomah County Assessor records.

Table 8-9. Age of Structures in Portland

Pre-1974a 1974-1993 a Post-1993 a
Number of Number of Number of Number of
o

Airport 396 61.6% 108 17.0% 138 21.5% 643

Central City 2,020 76.3% 301 11.4% 328 12.4% 2,649
Central Northeast 15,335 88.1% 870 5.0% 1,201 6.9% 17,406
East Portland 28,675 65.9% 7,116 16.3% 7,964 18.2% 43,755
North Portland 18,899 T7.2% 1,793 7.3% 3,797 15.5% 24 489
MNortheast 18,921 89.6% ]| 2.7% 1,608 7.8% 20,680
Southeast 45 960 86.3% 2925 95.9% 4 385 8.2% 53,270
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Pre-1974a 1974-1993 a Post-1993 a Total
Number of Number of Number of Number of
St
Southwest 14,846 64 2% 9,727 24 8% 2,551 11.0% 23,124
West/Northwest 4,369 55.9% 1,142 14.6% 2310 29.5% 7,821
Total 149,021 76.9% 20,534 10.6% 24,282 12.5% 193,837

a.  Year built information was collected from Mulinomah County tax assessor data. When year built information was unavailable, it was
estimated based on census block or county-wide average year built dates.

The age of the building stock in Portland can be summarized as follows:

= 76.9 percent of buildings (149,021) in Portland were built before 1974.
* 10.6 percent of buildings (20,534) were built between 1974 and 1993.
* 12.5 percent of buildings (24,282) were built in 1993 or later.

More than half of the building stock was built before 1974 in all nsk reporting areas. Numbers ranges
from almost 56 percent in the West/Northwest to almost 90 percent in the Northeast.

Liguefaction Potential

Table 8-10 shows the estimated number and type of structures in high potential liquefaction areas.
There are 13,191 structures or 6.8 percent of the total building stock; 36 percent of these buildings
(4,774) are in the Southeast and 28 percent (3,777) are in North Portland. In addition, 6,090 structures
(3.1 percent of total structures) are in moderate liquefaction susceptibility areas.

Table 8-10. Structures Located in High Liguefaction Potential Areas

Number of Structuresa
Residential Commercial

Airport 297 105 170 0 111 0 643
Central Gity 107 234 29 2 16 1 389
Central Northeast 105 274 81 1 9 0 470
East Portland 844 299 48 2 18 4 1,213
Morth Portland 231 a7 465 176 42 [ 3,077
Mortheast 0 0 0 0 0 0 0
Southeast 4 352 350 44 17 6 5 4,774
Southwest 1,291 118 3 2 - 2 1416
West/Morthwest b 140 395 3 3 - s07
Total 9,293 2,271 1,195 203 205 18 13,191

a. Sfructure type assigned to best fit Hazus occupancy classes based on present use classifications provided by Multnomah County
assessor’s data. Where conflicting information was present in the available data, parcels were assumed to be improved.

Loss Potential

Structural and Non-Structural Loss

Property losses were estimated through the Level 2 Hazus-MH analysis for the 100-year and 500-year
earthquakes and the two scenario events. Table 8-11 through Table 8-14 show the results for two types
of property loss: structural loss (damage to building structures); and non-structural loss (the value of
lost contents). A summary of the property-related loss results is as follows:

829 TETRA TECH



37242

The Mitigation Action Plan Earthquake

= For a 100-year probabilistic earthquake, the estimated damage potential is $903.3 million, or
0.5 percent of the total replacement value for Portland.

= For a 500-year probabilistic earthquake, the estimated damage potential is $22 billion or
129 percent of the total replacement value for Portland.

= For a 9.0-magnitude Cascadia Fault event, the estimated damage potential is $7.3 billion, or
4 _3 percent of the total replacement value for Portland.

= For a 6.5-magnitude Portland Hills Fault event, the estimated damage potential is $23.8 billion,
or 14 percent of the total replacement value for Portland.

Table 8-11. Loss Estimates for the 100-Year Earthquake

Estimated Loss | Estimated Loss as % of Total
Contents eplacement Value
Airport $6,806,171 $2 097 634 $8,903 805 0.2%
Central City $212,643 110 $57 878,200 $270,521 310 09%
Central Northeast $21,197 147 $6,219 927 $27 417,074 0.3%
East Portland $39,255 492 $10,943 469 $50,198 962 02%
North Portland $112 462 142 $37 989016 $150.451 157 0.6%
Northeast $53,576,499 $16,961,371 $70,537 870 0.5%
Southeast $92 205 906 $27 212 453 $119.418 359 04%
Southwest $91,131,036 $28.830,336 $119,961 373 0.7%
West/Northwest $65 387 4493 $20,503,299 $85 890,792 0.6%
Total $694,664,997 $208,635,705 $903,300,702 0.5%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Table 8-12. Loss Estimates for the 500-Year Earthquake

Estimated Loss | Estimated Loss as % of Total
eplacement Value
Airport $132 495 537 $43,060,449 $175,555,987 44%
Central City $5,898,040,710 $1,521,890,941 $7,419,931,651 238%
Central Northeast $442 348 156 $143,099,184 $585,447 340 54%
East Portland $827,045,080 $248,014,229 $1,075,059,309 4.1%
North Portland $2 836,072,122 $1,012,558,771 $3,848,630,893 16.4%
Northeast $1,171,804,098 $362,788,692 $1,534,592 790 11.7%
Southeast $1,932 240 974 $572,621 699 $2 504,862 672 8.2%
Southwest $1,806,443 065 $627,857,122 $2,514,300,188 14.1%
West/Northwest $1,823 131 817 $583,155,189 $2 406,287 006 17.3%
Total $16,949,621,559 $5,115,046,277 $22,064,667,836 12.9%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Table 8-13. Loss Estimates for the Cascadia M9.0 Scenario Earthquake

Estimated Loss Estimated Loss as % of Total
Contents Replacement Value
Airport $274,151,253 $63.821 977 $337.973,230 8.5%
Central City $1,024 447 659 $160,011,908 $1,184 459 567 3.8%
Central Northeast $346,048 842 $86,088 583 $432 137424 40%
East Portland $572,600,541 $144 208 337 $716,809 878 28%
TETRA TECH
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Estimated Loss Estimated Loss as % of Total
Contents Replacement Value
North Portland $1,633,971 567 $445 062 992 $2.079,034 559 8.8%
Northeast $271,997 167 $63,676,196 $335,673,363 26%
Southeast $548 084 058 $139,071 846 $687 155,903 2.3%
Southwest $310,914, 118 $93,055,602 $403,969,720 23%
West/Northwest $902 214 849 $313,611,205 $1.215 826,054 8.7%
Total $5,884,430,054 $1,508,609,644 $1,393,039,699 4.3%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Table 8-14. Loss Estimates for the Portland Hills M6.5 Scenario Earthquake

Estimated Loss Estimated Loss as % of Total
Contents Replacement Value
Airport $200,222 211 $48 948 351 $249 170 562 6.3%
Central City $7 510,660 388 $1,938,611 406 $9.449 271,794 30.3%
Central Northeast $459.914 232 $129 954 308 $589 868 540 54%
East Portland $538,135,332 $173 625,581 $711,760,913 27%
North Portland $2 870,971 346 $937.371, 269 $3,808,342 615 16.2%
Northeast $1,025,801,909 $298,072,759 $1,323 874 669 10.1%
Southeast $1,648 783 858 $488,124 470 $2,136,908 329 7.0%
Southwest $1,296 370 256 $445431,042 $1,741 801 297 9.8%
West/Northwest $2 907 879,064 $948 284 162 $3,856 163 226 27 1%
Total $18,458,738,597 $5,408,423,348 $23,867,161,945 14.0%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Building Damage

The Hazus-MH analysis estimated expected building damage by occupancy as follows:

* For a 100-year probabilistic earthquake, about 1.3 percent (2,543) of Portland buildings are
expected to be at least moderately damaged. Less than 0.1 percent (31) are expected to be
damaged beyond repair, including 17 residential structures.

* For a 500-year probabilistic earthquake, about 19.5 percent (37,739) of Portland buildings are
expected to be at least moderately damaged. Approximately 1.8 percent (3,508) are expected to
be damaged beyond repair, including 1,136 residential structures.

* For the Cascadia M9.0 scenario earthquake, about 7.1 percent (13,896) of Portland buildings
are expected to be at least moderately damaged. Approximately 0.4 percent (B48) are expected
to be damaged beyond repair, including more than 306 residential structures.

* For the Portland Hills M6.5 scenario earthquake, about 21 percent (40,782) of Portland
buildings are expected to be at least moderately damaged. Approximately 1.7 percent (3,225)
are expected to be damaged beyond repair, including 1,239 residential structures.

Earthquake-Caused Debris

The Hazus-MH analysis estimated the amount of earthquake-caused debris for the 100-year and
500-year earthquakes and the two scenario events, as summarized in Table 8-15 and Table 8-16.

8-24
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8.5.3 Critical Facilities and Infrastructure

Hazardous materials releases can occur during an earthquake from fixed facilities or transportation-
related incidents. Transportation corridors can be disrupted during an earthquake, leading to the
release of matenals to the surrounding environment. Facilities holding hazardous matenals are of
particular concern because of possible isolation of neighborhoods surrounding them. During an
earthquake, structures storing these materials could rupture and leak into the surrounding area or an
adjacent waterway. This could have a disastrous effect on the environment and impede evacuations
and access for emergency response.

Table 8-15. Estimated Earthquake-Caused Debris for Probabilistic Earthquake Events
100-Year Earthquake 500-Year Earthquake

Airport 4511 180 92 356 3,694

Ceniral City 117 975 47119 3,147 160 125,886
Central Northeast 9,989 400 27 137 9,085

East Portland 16,280 663 358,808 14 352
North Portland 58,663 2.7 1,708,414 68,337
Northeast 168,847 794 491,166 19,647
Southeast 34,696 1,388 836,730 33472
Southwest 25,535 1,021 619,965 24,799
West/Northwest 30,614 1,225 969,597 38,784
Total 317,416 12,697 8,451,394 338,056

a. Debns generation estimates were based on updated general building stock dataset at a Census Tract analysis level.
b. Hazus-MH assumes 25 tonsftrucks
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions

Table 8-16. Estimated Earthquake-Caused Debris for Earthquake Scenario Events
Cascadia Fault, MS.0 Scenario Portland Hills Fault, M6.5 Scenario

‘ tons)3 Truckloads b tons)2 Truckloads b

Airport 229138 9.166 162,131 6,485

Central City 714,776 28591 4 065,742 162 630
Central Northeast 240 452 9618 249708 9,988

East Portland 350,800 14,032 243,030 9721

North Portland 1,152,746 46,110 1,732 616 69 305
Mortheast 139 606 5,584 448 702 17,948
Southeast 286 507 11,460 732,289 29292
Southwest 99 454 3978 396 395 14 256
West/Northwest 551,863 22075 1,519,592 60,784
Total 3,765,342 150,614 9,510,206 380,408

a. Debns generation estimates were based on updated general building stock dataset at a Census Tract analysis level.
b. Hazus-MH assumes 25 tonsftrucks
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions
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Fire can be a secondary hazard of earthquake- or landslide-induced release of hazardous matenals.
The proximity of Forest Park to this concentration of Portland's fuel infrastructure may increase the risk
of landslides or seismic events, leading to wildfires, especially under dry conditions. Much of Portland’s
critical infrastructure, particularly its energy infrastructure, is concentrated in a small area in the
northwest comer of the City, along the Willamette River. A separate study was conducted as part of this
plan update to evaluate risks and identify recommendations for improving resilience in the City’s Cntical
Energy Infrastructure (CEl) Hub. This study can be found in Appendix J.

Level of Damage

Hazus-MH classifies the vulnerability of crtical facilities to earthquake damage by assigning
probabilities of the likelihood of each facility expenencing one of five damage states: no damage, slight
damage, moderate damage, extensive damage, or complete damage. The model was used to assign a
vulnerability category to each critical facility in Portland based on the likelihood that the facility would
meet or exceed these damage states. The analysis was performed for all scenario events. The results
from the two Scenario Earthquake Events are shown in Table 8-17.

Table 8-17. Estimated Damage to Critical Facilities from Scenario Events

Cascadia M9.0 Portland Hills M6 5

Emergency Services 46 19 0 0 0 12 ] 25 21 2
High Potential Loss 0 70 89 1 0 0 6 50 60 44
Facilitiesb
Schools 323 0 0 0 0 a3 200 40 0 0
Other Assets 0 a7 11 0 0 0 1 27 23 17
Transportation Systems 54 40 0 40 27 2% 1 0
Utility Systems

Communications 0 25 0 0 0 0 9 13 3 0

Power 0 Ja7 0 0 0 0 20 330 0

Potable Water 10 336 0 0 0 11 264 45 26 0

Wastewater 0 140 0 0 0 0 90 49 1 0
Total 433 1,044 100 1 0 146 605 142 63

a.  Mumbers indicate faciliies that were assigned the damage state indicated based on probabilifies of meeting or exceeding the criteria
for the damage state. Damage states were assigned to the highest state exceeding 50 percent probability, meaning it is more likely
than not that facilities in this category will receive at least the amount of damage descnbed by the damage state.

b. Hazus does not calculate damage states for dams.

c. See Table 6-1 for a description of the facilities included in each category.

Time to Return to Functionality

Hazus-MH estimates the time to restore critical facilities to fully functional use. Results are presented
as probability of being functional at specified time increments: 1, 3, 7, 14, 30 and 90 days after the
event. For example, Hazus-MH may estimate that a facility has 5 percent chance of being fully
functional at Day 3, and a 95-percent chance of being fully functional at Day 90. The analysis of critical
facilities in Portland was performed for all scenario events. The results for the Cascadia M9.0 Scenario
and the Portland Hills MB6.5 scenario are summarized below Table B-18 and Table 8-19.
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Liguefaction Potential

The potential for soil liquefaction was utilized in the Hazus model for the damage and functionality
results for critical facility and point based features in the table above. Damage to linear based features,
such as levees and roads, is not assessed by the Hazus model. Such facilities located on liquefiable
soil may be particularly vulnerable to the earthquake hazards. The following describe critical
infrastructure located in these areas:

Table 8-18. Functionality of Critical Facilities for Cascadia M39.0 Scenario Event

| # of Critical Probability of Being Fully Functional (%

Facilities atDay1 | atDay3 | atDay7 | atDay 14 | at Day 30 | at Day 90
&0 60 85 85 94 95

Emergency Services 65

High Potential Loss 170 3 5 49 49 IE] 89
Facilities?
Schools 323 82 83 98 98 95 99
Other Assets 68
Transportation Systems 94 93 96 97 97 97 98
Utility Systems
Communications 25 91 98 a8 99 99 99
Power 387 68 89 95 98 99 99
Potable Water 346 78 95 98 99 99 99
Wastewater 140 o4 88 a7 97 98 99
Tﬂﬁﬂ 1,588 66 11 90 90 95 97

a. Hazus does not calculate functionality for dams.

Table 8-19. Functionali
|  # of Critical

of Critical Facilities for Portland Hill M6_5 Event

Faciies | atDay1 | atDay3 | atDay7 | atDay 14

Emergency Services 65 23 24 56 57 75 78
High Potential Loss 170 1 2 21 21 41 60
Facilitiesd
Schools 323 3 35 74 75 89 90
Other Assets 68 1 2 2 22 44 66
Transportation Systems 94 76 83 85 86 87 91
Utility Systems

Communications 25 83 87 83 96 g9

Power 357 33 54 70 81 88 97

Potable Water 346 84 91 93 95 97

Wastewater 140 31 69 87 89 94 99
Total/Average 1,588 36 48 66 69 79 86

a. Hazus does not calculate functionality for dams.

Transportation Related Infrastructure

The following major roads in Portland pass through high liquefaction potential areas:
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* N Hayden Island Dr. = 5E Foster Rd. = SW Beaverton Hillsdale
N Marine Dr_, NE Marine Dr. « 5SE Grand Ave. Hwy
N Martin Luther King Jr. Blvd_, = 5E Holgate Blvd. = SW Corbett Ave.
MNE Martin Luther King Jr. Bivd. = 5E Johnson Creek = SW Macadam Ave.
* NE Airport Way Bivd. = SW Moody Ave.
NE Cascades Parkway = 5E McLoughlin = |-205
* NW Front Ave. Blvd. (State = |5
« NW Naito Parkway, SW Naito Highway 99E) o -84
Parkway « 5SE Milwaukie Ave. * SW Beaverton Hillsdale
= SE Bybee Blvd. » SE Powell Bivd. Hwy

« SE Water Ave.

In addition, 237.82 miles (63.4) of railroad lines are located in high potential liquefaction areas and an
additional 79.33 miles (21.2 percent) are located in moderate liquefaction potential areas. The light rail
lines may also be vulnerable with 12.05 miles (22.8 percent) located in high liquefaction areas and an
additional 5.65 miles (10.7 percent) located in moderate liquefaction potential areas.

Utility Systems

Table 8-20 shows the mileage and percent of the citywide system located in high and moderate
liquefaction potential areas. The Portland Water Bureau System is currently conducting a Water
System Reliability Study to assess risk to the water system from seismic hazards.

Table 8-20. Utility Systems Within Liguefaction Potential Areas
High Ligquefaction Potential Areas Moderate Liguefaction Potential Areas

Infrastructure Type

Potable Water Backbone 2749 18.8% 8.80 6.2%

Wastewater System Collection Pipes AD6 47 15.4% 165.01 6.2%
Major Power Lines 11217 23.5% 4944 10.4%
Major Gas Lines 2105 25.2% 1558 18.7%
Levees

Almost all of the levees in Portland are located in high liguefaction potential areas (20.25 miles), with
the remaining 0.2 miles in moderate liquefaction potential areas. An assessment of a small portion of
the levee system conducted in 2001 determined that this portion of the system was safe fora 0.2-
percent seismic risk (Magnitude 6.2 event) and 0.04-percent seismic risk (approximately magnitude 7.0
event). The study also concluded that it would be unlikely for a seismic event alone to cause flooding in
areas protected by the levee. It was found that such flooding may occur if the earthquake occurred
concurrently with a major flood, although the probability of such events occurring simultaneously was
found to be low (USACE, 2001). However, other area levees may perform differently when exposed to
the same parameters; further study is needed.

8.5.4 Environment

The environment vulnerable to earthquake hazard is the same as the environment exposed to the
hazard. Groundwater supplies and adjacent water courses could be contaminated by spillage from
storage tanks. Air quality could be significantly compromised by fires started due to secondary impacts
from seismic events. Earthquake-induced landslides can significantly impact surrounding habitat. It is
also possible for streams to be rerouted after an earthquake. This can change the water quality,
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possibly damaging habitat and feeding areas. There is a possibility of streams fed by groundwater
drying up because of changes in underlying geology.

8.5.5 Economic Impact

Economic impact will be largely associated with the disruption of services caused by an earthquake
event. In general, significant events may cause damage to land, buildings, transportation infrastructure,
and businesses. Estimates of functionality for critical facilities and infrastructure for the scenario events
are shown in Table 8-18 and Table 8-19. Significant impacts may occur as a result of disruptions in the
supply chain, a focus on expending resources to rebuild lost resources (especially for resources not
covered by insurance), loss of wages, a downturn in tourism, and possibly a shortage in labor caused
by residents relocating outside the damaged area. With an event of such significance, economic
recovery could take years or decades, depending on available recovery funds.

8.6 FUTURE TRENDS IN DEVELOPMENT

Land use in Portland will be directed by the City’s Comprehensive Plan. Development in Portland will
be regulated through building standards and performance measures so that the degree of risk will be
reduced. Hazard-resilient design is addressed in the City’'s Comprehensive Plan and it addresses
geological hazards, including liquefaction potential, and the promotion of disaster resilient development.
New development in Portland will likely be less vulnerable to earthquake hazards than older
development due to higher regulatory standards for earthquake risk in modern building codes. In
addition, the City has identified several actions that will seek to strengthen existing development codes
and standards to the earthquake hazard.

New development in areas subject to liquefaction are of particular concemn due to their increased
vulnerability if proper structural measures are not taken. Although existing codes and ordinance should
mitigate these risks, not all nsk will be mitigated and critical infrastructure providing services to these
areas may be negatively impacted. Table 8-21 and Table 8-22 show future land use designations in
high and medium liquefaction potential areas, respectively. Citywide, the predominant land use in high
potential areas is designated as employment and industrial (58.3 percent), followed by open space
(249 percent).

8.7 SCENARIO

Any seismic activity of 6.0 or greater on faults in the general Portland region would have significant
impacts throughout Portland. An earthquake in the Cascadia Subduction Zone would have disastrous
consequences for the entire state and the region. Potential warning systems could give up to tens of
seconds’ notice that a major earthquake is about to occur.

Large magnitude earthquakes in the region could lead to massive structural failure of property on
liquefiable soils. Structural failure may be intensified if the earthquake occurs during winter when soils
are saturated. Heavy damage would also be expected in areas with substantial numbers of
unreinforced masonry buildings or older building stock that has not been brought up to current seismic
codes. Access to, from and around the City would be challenging, given the likelihood that bridges and
major transportation routes may be impassable. These events could cause secondary hazards,
including landslides and mudslides that would further damage structures. There is also a significant
potential for major hazardous materials in the CEl Hub and other areas with large concentrations of
hazardous materals on liquefiable soils.
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8.8 ISSUES

The following issues have been identified over the course of the planning process:

» ltis estimated that 76 percent of buildings (149,021) in Portland were built before 1974 when
the first provisions for seismic criteria were implemented. (Note: Some buildings have been
retrofitted, but data is not available to estimate the number and types of retrofits).

* ltis estimated that an additional 10.5 percent of buildings (20,534) in Portland were built
between 1974 and 1993 before modern seismic codes were in place.

* There are estimated to be 13,191 buildings located in high liquefaction susceptibility areas. This
is about 7 percent of all buildings in Portland. 36 percent of these buildings (4,774) are located
in the Southeast and 28 percent (3,777) are located in North Portland. An additional 6,090
buildings are located in moderate liquefaction susceptibility areas.

Table 8-21. Future Land Use Designations in Portland in High Potential Liguefaction Areas
Percent of total acres

RESIdEHtIEII
Single- Multi- Employment | Mixed Use &
Dwelllm Dwelling | Commercial | & Industrial | Institutional | Open Space

Airport 59,3079 3.8% 0.0% b6.68% 5 [}% 21.8%

Cenfral City 10569 70% 27 4% 40.8% 24 8%
Cenfral Northeast 1,657.0 ﬂ.ﬂ% 0.0% 0.0% 719.0% ﬂ.[}% 21.0%
East Poriland 2317 15.7% 1.6% 0.0% 63.8% 02% 16.8%
Morth Portland 11,086.1 3.2% 14% 0.0% 58.3% 71.7% 294%
Mortheast 0.0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Southeast 24027 29.3% 6.4% 0.0% 16.0% 9.8% 38.5%
Southwest 903.8 30.8% 220% 0.0% 0.0% 18.7% 28.5%
WestMorthwest 2,076 9 0.1% 0.0% 0.0% 97 6% 0.4% 1.8%
TOTAL 26,820.0 6.89% 3.1% 1.1% 58.3% 5.7% 24.9%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016.

Table 8-22. Future Land Use Designations in Portland in Moderate Potential Liquefaction Areas

Percent of total acres

Single- Multi- Employment | Mixed Use &
Dwelllm Dwelling | Commercial | & Industrial jiti

Airport 0.0 0.0% 0.0% 0.0% 0.0% 0%

Cenfral City 486.8 ﬂ.[ﬂi 2.7% 0.0% 40.0% 0.0% 4.6%
Cenfral Northeast 191.5 0.0% 0.3% 0.0% 87 9% 2.3% 9.5%
East Portland 147.8 12.2% 0.6% 0.0% 17 8% 44% 5.0%
Morth Portland 8431 1.9% 14% 0.0% 829% 7.3% b6.6%
Mortheast 153 4.4% 0.0% 0.0% 95.5% 0.1% 0.0%
Southeast 6979 69.9% 6.9% 0.0% 4.0% 14.5% 5.4%
Southwest 634.7 96.4% 7:5% 2.9% 0.3% 2.1% 30.6%
WestMorthwest 1,366.0 18.6% 27% 0.0% 36.0% 3.5% 37 3%
TOTAL 4,343.1 26.1% 3.6% 52.7% 39.3% 5.8% 19.4%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016.
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* The following social-vulnerability-related issues have been identified for high liquefaction
potential areas:

» People over 65 years of age may disproportionately reside in these areas in North
Portland (18 percent), Southwest (17 percent), and East Portland (15 percent).

» People of color may disproportionately reside in these areas in the Central Northeast (32
percent), Airport (32 percent), North Portland (29 percent) and East Portland (26
percent).

» Renters may disproportionally reside in these areas in the Central City (82 percent),
Airport (69 percent), Central Northeast (67 percent), Southeast (58 percent) and
Southwest (54 percent).

» Families with incomes below the poverty level may disproportionately reside in these
areas in the Airport (20 percent), Central Northeast (19 percent), and Central City (14
percent).

# Households with limited English speaking abilities may disproportionally reside in these
areas in the Airport (21 percent) and Central Northeast (20 percent).

* The following issues have been identified based on the 100-year probabilistic earthquake
scenario:

# All nsk reporting areas would experience damage.

» ltis estimated that 513 households will be displaced from their homes after an event and
243 of these people will seek shelter in public shelters. More than half of these people
are expected to reside in the Central City.

» More than 317,000 tons of debris would be expected from the event, which will require
approximately 12,680 truckloads to remove. Most debris (more than 30,000 tons) will be
in the Central City, North Portland, Southeast, and West/Northwest.

» All sk reporting areas have estimated damage of less than 1 percent of the total value
and about 0.5 percent of the total value of Portland would likely be damaged.

» ltis expected that 346 buildings in Portland will be extensively or completely damaged.
An additional 2,197 would be expected to be moderately damaged.

* The following issues have been identified based on the Cascadia M9.0 event earthquake
scenario:

# All nsk reporting areas would experience damage.

» ltis estimated that 5,838 households will be displaced from their homes after an event
and 2,893 of these people will seek shelter in public shelters. About half of these people
are expected to reside in the Central City.

» More than 3.7 million tons of debris would be expected from the event, which will require
approximately 148,000 truckloads to remove. Most debris (more than 500,000 tons) will
be in the Central City, West/Northwest, Southwest and Southeast.

» All sk reporting areas have estimated damaged of more than 2 percent of the total
value. The following risk reporting areas are expected to have damage of more than 8
percent of the total value: North Portland, West/Northwest and Airport. About 4.3 percent
of the total value of Portland would likely be damaged.

» ltis expected that 5,587 buildings in Portland will be extensively or completely damaged.
An additional 8,309 would be expected to be moderately damaged.

* The following issues have been identified based on the 500-year probabilistic earthquake
scenario:
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# All nsk reporting areas would experience damage.

» ltis estimated that 19,726 households will be displaced from their homes after an event
and 9,674 of these people will seek shelter in public shelters. About half of these people
are expected to reside in the Central City. Additionally, more than 1,200 people in the
Woest/ Northwest and Southeast may require shelter.

» More than 8.4 million tons of debris would be expected from the event, which will require
approximately 338,000 truckloads to remove. More than half of this debris will be in the
Central City and North Portland reporting areas.

» All sk reporting areas have estimated damaged of more than 4 percent of the total
value. The following risk reporting areas are expected to have damage of more than 10
percent of their total value: Central City, West/Northwest, Southwest, and Northeast.
About 12 9 percent of the total value of Portland would likely be damaged. About one
third of this damage would come from the Central City alone.

» ltis expected that 12,871 buildings in Portland will be extensively or completely
damaged. An additional 24,868 would be expected to be moderately damaged.

The following issues have been identified based on the Portland Hills M6.5 event earthquake
scenario:

# All nsk reporting areas would experience damage.

» ltis estimated that 25,186 households will be displaced from their homes after an event
and 12,437 of these people will seek shelter in public shelters. More than half of these
people are expected to reside in the Central City. Additionally, more than 1,000 people in
the West/ Northwest and Southeast may require shelter.

» More than 9.5 million tons of debris would be expected from the event, which will require
approximately 380,400 truckloads to remove. More than 75 percent of this debris will be
in the Central City, North Portland, and West/Northwest reporting areas.

» All sk reporting areas have estimated damaged of more than 5 percent of the total
value. The following risk reporting areas are expected to have damage of more than 10
percent of their total value: Central City, West/Northwest, North Portland and Northeast.
The Central City and West/Northwest would be expected to have damage in excess of
25 percent of the total value of the areas. About 14 percent of the total value of Portland
would likely be damaged.

» ltis expected that 12,948 buildings in Portland will be extensively or completely
damaged. An additional 27,834 would be expected to be moderately damaged.

Critical facility owners should be encouraged to create or enhance continuity of operations plans
using the information on risk and vulnerability developed for this plan.

Earthquakes could potentially trigger other natural hazard events such as dam failures, levee
failures and landslides, which could severely impact Portland or regional critical facilities.

There may be additional faults in or around the City of Portland that have not yet been
discovered.

After a major seismic event, the City of Portland is likely to experience disruptions in the flow of
goods and services due to the destruction of major transportation infrastructure across the
broader region.

In many outreach programs residents are instructed to be self-sufficient up to three days
following a major earthquake without government response agencies, utilities, private sector
services and infrastructure components. It is likely that after a major event, supplies for 72 hours
would not be sufficient. Residents should continue to be encouraged to start with three days and
over time build up supplies for up to two or three weeks.

8-32
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» Natural hazards have a devastating impact on businesses. Of all businesses that close following
a disaster, more than 43 percent never reopen, and an additional 29 percent close for good
within the next two years. The Institute of Business and Home Safety has developed “Open for
Business,” which is a disaster planning toolkit to help guide businesses in preparing for and
dealing with the adverse effects of natural hazards. The kit integrates protection from natural
disasters into companies’ risk reduction measures to safeguard employees, customers, and the
investment itself. The quide helps businesses secure human and physical resources during
disasters, and helps to develop strategies to maintain business continuity before, during, and
after a disaster occurs.

= An early warning system, ShakeAlert, is currently under development, but is not ready for public
use.
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9. LANDSLIDE

9.1 GENERAL BACKGROUND

Landslide is a general term for the dislodgment and fall of a
mass of soil or rocks along a sloped surface. Landslides
include mudflows, mudslides, debnis flows, rock falls, debris
avalanches, debns slides and earth flows. The susceptibility
of hillside and mountainous areas to landslides depends on
geology, topography, vegetation and weather. Landslides
may be triggered or exacerbated by development of sloping
ground or the creation of cut-and-fill slopes in areas of
inadequately stable geologic conditions (NHMP, 2010).

9.1.1 Landslide Types

Failure Types

Landslides are commonly categonized by the type of initial
ground failure. Figure 9-1 through Figure 9-4 show common
types of slides (Washington Department of Ecology, 2014).
The most commeon is the shallow colluvial slide, occurring
particularly in response to intense, short-duration storms.
Deep-seated slides are the largest and most destructive
landslides, but they are less common than other types. The

37242

DEFINITIONS

Landslide—The movement of masses
of loosened rock and soil down a hillside
or slope. Slope failures occur when the
strength of the soils forming the slope is
exceeded by the pressure, such as
weight or saturation, acting upon them.

Mass Movement—A collective term for
landslides, debris flows, falls and
sinkholes.

Mudslide (or Mudflow or Debris
Flow)}—A nver of rock, earth, organic
matter and other materials saturated
with water. Mudslides develop in the soil
overlying bedrock on sloping surfaces
when water rapidly accumulates in the
ground, such as during heavy rainfall or
rapid snowmelt. Water pressure in the
pore spaces of the material increases to
the point that the internal strength of the
s0il is drastically weakened. The soil's
reduced resistance can then easily be
overcome by gravity, changing the earth
into a flowing river of mud or “slurry.”

point of failure for deep landslides is typically within bedrock (generally more than 15 feet deep); the
point of failure for shallow landslides is commonly between the thin soil mantle and the top of the

bedrock. Deep landslides can occur in semi-consolidated sedimentary rocks in the Troutdale Formation
around the Portland area (Oregon Department of Land Conservation and Development, 2015).

Material and Movement Type

The following landslide types are defined by matenal type and movement mechanism (see Figure 9-5):

* Slides—A slide is a mass movement of material at a discrete weakness area, sliding from
stable underlying material. A rotafional slide occurs when there is movement along a concave
surface; a translational slide originates from movement along a non-curved surface.

* Flows—Flows include debns flows, debris avalanches, mudflows, creeps, earth flows, and
lahars. Channelized debris flows are commonly mobilized by other types of landslides on slopes
near a channel or by accelerated erosion in a channel during heavy rainfall or snow melt. Debns
flows tend to initiate in the upper reaches of a drainage and pick up matenal as they move
down. They can travel for several miles at speeds of more than 35 mph. At the mouth of the
channel, the matenial fans out due to reduced slope and lack of confinement. (DOGAMI, 2013).
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Source: Washington Depariment of Ecology

Large blocks of earth shift when

A thin layer of s0il and debris moves
groundwater levels ise.

rapidly down a steep slope

Figure 8-1. Deep Seated Slide Figure 9-2. Shallow Colluvial Slide

Mid-slope benches typically A large slide cuts deap into the |-r = &
indicate slide prone areas. slope, depositing tons of soil and P -
debris at the base. ks

Figure 3-3. Bench Slide Figure 9-4. Large Slide

* Spreads—This type of landslide generally occurs on gentle slope or flat terrain. Lateral spreads
are characterized by liquefaction of fine-grained soils. The event is typically tniggered by an
earthquake or human-caused rapid ground motion.

* Falls—Falls are the free-fall movement of rocks and boulders detached from steep slopes or
cliffs.

Topples—Topples are rocks and boulders that rotate forward and may become falls.

Complex—Any combination of landslide types (USGS, 2004 and DOGAMI, 2008 as cited in
NHMP, 2010).

9.1.2 Landslide Runout

In addition to the failure type, landslide risk assessment evaluates the post-failure movement of
loosened material, called “runout.” Runout is assessed for its travel distance and velocity. Mapping of
landslide risk areas generally indicates the location of the potential failure, but mapping of areas that
would be affected by the runout after the failure is not currently well-developed.
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Source: DOGAMI Landslide Fact Sheet, 2008

COMMON LAMDSLIDE TYPES

SLIDES — dewnslope maverment of sall or rock on & surface of upture
(faibure plane or shear-zone). [ommenly occurs 2bong an existing plane
of weakness or between upper, relatively weak and loveer, stronger soil
and/or reck. The main modes of slides are trarslational and rotational,

frarsational

FLOWS — rmixtures of water, soil, reck, and/for deloris that have become a
slurry and commonly move rapidly downslope. The main modes of flows
are unchannelized and channelized. Avalanches and [abars ae flows.
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SPREADS — extension and subsidence of commandy
ohesive matenals overlying liquefied
lapers.

TOPPLES / FALLS — rapid, nearly vertical, movements of masses
of mateniak such a5 ks ar boulders. Toppling faibunes are
distinguished by forward rotation about some
pivotal pomt below or low
in the mass.

togpie &

TRIGGERS AND COKDITIONS

Sligdes are commonly triggered by heavy rain, rapid
snow melt, earthguakes, grading/remcving
material frem battom of slope or adding loads to
the top of the slope, or concentrating water anto
a sloge [for example, fram agriculiuelandscape
Ierination, roof downspauts, or broken water/sever
lrves).

Slides generally occur an moderate to steep
shopes, especially inweak soil and rock.

Flows are commuanly triggered by intense rainfall,
rapid snow melt, or concentrated water on steep
shopes. Earth fows are the most common type of
wnchannelized flow. Avalanches ase aphd flows of
debris down very steep slopes,

#channefized flow commonly s1arts on a steep
shope a5 a small kandslide, which then enters a
charmel, picks wp mare debris and speed, and
finally deposits in a fan at the cutlet of the chamnel.

Debris flows, soemeetimes referred to a5 rapldly
moving landslides, are the most common type of
charmelized flow. Lahars are channelized debris
flows caused by volcanic eruptions.

Spreads are commonly triggered by earthguakes,
which can cause liquefaction of an underying layver,
Spreads usually occur on very gentle slopes near
open bodies of water.

Topples and falls are commanly triggered by freeze-
thew cpcles, earthquakes, tree root growth, infense
stoams, or excavation of material along the toe of a

dape or cliff, Tapples and falls usually accur in areas
with near vertical exposures of 5oil or rock.

EXAMPLES
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naioted by stmned trees)

chanmelized debris flow

Figure 9-5. Common Landslide Types and Conditions

Recent events such as the Oso landslide in Washington in March 2014 have changed the thinking of
the assessment of risk from landslide hazards. The Oso landslide was the deadliest single landslide
event in U_S. history (43 fatalities, 49 homes destroyed, damage in excess of $10 million). The damage
extended over 2.6 kilometers, although the failure location of the slide was less than a half-kilometer.
Most of the area impacted was damaged by the slide runout. This indicates the importance of
considering possible runout scenarios to accurately reflect the risk from landslide hazards.

9.1.3 Landslide Causes

Mass movements are caused by a combination of geological and climate conditions, as well as the
encroaching influence of urbanization. Vulnerable natural conditions are affected by human residential,
agricultural, commercial, and industrial development and the infrastructure that supports it.
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MNatural Conditions

MNatural processes can cause landslides or re-activate historical landslide sites. Rainfall-initiated
landslides tend to be smaller, while earthquake-induced landslides may be very large, but less frequent.
Countless small slides each year result from the removal of supporting material along water bodies by
currents and waves or undercutting during construction at the base of a slope. Seismic tremors can
trngger landslides on slopes historically known to have landslide movement. Earthquakes can also
cause lateral spreading on gentle slopes above steep stream and river banks. Landslides are
particularty common along stream banks, reservoir shorelines, large lakes and seacoasts. Concave-
shaped slopes with larger drainage areas appear to be more susceptible to landslides than other
landforms. Landslides associated with volcanic eruptions can include volumes approaching a cubic mile
of material. All soil types can be affected by natural landslide triggering conditions (Oregon Department
of Land Conservation and Development, 2000).

Excavation and Grading

Slope excavation is common in the development of home sites or roads on sloping terrain. Grading can
result in some slopes that are steeper than the pre-existing natural slopes. Since slope steepnessis a
major factor in landslides, these steeper slopes can be at an increased nisk for landslides. The added
weight of fill placed on slopes can also result in an increased landslide hazard. Small landslides can be
fairly common along roads, in either the road cut or the road fill. Landslides occurring below new
construction sites are indicators of the potential impacts stemming from excavation. In addition,
historical landslide areas are more susceptible to construction-triggered sliding than are undisturbed
slopes (Oregon Department of Land Conservation and Development, 2000).

A Portland State University study (Burns et al., 1998) found that changes to the slope through cutting or
filling increased the risk of 76 percent of inventoried landslides in the Portland 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. A Seattle landslide study found that human influence played some
role in 84 percent of recorded slides (Winters, 2015).

Drainage and Groundwater Alterations

Water flowing through or above ground is often the trigger for landslides. Any activity that increases the
amount of water flowing into landslide-prone slopes can increase landslide hazards. Broken or leaking
water or sewer lines can be especially problematic, as can water retention facilities that direct water
onto slopes. However, even lawn irrigation and minor alterations to small streams in landslide prone
locations can result in damaging landslides. Ineffective stormwater management and excess runoff can
also cause erosion and increase the risk of landslide hazards. Drainage can be affected naturally by the
geology and topography of an area. Development that results in an increase in impervious surface
impairs the ability of the land to absorb water and may redirect water to other areas. Channels,
streams, flooding, and erosion on slopes all indicate potential slope problems. Road and driveway
drains, gutters, downspouts, and other constructed drainage facilities can concentrate and accelerate
flow. Ground saturation and concentrated flow are major causes of slope problems and may trigger
landslides (Oregon Department of Land Conservation and Development, 2000).

Changes in Vegetation

Removing vegetation from very steep slopes can increase landslide hazards. A study by the Oregon
Department of Forestry found that landslide hazards in three out of four steeply sloped areas were
highest for roughly 10 years after timber harvesting (Oregon Department of Forestry, 1999). A more
recent study of a heavy rain event on Vancouver Island, Canada found that low forest density,
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indicating regrowth areas, and proximity to forest service roads were jointly associated with a 6- to 9-
fold increase in the odds of a landslide (Goetz et al_, 2015). Areas that have experienced wildfire and
land clearing for development may have long periods of increased landslide hazard. In addition, woody
debris in stream channels (both natural and man-made from logging) may cause the impacts of debris
flows to be more severe (Oregon Department of Land Conservation and Development, 2000).

9.1.4 Indicators of Possible Landslide
The following are recognized indicators of a possible landslide (NHMP, 2010):

= 5Springs, seeps or wet ground that is not typically wet

= New cracks or bulges in the ground or pavement

* 5Soil subsiding from a foundation

= Secondary structures (decks, patios) tilting or moving away from main structures
* Broken water line or other underground utility

* Leaning structures that were previously straight

» Offset fence lines

= Sunken or dropped-down road beds

* Rapid increase in stream levels, sometimes with increased turbidity

* Rapid decrease in stream levels even though it is raining or recently stopped
= Sticking doors and windows, visible spaces indicating frames out of plumb.

9.1.5 Landslide Management

The largest landslides are often naturally occurring phenomena with little or no human contribution. The
sites of large landslides are typically areas of previous landslide movement that are periodically
reactivated by significant precipitation or seismic events. Such naturally occurring landslides can disrupt
roadways and other infrastructure lifelines, destroy private property, and cause flooding, bank erosion
and rapid channel migration. Landslides can create immediate, critical threats to public safety, and
engineering solutions to protect structures from large active landslides are often prohibitively expensive.

In spite of their destructive potential, landslides can serve functions that are beneficial to the natural
environment. They supply sediment and large wood to a stream network, contributing to complexity and
dynamic channel behavior critical for aquatic and riparian ecological diversity. Effective landslide
management should include the following elements:

+ Continuing investigation to identify natural landslides, understand their mechanics, assess their
risk to public health and welfare, and understand their role in ecological systems

* Regulation of development in or near existing landslides or areas of natural instability

* Preparation for emergency response to landslides to facilitate rapid, coordinated action among
local government and state and federal agencies, and to provide emergency assistance to
affected or at-risk residents

» Evaluation of options including landslide stabilization or structure relocation where landslides
are identified that threaten critical public structures or infrastructure.

The State of Oregon has statewide planning goals that require comprehensive plans at the local level to
reduce risk to people and property from natural hazards, which include geologically hazardous areas
such as areas prone to landslide (Oregon Department of Land Conservation and Development, 2002).
The City of Portland City Code 33.632 and Title 24 and the Oregon State Structural Specialty Code
Section 1803 discourage development in landslide hazard areas; however, development may be
allowed when certain requirements are met (Portland Bureau of Development Services, 2016). These
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requirements include a mandatory landslide hazard study, to include the following (Portland Bureau of
Development Services, 2014):

* Review of current landslide inventory and hazard maps, geologic literature, LIDAR, etc. for the
site

* A visual reconnaissance of the site and surrounding area
A description of current topography and observable geologic features and hazards
Engineering recommendations for the layout and design of the land, including:

» ldentification of portions of the site that are suitable for development in a manner that
reasonably limits the risk of landslide potential on the site and nearby properties

» Recommendations for specific improvements, engineering requirements, or alternative

development options to reasonably limit risks

Hazardous or no-build areas within the subdivision, if any, and/or building setback

distances from slopes

Building locations and foundation designs

Driveway and/or street locations

Utility trench locations

Retaining walls, associated drainage and discharge systems, if any

Grading requirements for building sites, driveways or streets

Impact of tree removal on slope stability

Stormwater and groundwater disposal methods for new lots and evaluation of existing

systems to remain, as well as evaluation of runoff and stormwater disposal from

adjacent property that may impact the proposed development

Infiltration testing per the Bureau of Environmental Services Stormwater Management

Manual, unless both the certified engineering geologist and professional engineer

determine the site is not suitable for onsite infiltration

» Subsurface exploration logs

# Slope stability calculations.

v
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v

= A statement of on-site slope stability after the proposed development is complete
* A statement of the estimated effect of the development on stormwater and groundwater runoff
as it relates to slope stability and landslide hazard, and a proposed method of control.

9.2 HAZARD PROFILE
9.2.1 Past Events

Landslides are a major geclogic hazard in Oregon and the impact of landslides on property and life
safety for Oregonians will increase as population increases and development advances into more
landslide-prone urban areas. In a typical year, an estimated $10 million is spent on landslide losses in
Oregon (DOGAMI, 2008 as cited in NHMP, 2010). Since 2006, there have been seven Presidential
Disaster Declarations in response to landslides in Oregon (FEMA, 2016b). Recent studies by DOGAMI
have determined that 35 percent of Oregon is in high or very high landslide susceptibility zones
(DOGAMI, 2016).

Landslides have created problems in and around Portland's hills. Landslides result in private property
damage, and many impact transportation comdors, fuel and energy conduits and communication
facilities. In October 2008, a devastating landslide destroyed two homes and severely compromised
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another three. There were no casualties from this event, but it displaced the families from the destroyed
homes and shut down a transportation route for an extended period of time (NHMP, 2010).

Much of the terrain in northwest Oregon is hilly and susceptible to slides; however, many slides take
place in undeveloped areas and are unreported or even unnoticed. A statewide DOGAMI survey of
winter storm landslides in 1996 and 1997 reported 9,582 documented slides (NHMP, 2010). This
included 700 in the Portland Metropolitan region (Burns et al_, 1998). In the City of Portland, 17 homes
were completely destroyed and 64 were badly damaged. There were no serious injuries associated
with the landslides in Portland or in other urban areas of Oregon during the 1996 storms (Oregon
Department of Land Conservation and Development, 2015).

Historically, long periods of winter rain and heavy snowfall trigger landslides. These landslides may
affect city roads and key emergency transportation routes. Wildfires have removed vegetation from
hillsides and significantly increased runoff and landslide potential. On the steep-sloped Willamette
Escarpment (Oaks Bottom and Mocks Crest Park natural areas) fires followed by repeated landslides
have left many areas void of vegetation. Table 9-1 and Table 9-2 give an overview of the historical
landslides and their impacts.

Table 9-1. Historical Landslides

Approximate Location or Type Number of Landslides

1895 Washington Park 1
1957 Children’s Museum, World Forestry Center, Oregon oo 1
1972 I-5 near Portland 1
1996 Dodson, OR — Multnomah Counfy 1

February & December flood events. Portland Metro Area. Four main areas of concemn: 700+

* West Hills

+ Steep slopes along Willamette River (Le. Oaks Bottom, Swan Island)

+ SE Portland

» Steep Areas along Columbia & north Willamette Rivers
1996-2002  Portland (varied locations)

2005 Debris Flow — Mud Flow

Earth Flow

Mud Flow

Slump — Debris Flow

Slump — Earth Flow/Rock Fall
2006 Debris Slide

Earth Flow

Earth Flow — Debnis Slide

Earth Flow — Mud Flow

Earth Flow — Rock Fall

Rock Fall

Slump — Debris Flow

Slump — Earth Flow

Slump — Earth Flow/Debris

Type Unknown
2007 Debris Flow

Debris Shide

Earth Flow

nmm—x—x—x—x—x—x—xmnnm—n—nm—né
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Approximate Location or Type Number of Landslides

1
5
1
2
1
1
1
3
1
4
3
1
1
1
2
1
3
2
4
1
2
2
1
1
1
1
3
1
1
1
1
1
4
2
1
1
1
7
b
1
1
22

Flow
Rock Fall
Rock Fall — Earth Flow
Slump — Earth Flow
Slump — Debns Flow/Earth
Slump — Earth Flow/Debris
Slump — Earth Flow/Rock Fall

2008 Debns Slide
Debns Slide — Rock Fall
Earth Flow
Earth Flow — Debnis Flow
Earth Flow — Rock Fall
Fault Scarp
Potential Debris Flow
Rock Fall
Slump — Earth Flow
Slump — Earth Flow/Rock Fall
Type Unknown

2009 Debns Slide
Debns Slide — Earth Flow
Debns Slide — Mud Flow
Earth Flow
Earth Flow — Debns Flow
Earth Flow — Mud Flow
Earth Slide
Possible Earth Flow
Rock Fall
Rock Fall — Mud Flow
Slump — Debris Flow
Slump — Earth Flow/Debris
Slump — Earth Flow/Rock Fall
Type Unknown

2010 Rock fall
Earth Flow
Debris Flow
Rock Slide
Rotational Earth
Type Unknown

2012 Type Unknown

2014 Rock Slide
Rock fall

TOTAL

Source: NHMP, 2010 and SLIDO 3.2 last updated December 29, 2014

—
-
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Table 9-2. Portland Landslide Events: Impacted Highways (2004-2014

US 26 2004 — present Rock FallRock Slide
2006 Rock Fall
2007 Rock FallRock Slide
US 30 2009 Debris Flow
2010 Rock Fall
2014 Rock Slide
US 30 Bypass (N. Bridge Ave-North) 2008 Rock Fall
US 99w 2005 Sail Cut-Slope Failure (construction)
2007 Rock Fall
2008 Rock Fall
2009 Soil Cut-Slope Failure (construction)

Source: NHMP, 2010 and SLIDO 3.2, last updated December 29, 2014

9.2.2 Location

The best available predictor of where movement of landslides might occur is the location of past events.
Past landslides can be recognized by their distinctive topographic shapes, which can remain in place
for thousands of years. Most landslides recognizable in this fashion range from a few acres to several
square miles. Most show no evidence of recent movement and are not currently active. A small
proportion of them may become active in any given year, with movements concentrated within all or
part of the landslide masses or around their edges.

In general, the probability of slope failure increases with an increase in slope incline. However,
depending on factors such as soil type and water content, a slope having a relatively low incline could
be at greater risk of failure than another slope having a relatively high incline. Other factors that
influence susceptibility include rock type, water content, vegetative cover and type, slope aspect,
permeability and rate of infiltration, proximity to seismic sources, and magnitude of seismic events. In
addition, unconsolidated deposits of alluvial and glacial outwash materials are subject to accelerated
stream bank erosion and landslides. The possibility of failure also increases in sloped areas where
humans have disturbed the soil and vegetation such as cutback projects and timber reduction areas
(NHMP, 2010).

Several data sets identify existing landslide areas for Oregon and Portland. These include DOGAMI
5P-34 (landslide points from the 1996-1997 storms) and DOGAMI State Landslide Identification
Database of Oregon (SLIDO), which was recently updated to version 3.2 in 2014 (landslide polygons
from previous geologic and hazard mapping).

Recent studies have shown that the use of LIDAR to map landslides results in a significant
improvement in the ability to locate historical landslides. DOGAMI has compared landslide mapping
using existing techniques (time-series air photo survey and three other remote sensing types of data
sets) to mapping with LIDAR in the Portland Hills. The LIDAR reveals many more slides and allows
spatially accurate delineation of slide boundaries. Oregon City was the first city in the state to have a
landslide map created by DOGAMI using the LIDAR technology (Burns and Madin, 2008 as cited in
NHMP, 2010). Since then LIDAR maps of landslide hazards have become available for many counties
and communities across Oregon (DOGAMI, 2016). The City of Portland has been working with
DOGAMI to create such maps, which are now in the process of review (NHMP, 2010).
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The most recent product by DOGAMI is a landslide susceptibility map for the entire state of Oregon.
This map will provide landslide hazard information for regional planning and specifically identify areas
where more detailed landslide mapping is needed (2016).

Two data sets were used for the risk assessment of the landslide hazard (see Figure 9-6):

« DOGAMI historical landslide deposits.
» City of Portland regulatory landslide hazard area—This dataset is currently used for permitting
purposes and was created from three sources:

» Areas identified and mapped by Metro as earthquake hazard areas

» Areas delineated as zones of high landslide potential in a study conducted by Portland
State University based on the mapping of 676 landslide events that occurred as a result
of the February 1996 storms

» All land within the City that has a slope of 15 percent or greater.

The Oregon Department of Forestry's Sftorm Impacts and Landslides of 1996 Final Report assesses
the impacts of landslides for the 1996 winter storms. The study included eight study areas, but did not
provide a detailed inventory of landslide prone areas outside the very small study area. This study
concluded that the highest hazard for shallow rapid landslides in western Oregon occurs on slopes of
over 70 percent to B0 percent, depending on landform and geology (NHMF, 2010).

The geographic extent of landslide events is essentially the same as slide location. The effects depend
on what infrastructure is in the way of a slide, as well as the magnitude and force of the slide itself. The
extent can be limited to one building or property or can be region-wide, as in the case of a major
transportation disruption, slide-induced dam failure or utility outage (NHMP, 2010).

9.2.3 Frequency

Landslides are an annual occurrence in Oregon during the rainy months, October through May. They
generally result from intense or prolonged rainfall, particularly during a rain on snow event. Slope
alteration and shape can affect recurrence-interval. Recurrence intervals for steep terrain can range
from 50 to 5,000 years, with some debris flow recurrence intervals of less than 10 years (Cregon, 2004
as cited in NHMP, 2010). Several steep-sloped natural areas are prone to yearly landslides: Forest
Park, Terwilliger Wildlands, Marquam Nature Park and the Willamette Escarpment east of the
Willamette River are notable (NHMP, 2010).

In general, landslides are most likely during periods of higher than average rainfall. The ground must be
saturated prior to the onset of a major storm for significant landslides to occur. Most local landslides
occur in January after the water table has risen during the wet months of November and December.
Water is involved in nearly all cases; and human influence has been identified in more than B0 percent
of reported slides.

9.2.4 Severity

Landslides destroy property and infrastructure and can take the lives of people. Slope failures in the
United States result in an average of 25 lives lost per year and an annual cost to society of about

$1.5 billion. According to NOAA, the 1997 and 2006 storms caused in excess of $20 million in property
damage due to landslides. This was about half of all damage caused by the storm. The landslides
caused by the storm also caused tens of millions of dollars of damage to road infrastructure.

910 TETRA TECH



Hi 1
EFREMCNT- sr} Fﬁf

>
3

Ly
- [
-

i TILLAMOOK ST &
an — MEHALSEVST™L W # 5

1 EI i ' i : .
II'.:" e I? : ! ! /’-' — -Glmm-sr 3 ) §
NSID £ -- - E-BURNSIDE. 5 T__}

; |
—E-BURNSIDE'S]
=-SE-STARK ST | E
-SEB | MONT-ST = : { || SE-STARK: sr_w..“q

W
o —SE-LINCOLN-5T-
SE DIVISION ST

>
[ g S

E
& sE HOL
L
ki

—
é & SE-DUKE ST {373
L]

X
I
%

k5
]

Saeptember 12, 2016
Mitigation
Action Plan (MAP)

Figure 9-6.
Regulatory Landslide
Hazard Area

Legend

munm City Boundary

Historic Landslide
Deposits

Landslide Hazard
Area
NORTH
0 075 15
w1 Miles

Sources: DOGAMI-2015;
City of Portland-2015, 2018

37242




37242

The Mitigation Action Plan Landslide

The potential impacts from landslides can be widespread. Landslides can impact transportation and rail
routes, utility systems, and water and wastewater treatment infrastructure, along with public, private
and business structures adjacent to steep slopes, along rniverine embankments, or within alluvial fans or
natural drainages. Utility disruptions are usually local and terrain-dependent. Damage may require
reestablishing electrical, communications, and gas pipeline connections occurring from specific
breakage points. Initial debris clearing from emergency routes and high traffic areas may be required.
Water and wastewater utilities may need treatment to quickly improve water quality by reducing
excessive water turbidity and reestablishing waste disposal capability (NHMP, 2010).

The 2014 landslide in Oso, Washington showed the devastating damage that can be caused by
landslides. The slide traveled over 60 mph, covering over a square mile of land and depositing a
thickness of 15 to 75 feet in some areas. The slide caused 43 fatalities and 12 injuries, destroyed 37
homes, and destroyed over a mile of state highway. The debris blocked the North Fork Stillaguamish
River for over 24 hours, backing up a pool of water that flooded the valley about 2 miles upstream and
reached approximately 20 feet deep, inundating an additional six homes. Total property damage was
estimated at $60 million (NOAA, 2015).

9.2.5 Warning Time

Mass movements can occur suddenly or slowly. The velocity may range from a slow creep of inches
per year to many feet per second, depending on slope angle, material and water content. Some
methods used to monitor mass movements can provide an idea of the type of movement and the
amount of time prior to failure. It is also possible to determine what areas are at nsk during general time
periods. Assessing the geology, vegetation and amount of predicted precipitation for an area can help
in these predictions. However, there is no practical warning system for individual landslides. The
current standard operating procedure is to monitor situations on a case-by-case basis, and respond
after the event has occurred.

The USGS has an installation in the West Hills of Portland that monitors and detects changes in local
conditions such as rainfall, groundwater pressure and soil water content. Data collection at this site
supports research on hydrologic factors that control landslide initiation, and may provide advance
warning of landslide conditions in the local area. Residents can also receive hazard alerts through
MNational Weather Service advisories, through the federal Wireless Emergency Alert system, or through
the Portland Bureau of Emergency Management's PublicAlerts website (DOGAMI, 2015).

9.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

9.3.1 Overview

Landslides can cause several types of secondary effects, such as blocking access to roads, which can
isolate residents and businesses and delay commercial, public and private transportation. This could
result in economic losses for businesses and prevent residents from accessing food, medicines, and
other important supplies. Other potential problems resulting from landslides are power and
communication failures. Vegetation or poles on slopes can be knocked over, resulting in possible
losses to power and communication lines. Landslides also have the potential of destabilizing the
foundation of structures, which may result in monetary loss for residents. They can damage nivers or
streams, potentially harming water quality, fisheries and spawning habitat.

Landslides often occur with other natural hazards and human-caused activities, thereby exacerbating
conditions, as described below (NHMP, 2010):
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= Earthquake shaking can trigger events ranging from rock falls and topples to massive slides.

* Intense or prolonged precipitation can saturate slopes and cause failures leading to landslides.

* Landslides into a reservoir can indirectly compromise dam safety; a landslide can even affect
the dam itself.

« Wildfires can remove vegetation from hillsides, significantly increasing runoff and landslide
potential.

* Volcanic eruptions have been known to cause some of the largest landslides in the world.

* Development related activities such as increased runoff, excavation in hillsides, non-engineered
fill and shocks and vibrations from construction can contribute to or trigger landslides.
Construction projects accomplished without regard to geography, landslide toe locations, or
historic slide events can increase landslide potential.

* Broken underground water mains can saturate soil and destabilize slopes, initiating slides.

* Blocked culverts can increase and alter water flow, thereby increasing the potential for a
landslide event in an area with high natural risk.

+ Natural weathering and decomposition of geologic material and alterations in flow of surface
water or groundwater can further increase the potential for landslides (NHMP, 2010).

9.3.2 Invasive Species and Erosion

The presence of invasive species and erosion can impact the likelihood of a landslide occurring.
Invasive species often have shorter root systems, providing less anchoring capabilities for slopes that
may be likely to fail. Invasive fungal species that damage trees and other vegetation, such as Swiss
needle cast disease infecting Douglas fir trees throughout Portland, can contribute to increased wildfire
risk and lead to increased incidence of landslides. Landslides are impacted by erosion, especially if the
erosion is occurring in areas undercutting steep slopes susceptible to slides.

9.3.3 Climate Change

Climate change may impact storm pattemns, increasing the probability of more frequent, intense storms
with varying duration. Warming temperatures also could increase the occurrence and duration of
droughts and insect and fungal infestations, which would increase the probability of wildfire, reducing
the vegetation that helps to support steep slopes. All of these factors would increase the probability for
landslide occurrences. The City of Portland and Multnomah County Climate Change Preparation
Strategy (2014) indicates that an increased incidence of landslides due to climate change as a result of
season precipitation patterns is likely.

9.4 EXPOSURE

9.4.1 Population

A population estimate for exposure to the landslide hazard was made by determining the percent of
residential buildings in each risk reporting area located in mapped landslide areas and multiplying this
percent by the total population for each area. This method may underestimate actual exposure to the
landslide hazard area, as potential runout areas have not been identified and were not included in the
assessment. Using this approach, the estimated population living in the landslide risk areas is 89,133 or
14.5 percent of the city-wide population. Table 9-3 shows the landslide hazard exposure by risk
reporting area. The West/Northwest and Southwest area have substantial exposure to this hazard, with
78 percent and 82 percent of the population exposed, respectively. Table 9-4 shows the estimated
percent of the population residing in landslide hazard areas by social vulnerability indicators. City-wide,
the elderly population may be disproportionately residing in these hazard areas.
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Table 9-3. Estimated Population Residing in Landslide Risk Areas

% of Total Population

Airport 0 0.0%
Central City 3723 9.8%
Central Northeast 454 1.0%
East Portland 3,597 24%
North Portland 1,200 1.8%
Northeast 255 0.4%
Southeast 1574 1.0%
Southwest 57 440 81.8%
West/Northwest 20,890 77.7%
Total 89,133 14.5%

a. Value calculated as percent of residential bulldings exposed multiplied by the estimated population.
Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitations.

Table 9-4. Distribution of Social Vulnerability Indicators in Landslide Hazard Areas
igh Landslide Hazard Areas a b. ¢, d

5 : o

Percent Percent Percent of Percent of Percent of Percent of Limited

Under 15 | Over65 | Peopleof |Renter occupied|Families Below| English Speaking
Years Years Color Housing Poverty Level Households

Airport 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Central City 4.8% 13.5% 16.0% 79.0% 6.0% 0.3%
Central Northeast 114% 24.0% 21.8% 37.8% 13.1% 8.3%
East Portland 223% 11.4% 25.8% 225% 7.1% 72%
North Portland 12.8% 8.8% 174% 36.8% 9.5% 1.6%
Northeast T0% 21.2% 16.5% 68.3% 29% 0.1%
Southeast 12.0% 18.4% 122% 29.8% 3.7% 1.9%
Southwest 19.1% 13.1% 125% 39.5% 2.1% 1.3%
West/Northwest 14.4% 13.4% 16.9% 33.8% 3.5% 12%
Total 15.0% 13.2% 14.4% 35.4% 4.8% 1.5%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

d.  Persons with disabiliies not shown because the available data, at a census fract scale, is not conducive to analysis by hazard extent
and location.

9.4.2 Property

Table 9-5 shows the number and replacement value of structures exposed to the landslide risk. There
are more than 26,000 structures in the landslide risk areas, with an estimated value of $20.6 billion.
Over 96 percent of the exposed structures are dwellings. Table 9-6 lists the type of structures exposed.

9.4.3 Critical Facilities and Infrastructure

Table 9-7 and Table 9-8 summarize the cntical facilities and infrastructure exposed to the landslide
hazard.
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Table 9-5. Exposure and Value of Structures in Landslide Risk Areas
| Number of Exposed Value
Buildings as % of Total
Replacement Value
Airport 0 50 $0 $0 0.0%
Central City 136 $304,493 439 $228.473,839 $532 967 278 1.7%
Central Northeast 166 $83,602 166 $57 966,469 $141 588 635 1.3%
East Portland 1,021 $299,034 886 $155,669 463 $454 704 349 1.7%
North Portland 458 $446 697 999 $465,509,089 $912 207 088 3.9%
Northeast 97 $100,818 118 $78,368 497 $179,186 615 1.4%
Southeast o504 $356,360 397 $231,647 166 $588 007 563 1.9%
Southwest 18,778 $8,184 557 210 $5,913 498 269 $14,098,055479 792%
West/Northwest 5,160 $2 403 388,313 $1,386,316 435 $3,789,704 748 27 2%
Total 26,370 $12,178,952,528.18  $8,517,469,227.39  $20,696,421,756 12.1%

Table 9-6. Structure Type Exposed in the Landslide Hazard Area

Number of Structuresa

pirport 0 0 0 0 0 0 0
Central City B4 3 12 0 5 0 136
Central Northeast 153 4 0 B 1 0 166
East Porfland 1,002 17 0 2 0 0 1021
North Portland 389 3% 12 1 5 15 458
Northeast 87 5 0 0 4 1 o1
Southeast 518 23 6 0 0 7 554
Southwest 18,228 390 3 50 38 69 18,778
West/Northwest 4,880 232 28 1 1 B 5160
Total 25,341 742 61 62 64 100 26370

a. Sfructure type assigned to best fit Hazus occupancy classes based on present use classifications provided by Multnomah County
assessor’s data. Where conflicting information was present in the available data, parcels were assumed to be improved.

Table 9-7. Critical Facilities in Landslide Risk Areas2

Mumber of Critical Facilities in | andslide Hazard Areas

) Other Assets Total
Airport 0 0 0 0 0
Central City 0 0 0 0 0
Central Northeast 0 0 1 0 1
East Portland 0 0 0 0 0
West/Northwest 1 3 ] 1 10
North Portland 0 2 0 0 2
Mortheast 1 0 0 0 1
Southeast 0 0 0 0 0
Southwest 8 1 36 7
Outside City Boundary ] 0 0 ] 0
Total 10 6 42 8 66

a. See Table 6-1 for a description of the faciliies included in each category.
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Table 9-8. Critical Infrastructure in Landslide Risk Areasa@

NMumber of Critical Infrastructure Facilities in Landslide Hazard Areas

Utility Systems
Airport 0 0 0 0 0 0
Central City 0 1 0 1 1 3
Central Northeast 2 1 0 2 0 5
East Portland 0 1 0 h 1 1
West/Northwest 4 2 2 25 1 34
North Portland 0 0 0 0 5 5
Northeast 1 0 0 0 0 1
Southeast 0 1 0 2 3 6
Southwest 7 5 1 34 b 53
Outside City Boundary 0 0 0 12 0 12
Total 14 1 2 81 17 125

a. See Table 6-1 for a description of the faciliies included in each category.

The following linear infrastructure can be exposed to landslides:

* Roads—Access to major roads is crucial to life-safety after a disaster event and to response
and recovery operations. Landslides can block egress and ingress on roads, causing isolation
for neighborhoods, traffic problems and delays for public and private transportation. This can
result in economic losses for businesses. The following major roads in Portland cross through
mapped landslide hazard areas:

> 1205 > NW St Helens Rd » SW Macadam Ave.
» |5 (US Highway 30) » SW Montgomery Dr.
» 184 » 5E MclLoughlin Blvd #  SW Multnomah Blvd.
» 1405 (State Highway 99E) » SW Naito Pkwy

» N Interstate Ave. » SW Barbur Bivd. » SW Sunset Highway
% N Willamette Bivd. » SW Beaverton- (US Highway 26)

%  NW Comell Rd. Hillsdale Highway * SW Taylors Ferry Rd.
» NW Gemantown Rd. » SW Boones Ferry » SW Terwilliger Blvd.
» NW Skyline Bivd. Rd » W Bumside Rd.

> SW Capitol Highway

» Bridges—Landslides can significantly impact road bridges. They can knock out bridge
abutments or significantly weaken the soil supporting them, making them hazardous for use.

* Power Lines—Power lines are generally elevated above steep slopes, but the towers
supporting them can be subject to landslides. A landslide could trigger failure of the soil
underneath a tower, causing it to collapse and ripping down the lines. Power and
communication failures due to landslides can create problems for vulnerable populations and
businesses. There are 87.61 miles (18.4 percent of the city-wide system) of power lines in
mapped landslide hazard areas.

* Gas Lines—There are 12.43 miles of major gas lines in landslide hazard areas. Almost half of
this exposure is in West/Northwest, another 43 percent is in Southwest.

* Rail Lines—25.51 miles (6.8 percent) of rail lines and 4.09 miles (7.7 percent) of light rail lines
are in mapped landslide hazard areas.
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9.4.4 Environment

Environmental problems as a result of mass movements can be numerous. Landslides that fall into
streams may significantly impact fish and wildlife habitat, as well as affecting water quality. Hillsides
that provide wildlife habitat can be lost for prolonged periods of time due to landslides. The Bull Run
Watershed may be adversely impacted by landslides. Although no water supply related structures are
located in known landslide hazard areas in the watershed, it is possible that large or numerous slides in
the watershed could result in turbidity and the need to close the water source for a time.

9.5 VULNERABILITY
9.5.1 Population

In general, all of the estimated 89,133 persons exposed to the landslide hazard areas are considered to
be vulnerable. Elderly and disabled residents and others with access and functional needs may have
difficulty evacuating in the event of a quickly moving slide. Additionally, residents with mobility
challenges may be less likely to notice the warning signs that typically proceed a slide event (see
Section 9.1.4) if they are having challenges keeping up with house and yard maintenance activities.

If population and development on steep slopes or other potential landslide hazard areas increase,
vulnerable populations may also increase. The City of Portland Bureau of Development Services
regulates and reviews proposed development projects, including residential developments, located in
known and potential landslide hazard areas.

9.5.2 Property

Loss estimations for the landslide hazard are not based on damage functions, because no damage
functions have been generated. Instead, potential loss estimates were developed representing

10 percent, 30 percent and 50 percent of the replacement value of exposed structures. This allows
emergency managers to select a range of economic impact based on an estimate of the percent of
damage to the general building stock. Damage in excess of 50 percent is considered to be substantial
by most building codes and typically requires total reconstruction of the structure. Table 9-9 shows the
general building stock loss potential in landslide risk areas.

Table 9-8. | oss Potential for Landslide

Potential Loss

Airport $0 $0 $0 $0
Central City $532 967 278 $53,296,728 $159,890,183 $266,483,639
Central Northeast $141,588 635 $14, 158 864 $42 476 591 $70,794 318
East Portland $454,704,349 545470435 $136.411,305 $227 352 175
North Portland $912 207 088 $91,220 709 $273 662 126 $456,103 544
Northeast $179,186,615 $17 918 662 $53,755,985 $89,593,308
Southeast $588,007 563 $58 800,756 $176 402 269 $294 003,782
Southwest $14,098 055479 $1,409 805 548 54,229 416,644 $7,049,027 740
West/Northwest $3,789.704 748 $378 970,475 $1,136,911 424 $1,894 852 374
Total $20,696,421,156 $2,069,642,176 $6,208,926,527 $10,348,210,878
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9.5.3 Critical Facilities and Infrastructure

There are almost 200 critical facilities exposed to the landslide hazard to some degree. No loss
estimation of these facilities was performed due to the lack of established damage functions for the
landslide hazard. A more in-depth analysis of the mitigation measures taken by these facilities to
prevent damage from mass movements should be done to determine if they could withstand impacts of
a mass movement. At this time, all infrastructure and transportation corridors identified as exposed to
the landslide hazard are considered vulnerable until more information becomes available.

9.5.4 Environment

The environment vulnerable to landslide hazard is the same as the environment exposed to the hazard.

9.6 FUTURE TRENDS IN DEVELOPMENT

The City of Portland is equipped to handle future growth within landslide hazard areas. lts
comprehensive plan addresses landslide nsk areas through goals and polices related to environmental
health, directing growth away from high-risk areas through downzoning, designing with nature and the
promotion of hazard resilient design. BD'S regulates development in potential landslide hazard areas. A
geotechnical report is required for commercial and residential permit applications on steep slopes, as
well as recommendations for mitigating the risk from landslide. The City of Portland has committed to
the continued integration of the Comprehensive Plan and the MAP. This enhances the opportunity for
wise land use decisions as future growth impacts landslide hazard areas.

Table 9-10 shows the future land use designations for mapped landslide hazard area. The majority of
the land area is designated as single-dwelling residential (50.3 percent), followed by open space

(38.7 percent).

Tahle 9-10. Fuiure Land Use Designations in Portland in Landslide Hazard Areas
Percent of total acres

Residential Employment & | Mixed Use &
Single-Dwelling | Muli-Dwelling | Commercial Industrial Instrtutional Open Space
0.00% 0.00% 58.90%

Airport 0.8 J0.40% 5.70%

1 0.00% 1 .

Central City 166.6 0.60% 12.80% 39.10% 46.70% 0.10% 4 60%

Central Northeast 236.7 37.10% 0.20% 0.00% 4.80% 7.40% 90.40%
East Portland 1,350.50 47.00% 2.00% 0.00% 1.40% 0.00% 43.50%
North Portland x27 21.00% 2.70% 0.00% 27.30% 2510% 23.90%
Northeast 76.1 23.80% 6.90% 0.00% 40.90% 22.00% 6.80%

Southeast 208.2 32.60% 6.60% 0.00% 6.80% 12.00% 42 .00%
Southwest 9,266.90 68.80% 5.80% 0.00% 0.10% 8.40% 17.00%
West/Northwest 9,499.50 36.70% 1.40% 0.00% 1.70% 0.50% 99.60%
TOTAL 21,658.0 50.3% 3.6% 0.3% 2.3% 4.9% 38.7%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016.

9.7 SCENARIO

Major landslides in Portland occur as a result of soils that have been affected by severe storms,
groundwater or human development. The worst-case scenario would generally correspond to a severe
storm that had heavy rain and caused flooding. Landslides are most likely during late winter when the
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water table is high. After heavy rains from November to December, soils become saturated with water.
As water seeps downward through upper soils that may consist of permeable sands and gravels and
accumulates on impermeable silt, it will cause weakness and destabilization in the slope. A short,
intense storm could cause saturated soil to move, resulting in landslides. As rains continue, the
groundwater table rises, adding to the weakening of the slope.

Landslides are becoming more of a concern as development moves outside of city centers into areas
with less infrastructure. Most landslide would be isolated events affecting specific areas. It is probable
that private and public property, including infrastructure, would be affected. Landslides could affect
bridges that pass over landslide-prone ravines and knock out rail service throughout Portland. Road
obstructions caused by landslides would create isolation problems for residents and businesses in
sparsely developed areas. Property owners exposed to steep slopes may suffer damage to property or
structures. Landslides carrying vegetation such as shrubs and trees may cause a break in utility lines,
cutting off power and communication access to residents.

Continued heavy rains and flooding will complicate the problem further. As emergency response
resources are applied to problems with flooding, it is possible they will be unavailable to assist with
landslides occurring all over Portland.

9.8 ISSUES

Important issues associated with landslides in Portland include the following:

* There are existing homes in landslide risk areas throughout Portland. The degree of
vulnerability of these structures depends on the codes and standards the structures were
constructed to. Information to this level of detail is not currently available.

* Future development could lead to more homes in landslide risk areas.

= The nisk associated with the landslide hazard overlaps the risk associated with other hazards
such as earthquake, flood and wildfire. This provides an opportunity to seek mitigation
alternatives with multiple objectives that can reduce risk for multiple hazards.

All nsk reporting areas aside from the Airport area have landslide exposure.

It is estimated that more than 89,000 people reside in landslide hazard areas. More than half of
this exposure is in the Southwest reporting area and an additional 25 percent is in the
West/Northwest risk reporting area. Eighty-two percent and 77 percent of the total population in
these areas are believed to be exposed to the landslide hazard.

* More than 26,370 buildings are estimated to be exposed to the landslide hazard. The risk
reporting areas with more than 1,000 buildings exposed include Southwest, West/Northwest,
and East Portland. More than 70 percent of the buildings exposed are in the Southwest
reporting area.

= The total value of exposed contents and structures in Portland is estimated to be more than
$20.6 billion, or 12.1 percent of the total value of Portland. About 68 percent of this exposure is
in the Southwest reporting area.

* The vast majority of buildings exposed are residential (96 percent, 25,341). There are also 742
commercial buildings exposed, 64 government buildings, 62 religious services buildings, and 61
industrial buildings.

* The following social-vulnerability-related issues have been identified for landslide hazard areas:

» Children under 15 years of age may disproportionately reside in landslide hazard areas
in the East Portland (22 percent) risk reporting area.
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» People over 65 years of age may disproportionately reside in landslide hazard areas in
the Central Northeast (24 percent), Northeast (21 percent), Southeast (18 percent),
Central City (14 percent), Southwest (13 percent) and West/Northwest (13 percent) risk
reporting areas.

» People of color may disproportionately reside in landslide hazard areas in the East
Portland risk reporting area (26 percent).

» Renters may disproportionately reside in landslide hazard areas in the Central City
(75 percent) and Northeast (68 percent) risk reporting areas.

# Households with limited English speaking abilities may disproportionally reside in
landslide hazard areas in the Central Northeast (8 percent) and East Portland
(7 percent) risk reporting areas.

There are 192 critical facilities in the landslide hazard area.

Mapping and assessment of landslide hazards are constantly evolving. As new data and
science become available, assessments of landslide risk should be reevaluated. This is
especially true for runout modelling, which is not currently well understood.

The impact of climate change on landslides is uncertain. Climate change impacts that alter
vegetation patterns, increase the occurrence of wildfires or alter precipitation patterns may
increase exposure to landslide risks.

Landslides may cause negative environmental consequences, including water quality
degradation.

Areas with significant landslide risk should be monitored, to the extent possible, immediately
following a possible triggering event.

Facilities that contain hazardous materials located in landslide hazard areas may present
additional risks for Portland.

Currently available maps do not indicate runout (where a landslide might go). Current maps
show the area that might be unstable, but do not offer a complete picture of areas at risk. New
mapping is currently being developed by DOGAMI.

9-20
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10. WILDFIRE

10.1 GENERAL BACKGROUND

DEFINITIONS
A wildfire is any uncontrolled fire on undeveloped land =  Wildland-Urban Interface (WUI) Area—An
that requires fire suppression. Wildfires can be ignited by ?"tﬁ' “{“E{Ed-‘"*:‘-‘“ﬁm;ﬁ 3:'3 3“15;;-3"‘ tf{:.l E“If are
lightning or by human activity such as smoking, N :h‘?;:"ig%:ne to 1';“3 Dr:c:ﬁﬁm :?wil dli nd
campfires, equipment use, or arson. Oregon’s Building fires (Oregon OEM, 2015).
Code encourages local governments to designate «  Wildfire Hazard Zone— the portion of a local
portions of their jurisdictions subject to catastrophic fire government jurisdiction that has been
as Wildfire Hazard Zones. The purpose of these zones is determined to be at risk of a catasfrophic
to define areas where buildings need to be made more wildfire (Oregon OEM, 2013).

survivable from fires spreading through adjacent
wildlands. Three factors vital to wildfire risk are included in the methodology for mapping these zones:
weather, topography, and vegetative fuel factor.

10.1.1 Weather

Extreme weather leads to extreme fire events, and it is often a moderation of the weather that marks
the end of a wildfire’s growth. High temperatures and low humidity can produce vigorous fire activity.
Winds may play a dominant role in directing the course of a fire. Strong, dry winds produce extreme fire
conditions. The most damaging firestorms are usually marked by high winds.

10.1.2 Topography

The movement of air over the terrain tends to direct a fire's course. Gulches and canyons can funnel air
and act as a chimney, intensifying fire behavior and inducing faster rates of spread. Saddles on ridge
tops offer lower resistance to the passage of air and will draw fires. Solar heating of drier, south-facing
slopes produces upslope thermal winds that can complicate fire behavior. On steep slopes, fuels on the
uphill side of a fire are closer to the source of heat. Fire travels downslope much more slowly than it
does upslope, and ridge tops often mark the end of wildfire's rapid spread.

10.1.3 Fuels

Fuels are classified by weight or volume and by type, including living and dead vegetation on the
ground, brush and small trees on the surface, and tree canopies above the ground. Fuel loading, often
expressed in tons per acre, indicates the amount of vegetative matenal available. Some fuels burn
more easily or release more energy than others. Lighter fuels such as grasses, leaves and needles
quickly expel moisture and burn rapidly, while heavier fuels such as tree branches, logs and trunks take
longer to warm and ignite.

In Portland, wildfires burn fuels in large natural area parks and open spaces at the wildland urban
interface and in the interior of the city. Wildfires can be categorized as occurring in the following
locations (NHMP, 2010):
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* Wildland Urban Interface (WUI)—Fires involving the wildland/urban interface occur in areas
where urbanization and the presence of natural vegetation fuels allow a fire to spread rapidly
from natural fuels to structures and vice versa. Especially in the early stage of such fires,
structural fire suppression resources can be quickly overwhelmed, increasing the potential
number of structures destroyed. Such fires are known for the large number of structures
simultaneously exposed to fire. Nationally, wildland/urban interface fires commonly produce
widespread losses.

* Urban—While these fires rarely spread out of control, due to proximity to fire resources and less
fuel between buildings, urban conflagration is a hazard in densely populated areas. Many of the
same factors that influence hazard in wildland/urban interface areas come into play in urban
centers. Drought, high temperatures and fuel load are joined by factors such as flammable
building materials, aging electrical wiring and closely packed structures to increase fire hazard.

10.2 HAZARD PROFILE
10.2.1 Past Events

All of Portland’s natural ecosystems have been highly modified by humans. Historically, indigenous
people purposely ignited large portions of the basin valley annually for agriculture, hunting,
communication, warfare, visibility, safety and sanitation. Such systemic buming continued to shape the
landscape to protect timber and property in the region (NHMP, 2010). When Anglo settlers arrived, they
plowed native praines and logged or cleared evergreen forests. Strategic seasonal bumning ceased. As
a result, woodlands grew denser and deciduous trees grew in among the evergreens. The mixed
evergreen-deciduous forests we see today are much less fire prone than are pure evergreen forests. In
part as a result of historic fires and logging, 70 percent of Forest Park is fairly fire resistant as is much
of the forest that rings Powell Butte. But over several decades these forests will grow back to
evergreens (NHMP, 2010).

The Multnomah County Community Wildfire Protection Plan (2011), lists the following dates and
descriptions of fires that have impacted the City of Portland area:

= 1889 —Balch Creek Canyon Fire started with what is now known as the NW Industnal area
burned westerly over Portland’s West hills towards the Cascade Mountains in a roughly 2 mile
by 7 mile swath, or approximately 9000 acres. Source: Portland Fire & Rescue

* August 7, 1939—The fire began in the Dutch Creek Canyon area near Scappoose, just west of
Forest Park. The flames spread to Pisgah Mountain Home, an Asylum with about 60 elderly
inmates. Despite the efforts of over 200 firefighters, 20 mile per hour winds fanned the fire to
jump the canyon into a large timber stand. As the fire spread into Washington County, near
MNorth Plains, the Northwest Cregon Forest Protective Association deployed over 1500 men to
fight the blaze. Although many farmers and timber operators lost homes and equipment, the
most serious loss was to forested timberlands. Over 14,000 acres were lost. Investigators
attributed the destruction to a carelessly tossed cigarette. Source: The Chronicle Area news
Archives

* 1940—The Bonny Slope Fire kindled in the southern portion of what is now known as Forest
Park and bumed westerly along the ridges then tumed somewhat north as it crested the west
hills towards the housing development now known as Forest Heights. It burned approximately
an area approximately 1,000 acres. Source: Portland Fire & Rescue

* August 19, 1951—Burma Road Fire was a quick-moving urban wildfire started in Forest Park
near Leif Erikson Road. The fire raced up and over view point ridge flames 50 feet high were
recorded as the fire consumed over 100 acres in the span of one evening. Over 500 City of
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Portland staff battled the blaze. Firefighters made a fire lane on Thompson Road on Skyline
Ridge to carry equipment and personnel to the fire. The fire bumed to the southwest broke over
to Forest Heights. When the fire was finally extinguished 3,000 acres in the heart of forest park
were bumed. Source: Portland Fire & Rescue

* August 8, 2001 and 2002—Mocks Crest Fire caused Residents living on the Willamette
Boulevard bluff near University of Portland nearly lost their homes and a large part of their
community. In a dramatic team effort firefighters and citizens stopped the 5 Alarm wildland
urban interface fire just before it overwhelmed the structures in its path. It bumed approximately
38 acres. This area ignited again the following year, buming 10 acres. Source: Portland Fire &
Rescue

* August 2002 and September 2003—FPowell Butte had three relatively small wildland urban
interface fires that totaled 54.75 acres. Source: Portland Fire & Rescue

The Oregon Natural Hazard Mitigation Plan records only one significant wildfire event impacting the
region surrounding the City of Portland. The Columbia fire, which occurred in 1902 bumed
approximately 170,000 acres in Clackamas and Multnomah counties (Oregon Department of Land
Conservation and Development, 2015). According to the FEMA Disaster Declarations database there
have been no federally declared disasters involving fire in Portland (FEMA, 2016b).

10.2.2 Location

Designated Wildfire Hazard Zones

According to the Oregon Natural Hazard Mitigation Plan, the Portland metropolitan area is designated
as a wildland-urban interface community (Oregon Department of Land Conservation and Development,
2015). The City of Portland, responsive to changes in Oregon Building code, designated areas of the
City as vulnerable to wildfire hazards in 2002 (see Figure 10-1). The purpose of these zones is to
define areas where buildings need to be made more survivable from fires spreading through nearby
wildlands.

Much of the land area designated as at risk to wildfire in the city includes parks, open space and
adjacent areas. The city’s park natural areas designated as wildfire hazard areas include Powell Butte,
the Willamette Bluffs or Escarpment, (Oaks Bottom and Mock’s Crest) Marquam Nature Park,
Terwilliger Wildlands, Kelly Butte, Rocky Butte and Mt. Tabor. The two largest areas are Forest Park
and Powell Butte (NHMP, 2010). These natural areas have been identified as high risk by Oregon
Department of Forestry and Portland Fire and Rescue because high-density commercial and residential
development immediately surround the natural area parks and open spaces (NHMP, 2010).

Forest Park comprises the city’s largest urban natural area which encompasses over 5,000 acres
extending approximately eight miles along the northeast slope of the Tualatin Mountains. This area
includes a diverse ecosystem with myriad bird, plant and animal species. Mixed deciduous (70 percent)
and conifer (30 percent) growth reduce catastrophic fire potential in this location but could quickly
change during intense dry seasons. Grasslands and large patches of flammable invasive species are at
the edges of the park and in power line and utility corridors. These areas are often susceptible to fire
(NHMP, 2010).
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Powell Butte Nature Park, the adjacent Clatsop Butte Park natural area, and the treed Johnson Creek
floodplain encompass over 1,000 acres of parks, dense tree canopy and urban interface development
in Southeast Portland. Powell Butte is also the site of the Water Bureau's above and underground
reservoir system. Powell Butte's vast meadowlands and interspersed forests are the focus of the
wildfire threat in this area. The park’'s east side is at risk due to the close proximity of development to
the meadow and the east winds of late summer and early autumn which, if ignited, could spread fires
west to the forested area of the park. With the exception of some housing in close proximity to the
meadow near the park entrance most development is downhill from the park, on the west slopes,
sheltered from the dry winds (NHMP, 2010).

In Southwest and Northwest Portland the steep slopes of Forest Park, Marquam Nature Park and
Terwilliger Wildlands, face into the strong, dry, east winds that funnel out of the Columbia Gorge most
autumns. In Southeast Portland, Powell Butte, Mt. Tabor Park, Kelley Butte and Rocky Butte have a
similar landscape position facing the east winds. Many of the developments that hug the west side of
Forest Park or are at the top of the Willamette Escarpment were built without consideration of the path
of historic fires (NHMP, 2010).

The Willamette Bluffs fires of 2000 and 2001 refocused the City’s attention to reducing fuel loads
through intergovernmental coordination. The Portland Wildfire Readiness Assessment and Gap
Analysis Plan (City of Portland, 2009) funded through Pre-Disaster Mitigation Grant funds, suggested
that work is needed to “reduce wildfire risks to homes and their neighborhoods closest to the city's
heavily forested areas. The Plan recommended improving zoning codes that require or encourage fire-
resistant building matenals, reducing hazardous fuels within a few hundred feet of buildings and
maintaining adequate emergency vehicle access (Portland 2009c¢)." (as cited in NHMP, 2010).
According to a recent status report on the implementation of the Gap Analysis recommendations (see
Attachment A of the 5-year progress report) such code changes have not yet been adopted and
implemented by the City.

Community Wildfire Protection Plan Communities at Risk

In 2010 the Oregon Department of Forestry, Multnomah County Emergency Management, and the City
of Portland’s Wildfire Technical committee began work on the development of a community wildfire
protection plan. Through this planning process local communities at nsk were identified that were
determined to be particularly vulnerable to wildfire. The results of this assessment are non-regulatory in
nature and were intended to provide a starting point for “coordination and collaboration among
agencies and the public in the County to identify and prioritize future wildfire projects and assists in
meeting federal planning requirements and qualifying for assistance programs” (Multnomah County,
2011). It was noted in the plan that although the mapping produced for the assessment was more
recent, the Portland Wildfire Zones provide greater detail (Multnomah County, 2011). Communities at
risk within the areas covered by Portland Fire & Rescue and the Port of Portland Airport Fire
Department are shown in Table 10-1.

10.2.3 Frequency

In Oregon, wildfire season normally begins in late June, peaks in August, and ends in October.
However, a combination of above normal-temperatures and drought can increase the length of the
typical fire season. Wildfire hazards would be highest during prolonged periods of drought, especially
after periods of below normal rainfall, which would result in a combination of high fuel loads and
unusually dry conditions (NHMP, 2010). Based on the historical record of seven fires impacting
Portland in the past 127 years, the average recurrence interval for a fire is 18 years.
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Table 10-1. Community Wildfire Protection Plan Communities at Risk
Communities at Risk

Priority Level Portland Fire & Rescue Port of Portland Airpo

High Linnton s Flrose Road
Forest Park/Skyline Road s Government Island
Forest Heights

Willamette Bluffs Escarpment

Rocky Butte

Kelly Butte

Powell Butte

Johnson Creek Watershed

Oaks Bottom

Mount Tabor
Springwater and Flavel
Pittock Mansion Area
Tryon Creek

Terwilliger Creek

Zoo and Hoyt Arboretum

Southwest Porfland Cemetery
» Sullivan’s Gulch
» Smith-Bybee Lake

Source: Mulinomah County Community Wildfire Protection Plan, 2011

Medium

Low

10.2.4 Severity

Wildfires can range from isolated burns affecting a few acres to severe events that burn hundreds of
thousands of acres. Large fires usually occur when groups of smaller fires merge. Property damage
from wildfires can be severe and can significantly alter entire communities.

Potential losses from wildfire include human life, structures and other improvements, and natural
resources. There are no recorded incidents of loss of life from wildfires in Portland.

10.2.5 Warning Time

Wildfires are often caused by humans, intentionally or accidentally. There is no way to predict when
one might break out. Since fireworks often cause brush fires, extra diligence is warranted around the
Fourth of July when the use of fireworks is highest. Dry seasons and droughts are factors that greatly
increase fire likelihcod. Dry lightning may trigger wildfires. Severe weather can be predicted, so special
attention can be paid during weather events that may include lightning. Reliable National Weather
Service lightning warnings are available on average 24 to 48 hours prior to a significant electrical storm.

If a fire does break out and spread rapidly, residents may need to evacuate within days or hours. A
fire’s peak burning period generally is between 1 p.m. and 6 p.m. Once a fire has started, fire alerting is
reasonably rapid in most cases. The rapid spread of cellular and two-way radio communications in
recent years has further contributed to a significant improvement in warning time.
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10.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

10.3.1 Overview

Wildfires can generate a range of secondary effects, which in some cases may cause more widespread
and prolonged damage than the fire itself. Fires can cause direct economic losses in the reduction of
harvestable timber and indirect economic losses in reduced tourism. Wildfires can contaminate
reservoirs, destroy transmission lines and contribute to flooding. They strip slopes of vegetation,
exposing them to greater amounts of runoff and erosion. This can weaken soils and cause slope
failures. Major landslides can occur several years after a wildfire. Wildfires can bake soils, especially
those high in clay content, thus increasing the imperviousness of the ground. This increases the runoff
generated by storm events, thus increasing the chance of flooding.

10.3.2 Air Quality

Wildfires across Oregon negatively impacted air quality in the Portland Metro region in August of 2015
causing County health departments to issue warnings. This is a common secondary hazard associated
with wildfire and is discussed in more detail in the population vulnerability discussion of this profile.

10.3.3 Invasive Species

Invasive species can contribute to the fuel load in area, thus increasing the severity of fires. Since
2006, Portland Parks and Recreation and the Bureau of Environmental Services have begun work to
reduce hazardous wildfire fuels by removing non-native and invasive vegetation in the most highly
threatened natural area parks and adjacent open space areas (City of Portland, 2009 as cited in

NHMP, 2010).In addition, invasive species can also present issues after a fire as non-native woody
plant species frequently invade burned areas. When weeds become established, they can dominate the
plant cover over broad landscapes, and become difficult and costly to control (NHMP, 2010).

Fungal infestations can damage the health of native vegetation and contribute to increased wildfire risk.
Swiss needle cast is a fungal disease affecting Douglas fir forests in Oregon, predominantly over the
past 20 years. Although the fungus is native to Oregon, its detrimental impact may be increasing due to
rising spring and summer temperatures (Black et al., 2010) Douglas fir is one of the prominent tree
species in Forest Park. A decline in the health of Forest Park’s trees due to Swiss needle cast could
contribute to increased fuel loads and combustibility, leading to greater risk and severity of wildfires in
Portland (Weiskittel et al., 2004).

10.3.4 Climate Change

Climate change can affect multiple elements of the wildfire system: fire behavior, ignitions, fire
management, and vegetation fuels. Hot dry spells create the highest fire risk. Increased temperatures
may intensify wildfire danger by warming and drying out vegetation. Climate change also may increase
winds that spread fires and thunderstorms producing lightning that ignites fires. Forest response to
increased atmospheric carbon dioxide could contribute to more tree growth and thus more fuel for fires,
although the effects of carbon dioxide on mature forests are still largely unknown. In turn, increased
wildfires could release stores of carbon and further contribute to the buildup of greenhouse gases.

According to the City of Portland and Multnomah County Climate Change Preparation Strategy (2014)
“in Oregon, the likelihood of increased frequency and intensity of wildfire is very high under the climatic
changes expected in the coming decades (State of Oregon, 2010). In addition, an increasing pattern of
hot, dry summers and earlier springs increases the likelihood of more and prolonged wildfires.”
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10.4 EXPOSURE
10.4.1 Population

Population estimates for those residing in wildfire hazard areas were calculated by multiplying the
percent of residential structures within the hazard area for each risk reporting area by the total
estimated population of that area. These estimates are shown in Table 10-2. Approximately 11 percent
of the citywide population is believed to reside in these areas. Exposure as a percent of total population
is most significant in the West/Northwest and Southwest reporting areas. Estimates for our social
vulnerability indicators are shown in Table 10-3. Citywide estimates indicate that a disproportionate
number of young and elderly residents may be residing within these areas. In addition, homeless or
transient populations residing in City parks would have considerable exposure to the wildfire hazard.

Table 10-2. Population within Wildfire Hazard Areas

% of Total Population

Airport 0 0.0%
Central City 2925 7.7%
Central Northeast 691 15%
East Portland 11,808 7.9%
North Portland 836 1.2%
Northeast 0 0.0%
Southeast 0 0.0%
Southwest 31,550 44.9%
West/Northwest 20,205 75.2%
Total 68,015 11.1%

a. Value calculated as percent of residential bulldings exposed multiplied by the estimated population.
Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitations.

Table 10-3. Distribution of Social Vulnerability Indicators in Wildfire Hazard Aleas
Population Residing in High Wildfire Hazard Areas a. b, c,

Percent | Percent | Percentof Percent of Percent of Percmt of Limited
Under 15 | Over65 | Peopleof |Renter occupied|Families Below| English Speaking
Years Years Color Housing Poverty Level |  Households

Ceniral City 8.6% 11.6% 19.6% 61.9% 4.5% 0.8%
Central Northeast 8.4% 28.6% 26.4% 44 6% 16.3% 10.0%
East Portland 23.0% 10.5% 25.9% 20.4% 5.9% 6.7%
North Portland 13.1% 9.5% 16.8% 29.9% 74% 1.6%
Southwest 14 6% 14.2% 12.8% 35.2% 4.1% 1.1%
West/Northwest 16.9% 13.1% 17.5% 302% 4. 5% 2.4%
Total 19.5% 13.5% 16.9% 27.3% 3.3% 1.4%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

d.  Persons with disabiliies not shown because the available data, at a census fract scale, is not conducive to analysis by hazard extent
and location.
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The entire population of Portland would be exposed to air quality issues resulting from a wildfire,
although the extent of exposure would depend on weather conditions. Populations without access to air
conditioning or who work outdoors would increase their risk of exposure.

10.4.2 Property

Property damage from wildfires can be severe and can significantly alter entire communities. The
number of structures in wildfire hazard areas within Portland and their estimated replacement values
are listed in Table 10-4. Table 10-5 lists the structure types. The Southwest and West/Northwest
reporting areas have the most exposure in the City, with 55 percent and 24 percent of total value
exposed, respectively. Citywide, 9.5 percent of the total replacement value of Portland is believed to be
exposed to the wildfire risk. Most of the exposed structures are residential (96.6 percent), followed by
commercial (2.2 percent).

Table 10-4. Exposure and Value of Structures in Wildfire Hazard Areas

MNumber of Exposed Value
Buildings as % of Total
Contents Total Replacement Value

Airport 0 $0 $0 $0 0.0%
Central City 79 $97 606,665 $60, 662 292 $158 268 957 0.5%
Central Northeast 259 $162 630 647 $103,979,744 $266,610,391 24%
East Portland 3.328 $928.498 538 $484 931 548 $1.413,430,086 54%
North Portland 344 $543,255 169 $641,920,056 $1.185175,224 5.0%
Northeast 0 50 $0 $0 0.0%
Southeast 0 $0 $0 $0 0.0%
Southwest 10277 $5,.453,618,530 $4.337 521,920 $9.791,140 450 55.0%
West/Northwest 4949 $2,161,912 229 $1.230,447 391 $3.392,359 620 24 4%
Total 19,236 $9,347,521,776.57  $6,859,462,951.32  $16,206,984,728 9.5%

Table 10-5. Structure Type Exposed in the Wildfire Hazard Area

Number of Structuresa
]

Airport 0 0 0 0 0 0 0
Central City 66 8 2 2 1 0 79
Central Northeast 233 5 0 20 1 0 259
East Portland 3,289 35 0 4 0 0 3,328
North Portland 271 21 14 1 1 30 344
Northeast 0 0 0 0 0 0 0
Southeast 0 0 0 0 0 0 0
Southwest 10,012 150 21 28 12 54 10277
West/Northwest 4720 194 16 1 14 7 4,949
Total 18,591 9 53 56 2% 91 19,236

a. Sfructure type assigned to best fit Hazus occupancy classes based on present use classifications provided by Multnomah County
assessor’s data. Where conflicting information was present in the available data, parcels were assumed to be improved.
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10.4.3 Critical Facilities and Infrastructure

Critical facilities and infrastructure exposed to the wildfire hazard in Portland are listed in Table 10-6
and Table 10-7. 104 cntical facilities and infrastructure are located in wildfire risk areas within the city
(16.9 percent). In addition, it is likely that all Portland Water Bureau facilities located outside of the City
boundaries are exposed to wildfire risk to some extent, although, the data used for this analysis did not
provide information for these facilities. In addition linear features exposed to the wildfire hazard are
shown in Table 10-8.

Table 10-6. Critical Facilities in Wildfire Hazard Area
Number of Critical Facilities in Wildfire Hazard Areasb

High Potential

Loss Faciliies? Other Assets
Airport 0 0 0 0 0
Central City 0 0 1 0 1
Central Northeast 0 0 2 1 3
East Portland 0 0 1 0 1
North Portland 0 2 1 0 3
Northeast 0 0 0 0 0
Southeast 0 0 0 0 0
Southwest 5 1 26 b 38
West/Northwest 1 3 4 1 9
Total 6 [ 35 8 55

a. Includes 4 hazardous matenial facilities.
b. See Table 6-1 for a description of the facilities included in each category.

Table 10-7. Critical Infrastructure in Wildfire Hazard Area
Number of Critical Infrastructure Facilities in Wildfire Hazard AreasP

Utility Systems Total

Systemns Communications Power Watera Wastewater
0 0 0 0
0

Airport 0 0
Central City 0 0 0 0 0
Central Northeast 1 1 0 2 1 5
East Portland 0 1 1 18 1 21
West/Northwest 4 2 1 23 1 K}
North Portland 0 0 0 1 5 6
Northeast 0 1] 0 0 0 0
Southeast 0 0 0 0 0 0
Southwest 4 3 1 22 6 36
Total 9 1 3 66 14 99
a.  [ltislikely that the 75 facilities located outside of the City boundanes are also exposed to the wildfire hazard.
b. See Table 6-1 for a description of the facilities included in each category.
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Table 10-8. Linear Critical Facilities in Wildfire Hazard Area
Fadilities in Wildfire Hazard Area
Utility Systems
Power Lines | 60.74 miles, 12.7% of citywide total
Gaslines  5.06 miles, 6.1% of citywide total
Transportation Systems
Railroads 6.48 miles, 1.7% of citywide total
Light Rail 1.65 miles, 3.1% of citywide total
Major Roads = NW Comell Rd, NW St Helens Rd (US Highway 30), SE Bybee Blvd, SW Bertha Blvd, SW Scholls Ferry Rd, SW Sunset
Hwy (US Highway 26).
Mote: The wildfire dataset used for this analysis does not include road nght of ways in the hazard area.

10.4.4 Environment

Fire is a natural and critical ecosystem process in most terrestrial ecosystems, dictating in part the
types, structure, and spatial extent of native vegetation. Portland natural areas and open spaces are
fire-prone and fire-adapted ecosystems. The local forests, woodlands and grasslands evolved with fire
over thousands of years. The moist western Oregon, natural plant communities burn less frequently,
but when they do, the fires tend to be large and intense. Wildfires are part of the natural ecology and
natural life cycles of wildlands. Fires create open spaces with different habitats for both plants and
animals than existed previously. Fires also reduce fuel loads in areas, which in turn decreases the
potential for large catastrophic fires (NHMF, 2010).

In addition to threatening humans, animals and infrastructure, wildfires in forested areas have a severe
impact on natural resources. Wildfires strip the land of vegetation and destroy forest resources. Sail
exposed to intense heat may lose its capability to absorb moisture and suppont life. Exposed soils
erode quickly and enhance siltation of rivers and streams, thus increasing flood potential, harming
aquatic life and degrading water quality. Lands stripped of vegetation are also subject to increased
debris flow hazards (City of Portland, 2004a as cited in NHMP, 2010).

10.5 VULNERABILITY

Structures, above-ground infrastructure, critical facilities and natural environments are all vulnerable to
the wildfire hazard. There is currently no validated damage function available to support wildfire
mitigation planning. Except as discussed in this section, vulnerable populations, property, infrastructure
and environment are assumed to be the same as described in the section on exposure.

10.5.1 Population

All population that is exposed to wildfire risk is vulnerable to wildfire nsk. The most vulnerable
individuals are those who are not able to evacuate risk areas quickly, such as older populations or
those with access and functional needs. Generally, few people die in wildfires because warning time is
sufficient to allow for evacuation.

Wildfires also threaten the health and safety of those fighting the fires. First responders are exposed to
the dangers from the initial incident and after-effects from smoke inhalation and heat stroke. Smoke
and air pollution from wildfire can also be a severe health hazard for those living near or downwind from
wildfires. This is especially true for sensitive populations, including children, the elderly and those with
respiratory and cardiovascular diseases. Smoke generated by wildfire consists of visible and invisible
emissions that contain particulate matter (soot, tar, water vapor, and minerals), gases (carbon
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monoxide, carbon dioxide, nitrogen oxides), and toxics (formaldehyde, benzene). Emissions from
wildfires depend on the type of fuel, the moisture content of the fuel, the efficiency (or temperature) of
combustion, and the weather. Public health impacts associated with wildfire include difficulty in
breathing, odor, and reduction in visibility.

10.5.2 Property

Loss estimations for the wildfire hazard are not based on damage functions, because no such damage
functions have been generated. Instead, loss estimates were developed representing 10 percent, 30
percent and 50 percent of the replacement value of exposed structures. This allows emergency
managers to select a range of economic impact based on an estimate of the percent of damage to the
general building stock. Damage in excess of 50 percent is considered to be substantial by most building
codes and typically requires total reconstruction of the structure. Table 10-9 lists the loss estimates for
each risk reporting area.

Table 10-9. Loss Potential for Wildfire
Potential Loss

i [pose ) 50% Damage
Airport $0 $0 $0 $0
Central City $158,268 957 $15,826 896 $47 480 68T $79,134 479
Central Northeast $266,610 391 $26,661,039 $79,983 117 $133,305,196
East Portland $1,413,430,086 $141,343,009 $424 029,026 $706,715,043
North Portland $0 $0 $0 $0
Northeast $0 $0 $0 $0
Southeast $9.791,140,450 $979,114,045 $2.937.342 135 $4 895 570,225
Southwest $3,392,359,620 $339,235 962 $1,017,707 886 $1,696,179 810
West/Northwest $1,185,175,224 $118,517 522 $355 552 567 $592 587 612
Total $16,206,984,728 $1,620,698,473 $4,862,095,418 $8,103,492,364

10.5.3 Critical Facilities and Infrastructure

Critical facilities of wood frame construction are especially vulnerable during wildfire events. In the
event of wildfire, there would likely be little damage to most infrastructure. Most roads and railroads
would be without damage except in the worst scenarios. Power lines are the most at risk from wildfire
because most poles are made of wood and susceptible to burning. Fires can create conditions that
block or prevent access and can isolate residents and emergency service providers. Wildfire typically
does not have a major direct impact on bridges, but it can create conditions in which bridges are
obstructed. Many bridges in areas of high to moderate fire risk are important because they provide the
only ingress and egress to large areas and in some cases to isolated neighborhoods.

10.5.4 Environment

The vulnerability risks are the same as those described for exposure. In addition, there are four
registered hazardous materal containing structures in wildfire risk zones. During a wildfire event, these
materials could rupture due to excessive heat and act as fuel for the fire, causing rapid spreading and
escalating the fire to unmanageable levels. In addition they could leak into surrounding areas,
saturating soils and seeping into surface waters, and have a disastrous effect on the environment.
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10.5.5 Economic Impact

A large fire could have significant economic impacts for Portland, especially damage to utilities and the
expense incurred fighting.

10.6 FUTURE TRENDS IN DEVELOPMENT

The City’'s Comprehensive Plan establishes goals, policies and projects for reducing wildfire risk,
including through site design, designing with nature, promoting hazard resilient design, managing risk
through plans and investments, and ensuring adequate resources and facilities for response. In
addition, the City has identified actions that seek to strengthen fire-related development codes.

Table 10-10 shows future land use designations in mapped wildfire risk areas. Over half of the land
area is designated as open space, which is a low risk use for landslide hazard areas. Approximately,
42 5 percent of the remaining area is designated as single-family dwelling.

Table 10-10. Future Land Use Designations in Portland
Percent of total acres

Residential
Multi- Mixed Use &

i . Dweliing Dwelling | Commercial :
Airport 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Central City 23 4.0% 57.8% 35.7% 0.0% 0.0% 25%
Central Northeast 244 459% 3.9% 0.0% 0.0% 13.1% 37 1%
East Portland 2,949 49.1% 26% 0.0% 1.7% 0.2% 46.5%
North Portland 1,617 4.9% 0.2% 0.0% 14.4% 6.0% 74.4%
Northeast 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Southeast 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Southwest 5,761 61.4% 35% 0.0% 0.0% 7.5% 276%
West/Northwest 8,605 34.8% 1.1% 0.0% 1.4% 0.3% 62.5%
TOTAL 19,200 425% 2.1% 0.0% 2.1% 3.1% 50.2%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016.

10.7 SCENARIO

A major fire in Portland might begin with a wet spring, adding to fuels on the forest floor. Flashy fuels
would build throughout the spring. The summer could see the onset of insect infestation. A dry summer
could follow the wet spring, exacerbated by dry hot winds. Carelessness with combustible materials or
a tossed lit cigarette, or a sudden lighting storm could trigger a multitude of small isclated fires. The
embers from these smaller fires could be camied miles by hot, dry winds. The potential for large-scale
destruction from such fires would be increased if there were an active fire season in the American west.
This may lead to thinly spread resources being available to support local crews.

To further complicate the problem, heavy rains could follow the burns, causing flooding and landslides
and releasing tons of sediment into rivers, permanently changing floodplains and damaging sensitive
habitat and ripanan areas. Such a fire followed by rain could release millions of cubic yards of sediment
into streams for years, creating new floodplains and changing existing ones. With the forests removed
from the watershed, stream flows could easily double. Floods that could be expected every 50 years
may occur every couple of years. With the streambeds unable to carry the increased discharge
because of increased sediment, the floodplains and floodplain elevations would increase.
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10.8 ISSUES

The following issues were identified for the wildfire hazard:

Wildfire hazard areas have been identified in all nsk reporting areas aside from the following:
Airport, Northeast and Southeast.

68,015 people are estimated to reside in wildfire hazard areas. This includes approximately 75
percent of the West/ Northwest population and nearly 45 percent of the Southwest population.
There are estimated to be 19,236 buildings exposed to the wildfire hazard. More than half of
these are in the Southwest reporting area. The majonty of the remaining structures are in the
West/Northwest and East Portland reporting areas.

More than $16.2 billion is estimated to be exposed to the wildfire hazard. This is approximately
9 4 percent of the total value of Portland, more than 55 percent of the Southwest risk reporting
area and almost 25 percent of the West/ Northwest area.

More than 96 percent of the exposed buildings are thought to be residential structures. About 2
percent of the remaining buildings are commercial.

The following social-vulnerability-related issues have been identified for wildfire hazard areas:

# Children under 15 years of age may disproportionately reside in wildfire hazard areas in
the East Portland risk reporting area (23 percent).

» People over 65 years of age may disproportionately reside in wildfire hazard areas in the
Central Northeast (29 percent) and West/Northwest (13 percent) risk reporting areas.

» People of color may disproportionately reside in wildfire hazard areas in the Central
Mortheast (26 percent) and East Portland (26 percent) risk reporting areas.

» Renters may disproportionately reside in wildfire hazard areas in the Central City
(62 percent) risk reporting area.

» Families with incomes below the poverty level may disproportionately reside in wildfire
hazard areas in the Central Northeast risk reporting area (16 percent).

# Households with limited English speaking abilities may disproportionally reside in wildfire
hazard areas in the Central Northeast (10 percent) and East Portland (7 percent) risk
reporting areas.

There are 104 critical facilities located in the wildfire hazard area. The wildfire hazard presents a
significant nsk to the City's water supply.

Portland’s largest natural area and largest area exposed to wildfire risk—the 5,500 acre Forest
Park—is surrounded on three sides by industrial and residential development (NHMP, 2010).
The risk of loss to homes and businesses built at the wildland urban interface is significant and
growing due to the buildup of hazardous wildfire fuels (including invasive species), longer dry
seasons and changing weather patterns (NHMP, 2010).

Public education and outreach to people living in or near the fire hazard zones should include
information about and assistance with mitigation activities such as how to maintain defensible
space, and advance identification of evacuation routes and safe zones.

Area fire districts need to continue to train on wildland-urban interface events.

Continued efforts at vegetation management activities are needed.

Many of the actions identified in the 2009 Gap Analysis report and 2011 community wildfire
protection plan still need to be implemented.

Additional clarification and guidance is needed when discussing burn restrictions with the public.
NET members could be trained to assist in fire-fighting when resources are stretched thin.

10-14
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11. FLOOD LG

11.1 GENERAL BACKGROUND DEFINITIONS
. = 1-Percent Annual Chance Flood (100-Year Flood)—
11.1.1 What Is a Floodplain? R T W Vs T i A
L. i . being equaled or exceeded in any given year. On a
A floodplain is the area adjacent to a niver, creek statistical average over a long term, this magnitude
or lake that becomes inundated during a flood. can be expected to occur once every 100 years; in fact
Floodplains may be broad, as when a river though, such a flood can occur multiple times in a few

years, or even in a single year.

* 1-Percent Annual Chance Flood Hazard Area
(100-Year Floodplain}—The area that is inundated
during a 1-percent annual chance (100-year) flood.

crosses an extensive flat landscape, or narrow,
as when a river is confined in a canyon.

M *  Flood—The inundation of normally dry land resulting
Floodplains are a natural component of the City from the rising and overflowing of a body of water.

of Portland environment. Understanding and =  Floodplain—The land area along the sides of a river
protecting their natural functions can reduce that becomes inundated with water during a flood.
flood damage and protect people and property. = Riparian Area—The area along the banks of a natural
The benefits of preserving floodplains include the watercourse.

following:

* Flood and erosion control—Floodplains are like natural sponges, storing and slowly releasing
floodwaters. This reduces the height of a flood and the speed of a niver. When a river is cut off
from its floodplain by levees and dikes, flood heights often increase and downstream damage
can be greater.

« Water quality improvement—As water travels through floodplains, plants serve as natural
filters, trapping sediments and capturing pollutants. Floodplains help to moderate temperature
fluctuations that can harm aquatic life. They also help remove from the water soil and pollutants
that can harm aquatic life.

* Groundwater recharge—Floodplains promote infiltration and recharge of underlying aquifers.

* Fish and wildlife habitat—Floodplains maintain biodiversity. They provide breeding and
feeding grounds, create and enhance waterfowl areas, and protect habitat for rare and
endangered species.

The natural processes of flooding add sediment and nutrients to floodplain areas. When floodwaters
recede after a flood event, they leave behind layers of rock and mud. These gradually build up to create
a new floor of the floodplain. Floodplains generally contain accumulations of sand, gravel, loam, silt or
clay, often extending below the bed of the stream. These sediments provide a natural filtering system,
with water percolating back into the ground and replenishing groundwater. These are often important
aquifers, the water drawn from them being filtered compared to the water in the stream. Fertile, flat
reclaimed floodplain lands are commonly used for agriculture, commerce and residential development.

Floodplains can support ecosystems that are rich in plant and animal species. A floodplain can contain
100 or even 1,000 times as many species as a river. Wetting of the floodplain soil releases an
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immediate surge of nutrients: those left over from the last flood, and those that result from the rapid
decomposition of organic matter that has accumulated since then. Microscopic organisms thrive and
larger species enter a rapid breeding cycle. Opportunistic feeders (particularly birds) move in to take
advantage. The production of nutrients peaks and falls away quickly, but the surge of new growth
endures for some time. This makes floodplains valuable for agriculture. Species growing in floodplains
are markedly different from those that grow outside floodplains. For instance, ripanan trees (trees that
grow in floodplains) tend to be very tolerant of root disturbance and very quick-growing compared to
non-riparian trees.

A rniver and its floodplain together form a complex physical and biological system that supports a variety
of natural resources and provides natural flood and erosion control. When a river is separated from its
floodplain with levees and other flood control facilities, natural, built-in benefits can be lost, altered, or
significantly reduced.

Effects of Human Activities

Because they border water bodies, floodplains have historically been popular sites to establish
settlements. Human activities tend to concentrate in floodplains for a number of reasons: water is
readily available; land is fertile and suitable for farming; transportation by water is easily accessible; and
land is flatter and easier to develop. But human activity in floodplains frequently interferes with the
natural function of floodplains. It can affect the distribution and timing of drainage, thereby increasing
flood problems. Human development can create local flooding problems by altering or confining
drainage channels. This increases flood potential in two ways: it reduces the stream’s capacity to
contain flows, and it increases flow rates or velocities downstream during all stages of a flood event.
Additionally, human development typically results in increases in impervious surfaces, such as paved
roadways and roofs. These areas increase stormwater runoff and flood nisk, especially when the
stormwater is contributing to a system designed for a lower level of flooding. Human activities can
interface effectively with a floodplain as long as steps are taken to mitigate the activities’ adverse
impacts on floodplain functions.

11.1.2 Measuring Floods and Floodplains

The magnitude of floods is commonly rated based on the probability in any given year of the river
discharge (flow) level reached during the flood being equaled or exceeded. Flood studies use historical
records to determine the probability of occurrence or flood frequency for different discharge levels. The
flood frequency equals 100 divided by the probability of occurrence. For example, the flow level with a
1-percent chance of being equaled or exceeded in any given year is referred to as the 100-year flood.
These measurements reflect statistical averages only; it is possible for two or more floods with a 100-
year or higher flood frequency to occur in a short time period. The same flood can have different flood
frequency at different points on a river.

The 1-percent annual chance (100-year) flood is sometimes referred to as the base flood. Many
communities have maps that show the extent and likely depth of flooding for the base flood. The
inundated area shown on such maps is called the special flood hazard area (SFHA). Its boundary is
used as a regulatory boundary as part of the National Flood Insurance Program (NFIP).

112 TETRA TECH



37242

The Mitigation Action Plan Flood

11.2 HAZARD PROFILE

11.2.1 Characteristics of Flooding in Portland

Portland is subject to flooding from river overflow from the Columbia, Willamette, Tualatin and Sandy
Rivers, smaller nvers and lesser waterways, as well as flooding from local stormwater drainage. The
city is susceptible to winter rain flooding between October and Apnl, while between May and July
snowmelt and runoff can create floods. Typically, the most severe floods are winter rainfall floods from
December to February, when heavy or prolonged rain or snowmelt creates water flows that exceed the
carrying capacity of river channels or other water courses and storage facilities. As storms from the
Pacific move across the Oregon Coast Range, air rises and cools and heavy rainfall develops over
high-elevation streams—as much as 4 to 6 inches of rain over a 24-hour period. Severe and prolonged
storms can raise rivers and streams to their flood stages for three to four days or longer (NHMP, 2010).
Three types of flooding are typical: riverine floods, urban flooding, and flash floods.

Riverine Flooding

Riverine flooding along channels of rivers and streams due to high water is the most common form of
flooding in Portland. Flooding in large river systems typically results from large-scale weather systems
that generate prolonged rainfall over a wide geographic area, causing floods in hundreds of smaller
streams that drain into major rivers. Terrain helps determine the dynamics of nvenne flooding. In
relatively flat areas, shallow, slow-moving floodwater may cover the land for days or even weeks
(NHMP, 2010).

Human development changes hydrologic systems in a watershed. As land is converted from fields or
woodlands to roads and parking lots, it loses its ability to absorb and then slowly release rainfall. Water
moves to the ground and into streams at a much faster rate in urban areas, as heavy rainfall collects
and flows faster on impervious concrete and asphalt surfaces. These changes can result in floodwaters
that rise very rapidly and peak with violent force. The resulting high water volume and turbidity
(suspended sediments in the water) both contnbute to the erosion of stream banks (NHMP, 2010).

Shallow area flooding is a special type of nverine flooding. FEMA defines shallow flood hazards as
areas that are inundated only 1 to 3 feet deep by the 1-percent annual chance flood. These areas are
generally flooded by low-velocity sheet flows of water (NHMP, 2010).

Urban Flooding

Urban flooding can occur when the amount of rainfall and runoff exceeds the capacity of a stormwater
system, such as a creek, ditch or storm drain, to remove it. A majority of land in Portland is urbanized
and has a high concentration of impervious surfaces that either collect water or concentrate flow in
unnatural channels. During periods of urban flooding, streets can become swift moving nvers and
basements can fill with water. Storm drains and catch basins can back up with vegetative debris and
trash and cause additional, localized flooding (NHMP, 2010).

Numerous areas are currently subject to urban flooding, and the number of at-risk areas could increase
without proper infrastructure to guide water overflow. The continued increase of impervious surfaces
related to development significantly contributes to Portland’s future flood risk as increased runoff
exceeds the capabilities of drainage infrastructure (NHMP, 2010).

Flash Floods

In hilly areas, a flood can begin only minutes after a heavy rain. Such flash floods provide little or no
notice and can move so fast that they are particularly dangerous to people and property in their path.
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11.2.2 Past Events

Significant historic flooding occurred in the Willamette and Columbia River basins in 1861, 1880, 1881,
1909, 1913, 1927, 1928, 1942, 1946, 1948, 1961, 1964/65, 1996 and 2007. (NHMP, 2010). Table 11-1
summarizes flood events for which federal disaster declarations have been issued. The sections below
provided narrative descriptions of the most significant historical Portland floods.

Table 11-1. Portland Flood Events for Which Federal Disaster Declarations Were Issued

Disaster

Number Declaration Date Title
DR-4258 21712016 Severe winter storms, straight-line winds, flooding, landslides, and mudshdes
DR-1956 2172011 Severe winter storm, flooding, mudslides, landslides
DR-1733 121872007 Severe storms, flooding, landslides, and mudslides
DR-1632 320/20060 Severe storms, flooding, landslides, and mudslides
DR-1099 2191996 High winds, severe storms and flooding

DR-413 112511974 Severe storms, snowmelt & flooding

DR-319 11211972 Severe storms & flooding

DR-184 1212411964 Heavy rains & flooding

May 1948

Vanport was a residential community at a site that is now occupied by the Portland International
Raceway and the Heron Lakes Golf Club. In 1944, it lay between the Portland city limits and the
Columbia River and was completely encircled with a levee system and embankments. Its ground
elevation was several feet below the Columbia River's normal water level. The community was built to
house ship workers employed at Henry Kaiser's shipyards during World War Il, and peaked in
population in 1944 when it had approximately 42,000 residents and nearly 10,000 housing units (Abott,
2016). By 1948, as the war came to a close, the population of Vanport had declined substantially but it
was still home to many of Portland’s low-income and minority communities. On Memorial Day 1948, a
railroad embankment was breached, resulting in a catastrophic flood. The community of 18,500 was
flooded with debris-laden water 10 to 20 feet deep. Most of the buildings were substantially damaged or
destroyed, and at least 15 people lost their lives. Many others were never found but were not officially
recorded as fatalities. Others were permanently displaced, as the city ceased to exist (NHMP, 2010).

December 1964

Nearly every river in Oregon exceeded its flood stage in December 1964 as weather stations recorded
new records for precipitation. Known as the Christmas Flood, the event triggered debrnis flows, bridge
failures and flooding that caused thousands to evacuate and closed airports, railways and hundreds of
miles of roads across the state. Ultimately, the event caused more than $157 million in damage and 20
people were killed (NHMP, 2010).

February 1996

One of the more severe flood years on record occurred in 1996, when many rivers and creeks
throughout the Willamette River watershed rose to 100-year flood levels due to a combination of warm
temperatures, heavy snow pack and four consecutive days of record-breaking rain. The floods caused
five deaths statewide, forced thousands of people into shelters, and destroyed hundreds of homes.
Portland was forced to erect makeshift barriers to prevent floodwaters from moving into the downtown
area. On February 9, 1996, the Willamette River crested just inches away from overtopping the
barriers. The Columbia River crested at 11 feet 2 inches above flood stage, testing the strength of
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levees that protect Portland International Airport and areas north of Columbia Boulevard. Johnson
Creek crested at 6 feet 5 inches above flood stage (NHMP, 2010).

Winter 1996-97

In November 1996, a tropical air mass swept across Oregon, again bringing record-breaking
precipitation. The stormy weather continued into December and early January as 26 major rivers
reached flood stage. Snowmelt and intense rain caused extensive flooding that led to widespread
landslides, erosion, power outages, damaged homes and businesses, closed roads and eventually
resulted in a Presidential Disaster Declaration (NHMP, 2010).

December 2007

Severe storms, winds, mudslides, landslides and flooding occurred between December 1 and 17, 2007
shutting down roads and highways including Interstate 5. Public infrastructure, homes and personal
property were damaged. In Oregon, 73,000 residents were without power. A major disaster was
declared for the State of Oregon on December 8, 2007 (NHMP, 2010).

January 2009

A great amount of snow accumulation in late December 2008 (15 inches to 3 foot drifts) and then a
sudden warming at the beginning of January 2009 caused significant flooding along local streams.
Portland received 24-hour rainfall of 3.04 inches on January 1, 2009. Johnson Creek crested at 3.7 feet
above its flood stage. FEMA received 187 flood loss claims from the Portland area, six of which were
from repetitive loss properties. This flood was ranked the third largest flood on Johnson Creek in terms
of stream flow (2,430 cubic feet per second) and second highest in terms of stream level (14.69 feet)
(NHMP, 2010).

11.2.3 Location

The 11,460-square-mile Willamette River Basin is the largest watershed in the state, with 13 major
tnbutaries between its headwaters southeast of Eugene and the confluence with the Columbia River at
Kelley Point. Though the city only occupies one percent of the Willamette River's drainage basin, its 17
square miles are the most urbanized and heavily used of all in the basin (NHMP, 2010).

FEMA Flood Insurance Rate Maps for the area depict historical flood extent, defining most of the flood-
prone streams and delineating the 1-percent annual chance (100-year) and 0.2-percent annual chance
(500-year) flood hazard areas, as shown in Figure 11-1. Other sources of flood location information can
be found in the following:

* Lents Neighborhood Climate Resiliency Report (Berger et al_, 2015)
* Johnson Creek Floodplain Residential Vulnerability Analysis (Judelman, 2015a)
 Summary Vulnerability of East Lents Floodplain Residents (Judelman, 2015b).
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11.2.4 Frequency
The following factors contribute to the frequency and severnty of riverine flooding (NHMFP, 2010):

+ Rainfall intensity and duration
Antecedent moisture conditions
Watershed conditions, including steepness of terrain, soil types, amount and type of
vegetation and density of development
* The existence of attenuating features in the watershed, including natural features such as
wetlands and lakes and human-built features such as dams
» The existence of flood control features, such as levees and flood control channels
 Velocity of flow
Tide heights and storm surge
Availability of sediment for transport and the erodibility of the bed and banks of the
watercourse.

These factors are evaluated using a hydrologic analysis to determine the probability that discharge of a
certain size will occur and to determine the characteristics and depth of the flood resulting from that
discharge. Portland typically expenences flooding after more than three days of heavy rainfall or when
saturated conditions combine with significant rainfall or storms over short periods of time. Based on
previous occurrences, it is probable that a flood has greater than a 33 percent likelihood of occurring in
any given year (NHMP, 2010).

11.2.5 Severity

MNationwide, floods result in more deaths than any other natural hazard. Floods result in excessive
expenditures for emergency response and generally disrupt the normal function of a community.

Typical flood damage can include the following (NHMF, 2010):

* [nundation of structures

* Erosion of stream banks, road embankments, foundations, footings for bridge piers and other
features
Impact damage from high-velocity flow and from debris
Debris accumulation on bridge piers and in culverts, increasing loads on these features or
causing overtopping or backwater damage
Destruction of croplands
Release or runoff of sewage and hazardous or toxic matenals from damaged pipelines, tanks
and facilities

* Economic loss (local facilities, utilities, communications, agriculture).

Problems related to flooding include sediment deposition and stream bank erosion. Deposition is the
accumulation of soil, silt and other particles on a nver bottom or delta. It leads to the destruction of fish
habitat and presents a challenge for navigational purposes. It reduces channel capacity, resulting in
increased flooding or bank erosion. Stream bank erosion is the removal of material from the stream
bank. When bank erosion is excessive, it becomes a concermn because it results in loss of streamside
vegetation, loss of fish habitat and loss of land and property (NHMP, 2010). Erosion on a levee bank
can also increase the risk of levee failure.

The principal factors affecting flood damage are flood depth and velocity. The deeper and faster flood
flows become, the more damage they can cause. Shallow flooding with high velocities can cause as
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much damage as deep flooding with slow velocity. Flood severity is often evaluated by examining peak
discharges; Table 11-2 lists peak flows used by FEMA to map floodplains in Portland.

Table 11-2. Summary of Peak Discharges in Portland
Discharge (cubic feet/second)

Drainage | 10% Annual| 2% Annual | 1% Annual |0.2% Annual

Source/l ocation Area (sg.mi)) | Chance Chance
Johnson Creekd
Downstream of confluence with Crystal Springs Creek 53 1,890 2,590 2,780 3,230
Upstream of confluence with Crystal Springs Creek 49 1,890 2,590 2,780 3,230
At 82nd Ave 46 1,830 2,660 2970 3,640
At USGS Gauge 14-211500 (near RM 102 28 2120 2810 3,090 3,670
Fanno Creek
At Beaverton-Hillsdale Highway 5.12 940 1,140 1,250 1,550
At extension of 65th Avenue 3.38 600 740 B25 1,000
At extension of 55th Avenue 324 590 725 800 975
At Southwest 56th Avenue 253 470 620 670 800
At Southwest Shattuck Road 243 490 625 675 820
At Southwest 45th Avenue 1.7 350 460 490 590
Crystal Springs Creek?
500 feet upstream of Southeast 28th Street 36 16 24 28 40
1,200 feet upstream of McLaughlin Street nia 22 70 92 169
Upstream of Railroad Bridge nia 44 100 126 212
Upstream of confluence with Johnson Creek nfa 45 60 T 80

a. Decreasing discharge values caused by diversions to the Lents and Eastmoreland Golf Course areas
b. Decreasing discharge values caused by left overbank storage
n/a = data not available

11.2.6 Warning Time

Due to the sequential pattern of meteorological conditions needed to cause serious flooding, it is
unusual for a flood to occur without waming. Warning times for floods can be between 24 and 48 hours.
Flash flooding can be less predictable, but potential hazard areas can be wamed in advanced of
potential flash flooding danger.

The Portland Bureau of Emergency Management (PBEM) disseminates advisories relating to flooding.
The Bureau of Environmental Services (BES) serves as technical expert to PBEM and other bureaus
on local flooding and hydrology. Both PEEM and BES rely upon USGS real-time river gage data and
the National Weather Service's (NWS) flood prediction service. Through this service, BES and other
City staff receive severe weather and emergency email briefings in real-time. BES performs additional
monitoring and analysis of USGS data and NWS predictions throughout the wet season (typically
November 1 through March 31). Up to 10 BES staff each year are designated as emergency managers.

During perods of heavy precipitation or contiguous days of moderate precipitation, a subset of BES
staff monitor real-time online USGS river gage data and NWS hydrograph predictions. USGS gages
continuously collect discharge rates, water surface elevation, and temperature data and transmit that
data every 15 minutes. Data is accessible online via USGS and NWS websites within an hour of
collection. NWS predictive hydrologic models are run every 12 hours using the most current gage data
and are also shared online. The following are the pimary USGS gages monitored by the City of
Portland:
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« USGS 14144700, Columbia River, Vancouver, WA, under the |I-5 Bridge

« USGS 14211820, Columbia Slough, Portland, OR, N Lombard St. & N Kelly Point Park Rd.
« USGS 14206900, Fanno Creek, Portland, OR, SW 56th & S5W Seymour Ave.

« USGS 14211315, Tryon Creek, Portland, OR, G Ave. & Cumberland Pl

« USGS 14211720, Willamette River, Portland, OR, under the Morrison Bridge

« USGS 14211550, Johnson Creek, Milwaukie, OR, SE Milport Rd. & SE McBrod Ave.

« USGS 14211500, Johnson Creek, in Portland, OR, SE 152nd Ave. & SE Foster Rd.

« USGS 14211499, Kelley Creek, Portland, OR, SE 159th Dr. & SE Foster Rd.

« USGS 14211400, Johnson Creek, Gresham, OR, SE Regner Rd. & SE Roberts Rd.

Portland’s most frequent disruptive flooding occurs along Johnson Creek; as a result, much of the City's
flood risk monitoring and response planning efforts are focused in this geographic area.

BES staff access hydrologic data multiple times per day once recorded water surface elevations are
within 3 feet of bank-full levels and continue monitoring until the threat has passed. BES issues a Level
1 event advisory in Johnson Creek when the Sycamore Gage height reaches 10 feet (approximately 3
feet below bank-full). Coordinated monitoring intensifies at that point to include emergency conference
calls, field checks of gages and river levels at locations most likely to flood, and interpretation of
additional data. Technical staff review the hydrograph in depth and assess how quickly discharge rates
are increasing at different points along the system; discuss predictions with NWS staff and request
models be updated more frequently if conditions are rapidly evolving; review precipitation levels over
preceding days; assess soil conditions (saturation, freezing levels, presence of snow, etc.) and likely
impacts on river levels; compare current conditions against historic patterns and flood outcomes; and
review flood inundation maps to ensure familiarity with modeled outcomes.

11.2.7 Flood Management Programs and Projects

Protecting Portland from Flood Losses

Columbia and Willamette Rivers

Multnomah County Drainage District maintains flood management systems including 27 miles of levees
and 45 miles of ditches, sloughs, streams and culverts along the Columbia Slough and the lower
Columbia River (MCDD, 2016). The ditches and sloughs were constructed and are maintained to
accommodate a 1-percent annual chance flood. Stormwater enters into these ditches and sloughs
through pipes that drain water from the streets and parking lots of Portland. About 20 miles of levees
protect the city from flooding due to high water in the Columbia River and Lower Columbia Slough (see
Figure 11-2). The system has been extensively improved since the 1996 flood. Pump station, levee and
conveyance system upgrades, as well as a senes of computers, repeaters and antennas that allow 24-
hour real-time monitoring from remote locations, all make the system a reliable means to protect the
managed floodplain from catastrophic flooding (NHMP, 2010).

Properties protected by the Multnomah County Drainage District system of levees are valued at more
than $5.5 billion and protect approximately $16 billion in economic activity including the Portland
International Raceway, the Portland Expo Center, the Portland International Airport, the Columbia
Industrial Corridor, several residential neighborhoods, and the City’s drinking water well system
(MCDD, n.d.). The cost of replacing the infrastructure protected by Multnomah County Drainage District
would be devastating (NHMP, 2010).
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Flood control storage reservoirs have substantially reduced flood potential along the Columbia River
and other major waterways. Upstream of Multnomah County, the Columbia River has 22 major
reservoirs and the Willamette River has 11. These reservoirs have reduced, but not eliminated flood
potential (NHMP, 2010).

Johnson Creek

Public acquisition of homes and land in the Johnson Creek floodplain has significantly reduced the
impacts of regular flooding. The area surmounding SE Foster Road flooded on average every other year
until Portland invested over $40 million in floodplain restoration. Johnson Creek, which provides habitat
to several native species of salmon, now floods approximately every 6 to 8 years.

Floodplain property purchases also contribute to the City’s rating under the Community Rating System
(CRS) program. Floodplain restoration projects along Johnson Creek have added over 240 acre-feet of
flood storage to mitigate flood impacts. BES is currently developing a city-wide Stormwater System
Plan that will complements the Johnson Creek Restoration Plan, which is focused on mitigating
nuisance flooding. The Stormwater System Plan will identify a comprehensive set of actions focused on
uplands, tnbutaries and drainage patterns to minimize the impacts of stormwater runoff on flooding.
Implementation of such actions can help improve the City’'s CR5 ranking with FEMA (NHMP, 2010).

Federal Flood Programs

National Flood Insurance Program

The National Flood Insurance Program (NFIP) makes federally backed flood insurance available to
homeowners, renters, and business owners in participating communities. For most participating
communities, FEMA has prepared a detailed Flood Insurance Study that presents water surface
elevations for floods of various magnitudes, including the 1-percent annual chance flood and the 0.2-
percent annual chance flood. Base flood elevations and the boundaries of the floodplains are shown on
Flood Insurance Rate Maps (FIRMs), which are the principle tool for identifying the extent and location
of the flood hazard. FIRMs are the most detailed and consistent data source available, and for many
communities they represent the minimum area of oversight for the local floodplain management

program.

Participants in the NFIP must, at a minimum, regulate development in floodplain areas in accordance
with NFIP criteria. Before issuing a permit to build in a floodplain, participating jurisdictions must ensure
that three criteria are met:

* New buildings and those undergoing substantial improvements must, at a minimum, be elevated
to protect against damage by the 1-percent annual chance flood.

* New floodplain development must not worsen existing flood problems or damage to other
properties.

* New floodplain development must exercise a reasonable and prudent effort to reduce its
adverse impacts on threatened salmonid species.

Since the NFIF's inception, additional legislation has been enacted to strengthen the program, ensure
its fiscal soundness and inform its mapping and insurance rate-setting through expert consultation,
reports and studies. Most recently, the Biggert-Waters Flood Insurance Reform Act of 2012 (Public Law
141, Title 1) and the Homeowner Flood Insurance Affordability Act of 2014 (Public Law 113-89)
directed FEMA to make substantial changes to the NFIP by October 1, 2017. Administration, rating and
application of key functional components of the NFIP could be directed by this legislation.
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The Community Rating System

The CRS is a voluntary program within the NFIP that encourages floodplain management activities that
exceed the minimum NFIP requirements. Flood insurance premiums are discounted to reflect the
reduced flood risk resulting from community actions meeting the following three goals of the CRS:

+ Reduce flood losses.
+ Facilitate accurate insurance rating.
+ Promote awareness of flood insurance.

For participating communities, flood insurance premium rates are discounted in increments of 5
percent. For example, a Class 1 community would receive a 45 percent premium discount, and a Class
9 community would receive a 5 percent discount. (Class 10 communities are those that do not
participate in the CRS; they receive no discount.) The CRS classes for local communities are based on
18 creditable activities in the following categories:

* Public information

* Mapping and regulations
* Flood damage reduction
* Flood preparedness.

Figure 11-3 shows the nationwide number of CRS communities by class as of October 1, 2015, when
there were 1,368 communities receiving flood insurance premium discounts under the CRS program. In
Oregon there are 27 CRS communities (FEMA, 2016a). Although CRS communities represent only 6
percent of the over 22,000 communities participating in the NFIP, more than 70 percent of all flood
insurance policies are written in CRS communities.

Source: FEMA, 2016a
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Figure 11-3. CRS Communities by Class Nationwide as of October 1, 2015

Portland Participation in NFIP and CRS

The City of Portland entered the NFIP on October 15, 1980. Currently, structures permitted or built in
Portland before then are called “pre-FIRM” structures, and structures built afterwards are called “post-
FIRM." However, the rating rules associated with this terminology may be subject to change due to
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flood insurance reform discussed below. The insurance rate is different for the two types of structures.
The effective date for the current FIRM is November 26, 2010. This map is a DFIEM (digital flood
insurance rate map).

The City of Portland is currently in good standing with the provisions of the NFIP. Compliance is
monitored by FEMA regional staff and by the Oregon Department of Land Conservation and
Development (DLCD) under a contract with FEMA. Table 11-3 summarizes the City's current
compliance with NFIP requirements. Maintaining compliance under the NFIP is an important
component of flood risk reduction. The City of Portland has identified actions to maintain its compliance
and good standing.

Table 11-3. National Flood Insurance Program Compliance

When did Portland enter the NFIP? 10/15/80
When did the current Flood Insurance Rate maps become eftective? 1112610
What local depariment is responsible for floodplain management? Bureau of Environmental Services
Who is the City’s floodplain administrator? (department/position) Bureau of Development Services
= |s this a primary or auxiliary role? Primary
Are any certified floodplain managers on staff in Portland? Yes
What is the date of adoption of the flood damage prevention ordinance? Last amended in part on November 26, 2010
= Does the floodplain management program meet or exceed minimum Yes
requirements?
= If so, in what ways? See CRS Classification status

When was the most recent Community Assistance Visit or Community Assistance June 25, 2015
Contact?

Does Portland have any outstanding NFIP compliance violations that needtobe No

addressed?

Do the flood hazard maps adequately address the flood risk within the city? No

= [f no, please state why. BES is constantly in the state of revision of the
City's currently effective FIRM based on flood
mitigation efforts being deployed by BES.

Does Portland’s floodplain management staff need any assistance or trainingto Mot at this time
support its floodplain management program?
= If so, what type of assistanceftraining is needed?

Does Portland participate in the Community Rating System (CRS)? Yes
= |s Portland seeking to improve its CRS Classification? BES is always seeking ways to improve its CRS
classification within the City’s current
capabiliies and resources
= How many Flood Insurance policies are in force in Portland? 1,759
= What is the insurance in force? $453 478 B00 (04/30/2016)
= What is the premium in force? $1,338,250 (0473012016
= Average Premium $761 (04/3072016)
« % of Policies outside SFHA 62.3% (04/0/2016)
= How many total loss claims have been filed in Portland? 224 (4130/2016)
= How many claims were closed without payment or are still open? 70 (4/30/2016)
= What were the total payments for losses? $2 829.285.23 (04/30/2016)
_Average Claim Paid $12,868
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The City of Portland is currently participating in the CRS program. Its CRS status is as follows:

« NFIP Community #-410183
CRS Entry Date—10/1/2001
 Current CES Classification—5
* 9% Premium Discount, SFHA/non-SFHA—25 percent/10 percent
= Total Annual Premium Savings—$234,329

Many of the mitigation actions identified in this plan are creditable activities under the CRES program.
Therefore successful implementation of this plan offers the potential to enhance the CRS classification.

Natural Beneficial Functions

What Are Beneficial Floodplain Functions?

Flooding is a natural event, and floodplains provide many natural and beneficial functions. Riparan
areas—the zones along the edge of a river or stream that are influenced by or are an influence upon
the water body—generally have a greater diversity and structure of vegetation than upland areas.
Shelter, space, food and water available in these areas determine the health of wildlife populations.
Riparian communities are of special importance for many animals since water supply is a major limiting
factor to the animals’ population. Animals depend upon a supply of water for their existence.

CRS Credit for Protecting Natural Floodplain Functions

Wildlife and fisheries are impacted when plant communities are eliminated or fundamentally altered to
reduce habitat. Human disturbance to ripanan areas can limit wildlife's access to water, remove
breeding or nesting sites, and eliminate suitable areas for rearing young. Changes in hydrologic
conditions also can alter the plant community. FEMA's Community Rating System provides credits for
adopting plans that protect one or more natural functions within a community’s floodplain (Activity 510),
such as the following (FEMA, 2013):

* A habitat conservation plan that explains and recommends actions to protect rare, threatened,
or endangered aquatic or riparian species

= A habitat protection or restoration plan that identifies critical habitat within the floodplain, actions
to protect remaining habitat, or actions to restore fully functioning habitat

= A green infrastructure plan that identifies open space corridors or connected networks of
wetlands, woodlands, wildlife habitats, wildemess, and other areas that support native species,
maintain natural ecological processes, or sustain air and water resources (the corndors or
networks must include some floodplains)

= All or part of a comprehensive or other community plan that includes an inventory of the
ecological attributes of a watershed or floodplain and recommends actions for protecting them
through a mechanism such as a development regulation, development order, grant program, or
capital improvement plan.

The credit requires that the following criteria be met:

* The plan may cover more than one community, but it must have an impact on natural floodplain
functions within the community seeking credit.

* The plan must be adopted. If the plan is not a community plan adopted by the community’s
governing body, it must be adopted by an appropriate regional agency.
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* The plan must be updated at least once every 10 years. The update must include a review of
any changes to conditions as well as progress made since the oniginal plan was prepared. Any
changes to the adopted plan must be approved by the original adopting agency.

* The plan must include action items for protecting one or more identified species of interest and
natural floodplain functions. The action items must describe who is responsible for implementing
the action, how it will be funded, and when it will be done. General policy statements with no
means of implementation are not considered action items.

* The plan must include a comprehensive inventory of the natural floodplain habitat within the
community. It must identify areas that warrant protection or preservation in order to maintain
fully functioning habitat for the species of interest. Where threatened or endangered species are
present, each species must be addressed and a restoration plan must be included.

* A community can get credit for other plans that meet these credit criteria. These could be single-
issue or single-species plans or plans that cover only one area of the community's floodplain.

* There is no credit under CRS Activity 510 for a plan that addresses water quality issues as a
requirement for a permit under the National Pollution Discharge Elimination System (credit for
such plans may be available under other CRS activities).

The following sections describe eight City of Portland documents that meet these requirements.

Balch Creek Watershed Protection Plan

The Balch Creek Watershed Protection Plan (Portland Bureau of Planning, 1991a), adopted by the City
of Portland on February 8, 1991, protects the natural resources of the Balch Creek Watershed. The
purpose for this plan was to identify and protect fish and wildlife habitat, ecologically and scientifically
significant natural areas, open spaces, water bodies, wetlands and the functions and values of the
watershed as a whole. This document is one of several natural resource plans completed by the City of
Portland to comply with the State’s Land Conservation and Development Commission (LCDC)
Statewide Planning Goal 5, which requires all jurisdictions in Oregon to conserve open space and
protect natural and scenic resources, using the following steps:

* Inventory—ldentify, describe and evaluate the location, quality, and quantity of each natural
resource within the City

* Analysis—Evaluate the economic, social, environmental and energy consequences of allowing,
limiting and prohibiting uses that conflict with each identified resource

* Decision—Chose to protect or not to protect each identified resource.

The plan inventoried 15 sites, 13 of which were within the City of Portland. Resources identified within
the watershed include: a full-year stream with associated floodplain, an isolated population of cutthroat
trout and old conifer forest. The plan identifies protection and implementation measures for each of the
15 inventory areas. These protection and implementation measures are still being enforced today.

Columbia Corridor Industrial/Environmental Mapping Project

The Portland Bureau of Planning (now the Bureau of Planning and Sustainability) studied the Columbia
River Commidor to make recommendations to the City of Portland Planning Commission for updating city
Comprehensive Plan map designations and zones in the Columbia Corridor:

1. Recommended Industrial and Annexation Rezoning for the Columbia Corridor (Portland
Bureau of Planning, 1989a)—This document contains the Planning Commission
recommendations for converting old city industrial Comprehensive Plan map designations and
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zones to new city industnal plan designations and zones and applying city plan designations
and zones to certain annexed properties.

2. Inventory and Analysis of Wetlands, Water Bodies and Wildlife Habitat Areas (Portland
Bureau of Planning, 1989b)—This document provides the inventory, analysis and proposal for
protection of significant natural resources.

3. Recommended Mapping for the Columbia Corridor {Portland Bureau of Planning,
1989¢)}—This document provides detailed existing and recommended zoning for Phases 1 and
2. The zoning designations appear on the quarter section and full section Multnomah County
Assessor's Maps.

4. Appendix to the Inventory and Analysis of Wetlands, Waterbodies and Wildlife Habitat
Areas (Portland Bureau of Planning, 1988d)—This phase provided additional information that
may be of benefit to more clearly understand the purpose and process of the natural resources
portion of the project.

The findings and recommendations of this project are still valid and being implemented by the City.

East Buttes, Terraces and Wetlands Conservation Plan

The East Buttes, Terraces and Wetlands Conservation Plan (Portland Bureau of Planning, 1993)
provides the inventory, analysis and recommendations for protection of significant East Portland
natural, scenic, and open space resources. Portland is made up of 10 resource sites in East Portland:
Mt. Tabor, Kelly Butte, Rocky Butte and seven additional upland sites. This plan complies with
Statewide Planning Goal 5 and was adopted by the City on June 25, 1993. It identified four
implementation measures that that are currently in effect:

« Amend the Portland Comprehensive Plan goals and policies to refer to the East Buttes,
Terraces and Wetlands Conservation Plan.

= Adopt the East Buttes, Terraces and Wetlands Conservation Plan policies and objectives as the
policy document for the area.

« Amend Title 33, Planning and Zoning to implement the conservation plan.

= Amend the official zoning maps to apply the “environmental zone” designation to identified
resource areas, apply the open space (0S) zone to certain publicly owned lands and remove
the Significant Environment Concern (SEC) zone from Rocky Butte.

Fanno Creek and Tributaries Conservation Plan

The Fanno Creek and Tribufaries Conservation Plan (Portland Bureau of Planning, 1994a) provides the
inventory, analysis and recommendations for protection of significant natural, scenic, and open space
resources in the watershed of Fanno Creek and its tributaries. The planning effort identified the
following objectives:

* Bring the City's comprehensive plan, zoning code and zoning maps into compliance with
Oregon Statewide Planning Goal 5

* Reduce the threat to public health, safety and welfare from erosion, landslides, earthquakes and
flooding

* Help the City comply with state and federal water quality regulations

* Facilitate development that maintains and enhances natural values provided by Fanno Creek
and its tributaries.

The plan inventories and analyzes eight resource sites. Implementation measures were identified for
each site. Each of these implementation measures are still in effect.
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Johnson Creek Basin Protection Plan

The Johnson Creek Basin Protection Plan (Portland Bureau of Planning, 1991b) identifies, evaluates
and protects significant fish and wildlife habitats, ecologically and scientifically significant natural areas,
open spaces, water bodies, wetlands and the functions and values of the Johnson Creek basin as a
whole. It adopts management recommendations on specific ways to retain and restore the natural
habitat areas and values. The plan was designed to comply with Oregon Statewide Planning Goal 5. It
identifies three natural resource protection measures that are still relevant and being implemented by
the City:

* Limit housing density in areas that are difficult or hazardous to build on due to physical
constraints such as floodways, steep slopes, floodplains or wetlands.

* Expand plan district requirements to include natural resource and neighborhood values.

* Protect or restore habitat within the resource area as an approval criterion for new development.

Northwest Hills Natural Areas Protection Plan

The Northwest Hills Natural Areas Protection Plan (Portland Bureau of Planning, 1991c) provides the
inventory, analysis, and recommendations for protection of significant natural resources on the eastern
slope of Portland’s Northwest Hills. The study area covers 6,000 acres from NW St. Helens Road and
the Willamette Greenway up to NW Skyline Boulevard, and from the Willamette Heights area to the
Portland city limits near NW Newberry Road. This plan was written to comply with Statewide Planning
Goal 5. It identified five implementation measures that that are currently in effect:

* Amend Portland’'s Comprehensive Plan goals and policies to refer to the protection plan.
Adopt the protection plan policies and objectives as the policy document for the area.
Amend Title 33, Planning and Zoning, and Title 34, Subdivisions and Partitioning Regulations,
to implement the plan.

* Amend the Comprehensive Plan map designations and official zoning maps to apply the
environmental zones, change base zones and correct open space mapping errors.

= Adopt an exception to Statewide Planning Goal 4, Forest Lands, to meet Federal Clean Water
Act requirements and comply with Statewide Planning Goal 6, Air, Water and Land Resources
Quality.

Skyline West Conservation Plan

The Skyline West Conservation Plan (Portland Bureau of Planning, 1994b) provides the inventory,
analysis, and recommendations for protection of significant natural resources along the west slope of
Tualatin Mountain ridge in northwest Portland. This plan was written to comply with Statewide Planning
Goal 5. It inventories and analyzes three resource areas and identifies four implementation measures
that that are currently in effect:

* Amend the Portland Comprehensive Plan goals and policies to refer to the conservation plan.
* Adoption of the conservation plan policies and objectives as the policy document for the area.
Amend Title 33, Planning and Zoning, to implement the conservation plan.
Amend the official zoning maps to apply the “environmental zone” designation to identified
resource areas, apply the OS zone to certain public lands and remove the inteim resource
protection zone.
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Southwest Hills Resource Protection Plan

The Southwest Hills Resource Protection Plan (Portland Bureau of Planning, 1992) provides the
inventory, analysis and recommendations for protection of significant natural resources in southwest
Portland. The study area covers 7,000 acres south of the Balch Creek basin and downtown Portland,
including areas that drain directly into the Willamette River. This plan was written to comply with
Statewide Planning Goal 5. The plan authorizes the following actions:

Amend Portland's Comprehensive Plan goals and policies to refer to the protection plan.
Adopt the protection plan policies and objectives as the policy document for the area.

* Amend Title 33, Planning and Zoning, to implement the protection plan.
Amend the official zoning maps to apply the environmental zones to designated resources.
Adopt a resolution directing the Bureau of Planning to study and prepare a recommendation on
the concept of establishing a land bank for parks and natural areas acquisition.

* Repeal water features designations from the Southwest Hills Resource Protection Plan area.

Plan Integration

To ensure full integration of the above referenced natural beneficial functions plans, the City has
identified mitigation actions that involve coordination of actions identified in the plans. There is a
significant overlap in the goals and objectives of these plans, and coordinating their implementation will
help ensure the success of all as well as the MAP. The maintenance strategy for the MAP will enhance
the City's abilities to coordinate these plans. Each natural resource plan will be reviewed for its
relevance to hazard mitigation and community resilience upon each future update to this plan.

11.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

11.3.1 Erosion

The most problematic secondary hazard for flooding is bank erosion, which in some cases can be more
harmful than actual flooding. Riverine erosion results from the force of flowing water in and adjacent to
river and creek channels. It affects the bed and banks of the channel and can alter or preclude any
channel navigation or embankment development. During flood events, riverine erosion is magnified due
to increased volume and velocity of the water flow. Flooding can generate high volume and velocity
runoff that will concentrate in a river's lower drainages. When the stress applied by flood flows exceeds
the resistance of the embankment material, erosion will occur. The erosion rate depends on the
sediment supply and amount of runoff reaching the watercourse.

Erosion of any type rarely causes death or injury. However, erosion can cause significant destruction to
property and infrastructure. Streams and nivers that are potentially threatened by erosion include the
Columbia and Willamette Rivers; Johnson, Tryon and Fanno Creeks; and the Columbia Slough (NHMP,
2010).

11.3.2 Climate Change

Use of historical hydrologic data has long been the standard of practice for designing and operating
water supply and flood protection projects. For example, historical data are used for flood forecasting
models and to forecast snowmelt runoff for water supply. This method of forecasting assumes that the
climate of the future will be similar to that of the period of historical record. However, the hydrologic
record cannot be used to predict changes in frequency and severnty of extreme climate events such as
floods. Going forward, model calibration or statistical relation development must happen more
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frequently, new forecast-based tools must be developed, and a standard of practice that explicitly
considers climate change must be adopted. Climate change is already impacting water resources, and
resource managers have observed the following:

* Historical hydrologic patterns can no longer be solely relied upon to forecast future conditions.

* Precipitation and runoff patterns are changing, increasing the uncertainty for water supply and
quality, flood management and ecosystem functions.

* Extreme climatic events will become more frequent, necessitating improvement in flood
protection, drought preparedness and emergency response.

As hydrology changes, what is currently considered a 1-percent-annual-chance {100-year flood) may
strike more often, leaving many communities at greater risk. Planners will need to factor a new level of
safety into the design, operation, and regulation of flood protection facilities such as dams, bypass
channels and levees, as well as the design of local sewers and storm drains.

According to the City of Portland and Multnomah County Climate Change Preparation Strategy (2014),
floods in Portland are likely to increase, particularly in Portland’s urbanized environment. These events
will likely be the result of more intense rain events in mid-winter and will most likely take the form of
urban nuisance flooding.

11.3.3 Other Secondary Hazards

Flooding is also responsible for hazards such as landslides when high flows over-saturate soils on
steep slopes, causing them to fail. Hazardous materials spills and runoff are also a secondary hazard of
flooding if storage tanks rupture and spill into streams, rivers or storm sewers.

11.4 EXPOSURE

The Level 2 (user-defined) Hazus-MH protocol was used to assess the risk and vulnerability to flooding
in Portland. The model used census data at the block level and FEMA floodplain data, which has a
level of accuracy acceptable for planning purposes. Where possible, the Hazus-MH default data was
enhanced using local GIS data from county, state and federal sources.

11.4.1 Population

Population counts of those living in the floodplain in Portland were generated by estimating the percent
of the total residential buildings in each risk reporting area within the 1-percent and 0.2-percent annual
chance flood hazard areas and multiplying this percentage by the total population in the risk reporting
area. Using this approach, it was estimated that the exposed population for the entire City is 9,590
persons within the 1-percent annual chance flood hazard area (1.6 percent of the total City population)
and 18,333 within the 0.2-percent annual chance flood hazard area (3.0 percent of the total).

Table 11-4 shows the population estimates by risk reporting area.

Table 11-5 and Table 11-6 show the estimated percent of the population believed to be residing in
mapped floodplains for the social-vulnerability-related demographics of concern. Citywide there is a
disproportionate number of elderly residents living in the 1-percent-annual-chance flood hazard area.
Additionally, rental properties may make up a substantial portion of development in the 0.2-percent
annual chance flood hazard area, particularly in the Airport, Central City, Central Northeast and
Southwest.
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Table 11-4. Population within Flood Hazard Areasd

Risk Reporting | 1% Annual Chance Flood Hazard Area 0.2% Annual Chance Flood Hazard Area
% of Total Population
Airport 2,528 94 6% 29528 94 6%
Central City 798 21% 7402 195%
East Portland 3,048 20% 4,893 3.3%
North Portland 2310 34% 2,396 J.9%
Northeast 27 0.1% 27 0.1%
Northeast 0 0.0% 0 0.0%
Southeast a01 0.3% 929 0.3%
Southwest 37 0.5% 258 0.8%
West/Northwest 0 0.0% 0 0.0%
Total 9,590 1.6% 18,333 3.0%

a. Exposure estimates are not available for the 10-percent annual flood hazard.
b. Represents the percent of residential buildings that are exposed multiplied by the estimated 2010-2014 Amencan Community Survey
S-year estimates.

Table 11-5. Distribution of Social Vulnerability Indicators in 1% Annual Chance Flood Hazard Area
Population Residing in 1% Annual Chance Flood Hazard Areas a. b. €

Percent | Percent | Percentof Percent of Percent of Percmt of Limited
Under 15 | Over65 | Peopleof |Renter occupied|Families Below| English Speaking
Years Years Color Housing Poverty Level |  Households

Airport 54% 5.1% 31.8% 68.8% 19.8% 20.6%
Central City 29% 9.7% 134% 79.4% 10.5% 0.7%
Central Northeast 54% 5.1% 31.8% 68.8% 19.8% 20.6%
East Portland 17.0% 14.0% 221% 26.9% 9.4% 41%
North Portland 12.2% 21.1% 23.0% 20.3% T7.2% 32%
Northeast — — — — — —

Southeast 10.7% 16.6% 8.1% 414% 2.3% J1%
Southwest 9.8% 17.2% 172% 60.1% 8.2% 1.3%
West/Northwest 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 13.7% 14.8% 21.9% 33.2% 8.8% 3.8%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

d.  Persons with disabiliies not shown because the available data, at a census fract scale, is not conducive to analysis by hazard extent
and location.
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Table 11-6. Distribution of Social Vulnerability Indicators in 0.2% Annual Chance Flood Hazard Area
in 0.2% Annual Chance Flood Hazard Areas a. b, ¢, d

Percent Percent Percent of Percent of Percent of Percent of Limited
Under 15 | Over65 | Peopleof |Renter occupied|Families Below| English Speaking
Years Years Color Housing Poverty Level Households

Airport 54% 5.1% 31.8% 68.8% 19.8% 20.6%
Central City 1.5% 93% 13.5% T7-2% 10.1% 1.3%
Central Northeast 54% 5.1% 31.8% 68.8% 19.8% 20.6%
East Portland 18.6% 13.1% 22 9% 30.3% 11.7% 9.1%
North Portland 12 2% 21.1% 22 B% 20.1% T2% 32%
Northeast — — — — — —

Southeast 11.2% 16.2% 8.3% 41.5% 2.2% 33%
Southwest 8.7% 17 6% 16.3% 99.2% 6.1% 1.5%
West/Northwest — — — — — -

Total 11.4% 13.0% 19.8% 51.2% 10.2% 3.2%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

d.  Persons with disabiliies not shown because the available data, at a census fract scale, is not conducive to analysis by hazard extent
and location.

11.4.2 Property

Structures in the Floodplain

Some land uses, such as single-family homes, are more vulnerable to flooding than others, such as
agricultural land or parks. Table 11-f and Table 11-8 summarize the total area and number of
structures in the floodplain by risk reporting area and by structure type. Structure types were based on
land use descriptions in Multnomah County assessor data. There are 2,925 structures within the 1-
percent annual chance flood hazard area and 4,356 structures within the 0.2-percent annual chance
flood hazard area. In the 1-percent annual chance flood hazard area, about 74 percent of these
structures are in North Portland or East Portland (43 and 31 percent, respectively). Seventy-four
percent (2,153) of the structures in the 1-percent annual chance flood hazard area are residential.

Table 11-7. Area and Number of Structures in the 1% Annual Chance Flood Hazard Area

Area in
Floodplain MNumber of Structures in 1% Annual Chance Flood Hazard Area?

Reporting Area '
Airport 2.103.04 243 9 12 0 0 1 0 265
Central City 558 29 18 2 7 0 0 3 0 50
Central Northeast = 432.37 9 30 19 0 0 3 0 61
East Portland 124573 849 58 7 0 1 1 0 916
North Portland 524372 749 183 135 0 173 4 0 1,244
Northeast 0.00 0 0 0 0 0 0 0 0
Southeast 978.04 165 51 7 0 0 0 0
Southwest 307 14 120 9 0 0 0 0 0 129
West/Northwest 914 42 0 5 32 0 0 0 0 37
Total 11,782.76 2,153 367 219 0 174 12 0 2.925

a. Values based on City of Portland building inventory data received October 2015.
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Table 11-8. Area and Number of Structures in the 0.2% Annual Chance Flood Hazard Area

Flgiibll;in Number Gf "#tructure-s in 0. 2% Annual Chance Flood Hazard Areaﬂ

Airport 211036 243 9 12 0 0 1 0

Central City 1,086.13 167 361 20 0 4 2 0 5?3
Central Northeast 436.34 9 30 19 0 0 3 0 61
East Portland 1,440.74 1,363 M 11 0 2 1 0 1,456
North Portland T.016.02 T 349 253 0 173 15 0 1,567
Northeast 0.00 0 0 0 0 0 0 0 0
Southeast 1,056.23 174 53 T 0 0 0 0 234
Southwest 342 80 177 15 0 0 0 0 0 192
West/Northwest 1,167 48 0 29 158 0 0 1 0 188
Total 14,658.10 2,910 925 480 0 179 42 0 4,536

a. Values based on City of Portland building inventory data received October 2015.

Exposed Value

Table 11-9 and Table 11-10 summarize the estimated value of exposed buildings in Portland. This
methodology estimated $6.7 billion worth of building-and-contents exposed to the 1-percent annual
chance flood, representing 4.0 percent of the total replacement value of Portland, and $19.1 billion
worth of building-and-contents exposed to the 0.2-percent annual chance flood, representing

11.2 percent of the total.

11.4.3 Critical Facilities and Infrastructure

Critical facilities and infrastructure in the floodplain are summarized in Table 11-11 through
Table 11-14. Details are provided in the following sections. In addition linear features exposed to the
flood hazard are shown in Table 11-15.

Table 11-9. Value of Structures in the 1% Annual Chance Flood Hazard Area

Humber of (pose Exposed Value
as % of Total Replacement Value
Airport 263 $64.994 573 $36,784 946 $101,779.519 26%
Central City 50 $912,058,805  $622 430,862 $1,534 489 668 49%
Central Northeast 61 $142697 040  $175,617,039 $318,314,079 29%
East Portland 916 $232653839  $145518,166 $378,172,005 1.5%
North Portland 1244 $1,670,002,621 $1,764,793 553 $3.434 796 173 14.6%
Northeast 0 $0 $0 $0 0.0%
Southeast 223 $320,045992 = $298 404,036 $618 450,028 20%
Southwest 129 $131.344332  §79.503 463 $210,847 795 1.2%
West/Northwest 37 $77.139 870 $97 631,271 $174.771 142 1.3%
Total 2,925 $3,650,937,073 $3,220,683,336 $6,771,620,408 4.0%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data imitations.
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Table 11-10. Value of Structures in the 0.2% Annual Chance Flood Hazard Area

Value Exposed Exposed Value
XpOse Contents as % of Total Replacement Value
Airport 265 $64,994 573 $36,784 946 $101,779,519 26%
Central City a73 $4791643258 $3644727618 $B.436,370,876 27.0%
Central Northeast 61 $142 697 040 $175,617,039 $318,314,079 29%
East Portland 1,436 $369,849 396 $229 502 548 $599,351,944 2.3%
North Portland 1,967 $3382875378  $3720243232  $7103118610 30.2%
Northeast 0 $0 $0 $0 0.0%
Southeast 234 $346,489 138 $311,944 416 $658,433,553 22%
Southwest 192 $197 471 492 $128,636,188 $326,107 680 18%
West/Northwest 188 $707 179 543 $911,495837  $1,618,675,381 11.6%
Total 4,536 $10,003,199,819 $9,158,951,823 $19,162,151,642 11.2%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data imitations.

Table 11-11. Critical Facilities in the 1% Annual Chance Flood Hazard Area
Number of Critical Facilities in the 1% Annual Chance Flood Hazard Aread

Emergency Senices | High Potenfial Loss Facilities Other Assets
Airport 0 0 0 0 0
Central City 2 0 0 0 2
Central Northeast 0 2 0 0 2
East Portland 0 2 0 0 2
North Portland 0 8 0 0 8
Northeast 0 0 0 0 0
Southeast 0 2 0 0 2
Southwest 0 0 0 0 0
West/Northwest 1 0 0 0 1
Total 3 14 0 0 17

a. See Table 6-1 for a description of the faciliies included in each category.

Table 11-12. Critical Facilities in the 0.2% Annual Chance Flood Hazard Area
MNumber of Critical Fadilities in the 0.2% Annual Chance Flood Hazard Aread

g High Potential Loss Faciliies Other Assets
Airport 0 0 0 0 0
Central City 7 3 4 1 15
Central Northeast 0 2 0 0 2
East Portland 0 2 0 2 4
North Portland 0 22 0 0 22
Northeast 0 0 0 0 0
Southeast 0 2 0 0 2
Southwest 0 0 0 0 0
West/Northwest 2 0 0 0 2
Total 9 3 4 3 47

a. See Table 6-1 for a description of the faciliies included in each category.
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Table 11-13. Critical Infrastructure in the 1% Annual Chance Flood Hazard Area
Number of Critical Infrastructure Facilities in the 1% Annual Chance Flood Hazard Areaa

Utility Systemns
Communicafions Potable Water | Wastewater
Airport 1 0 0 0 0 1
Central City 12 0 0 0 0 12
Central Northeast 0 0 0 0 4 4
East Portland 1 1 1 1 1 5
North Portland 9 2 0 1 16 28
Northeast 0 0 0 0 0 0
Southeast 2 0 0 0 1 3
Southwest 0 0 0 0 2 2
West/Northwest 0 0 8 0 0 8
Total 25 3 9 2 24 63

a. See Table 6-1 for a description of the faciliies included in each category.

Table 11-14. Critical Infrastructure in the 0.2% Annual Chance Flood Hazard Area
Number of Critical Infrastructure Facilities in the 0.2% Annual Chance Flood Hazard Areaa

Utility Systems
Potable Water | Wastewater

Airport 1 0 0 0 0 1
Central City 18 0 4 0 B 28
Central Northeast 0 0 0 4 4
East Portland 1 1 1 1 2 6
North Portland 10 2 3 1 24 40
Northeast 0 0 0 0 0 0
Southeast 2 0 0 0 1 3
Southwest 0 0 0 0 3 3
West/Northwest 1 0 52 0 0 53
Total 33 3 60 2 40 138

a. See Table 6-1 for a description of the faciliies included in each category.

Table 11-15. Linear Critical Facilities in Flood Hazard Areas
Facilities in Flood Hazard Areas

1% Annual Chance Flood Hazard Area 0.2% Annual Chance Flood Hazard Area
Utility Systems
Power Lines | 36.62 miles, 7 7% of citywide total 59.49 miles, 12 5% of citywide fotal
(Gas Lines 1.99 miles, 2 4% of citywide total 10.87 miles, 13.0% of citywide fotal
Transportation Systems
Railroads 26.43 miles, 7.0% of citywide total 100.92 miles, 26.9% of citywide total
Light Rail 2.10 miles, 4 0% of citywide total 6.31 miles, 12.0% of citywide total
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Hazardous Material Facilities

Hazardous material facilities use or store materials that can harm the environment if damaged by a
flood. One facility in the 10-percent annual chance flood hazard area, nine facilities in the 1-percent
annual chance flood hazard area flood hazard area and 26 facilities in the 0.2-percent annual chance
flood hazard area report having hazardous matenals according to the Oregon State Fire Marshal.
During a flood event, containers holding these materials can rupture and leak into the surrounding area,
having a disastrous effect on the environment as well as residents.

Utilities and Infrastructure

Flood damage to infrastructure presents numerous risks. Roads or railroads that are blocked or
damaged can isolate residents and can prevent access throughout the city, including for emergency
service providers needing to get to vulnerable populations or to make repairs. Bridges washed out or
blocked by floods or debris also can cause isolation. Floodwaters can back up drainage systems,
causing localized flooding. Culverts can be blocked by debris from flood events, also causing localized
urban flooding. Floodwaters can get into drinking water supplies, causing contamination. Sewer
systems can be backed up, causing waste to spill into homes, neighborhoods, rivers and streams.
Underground utilities can also be damaged. Dikes and levees can fail or be overtopped, inundating the
land that they protect. The following sections describe impacts and exposure to these types of
infrastructure.

Roads

The following major roads in Portland pass through the 1-percent annual chance flood hazard area
flood hazard area and thus are exposed to flooding. Main highways that intersect the flood zone are all
elevated above flood levels although it is possible that scour or debris carried by a flood could damage
the support apparatus for elevated structures:

N Marne Drive « 5SE 111th Ave.
+ NE Marine Drive « SE 122nd Ave.
+ 5E Foster Road « 5SE Harold St
SE Holgate Boulevard * 5W Moody Ave.
SE Johnson Creek Boulevard s SW Shattuck Rd

= SE McLoughlin Boulevard

Some of these roads are built above the flood level, and others function as levees to prevent flooding.
Still, in severe flood events these roads can be blocked or damaged, preventing access to some areas.

Bridges

Flooding events can significantly impact road bridges. These are important because often they provide
the only ingress and egress to some neighborhoods. An analysis showed that there are three light rail
bridges, and four highway bridges that are in or cross over the 10-percent annual chance flood hazard
area, three light rail bridges, and seven highway bridges in the 1-percent annual chance flood hazard
area, and five light rail bridges and seven highway bridges in the 0.2-percent annual chance flood
hazard area.

Rail Lines

Rail-based transportation systems can be negatively impacted by flood events. If rails are covered by
flood waters trains may need to significantly slow their speed in order to pass or may not be able to
pass at all. Flood waters can scour and undermine support systems and block lines with debnis.
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When a railroad embankment serves as a flood barrier during high water events, the risk of
embankment failure is higher because the embankment was not engineered as a levee. In Portland, the
railroad embankment that breached in 1948 would still serve as a flood bamer for Peninsula Drainage
District #1, where Portland International Raceway and Blue Heron golf course are. This railroad
embankment will be considered through Levee Ready Columbia.

Water and Sewer Infrastructure

Water and sewer systems can be affected by flooding. Floodwaters can back up drainage systems,
causing localized flooding. Culverts can be blocked by debris from flood events, also causing localized
urban flooding. Floodwaters can get into drinking water supplies, causing contamination. Sewer
systems can be backed up, causing wastewater to spill into homes, neighborhoods, nvers and streams.

11.4.4 Environment

Flooding is a natural event, and floodplains provide many natural and beneficial functions. Nonetheless,
flooding can impact the environment in negative ways. Migrating fish can wash into roads or over dikes
into flooded fields, with no possibility of escape. Pollution from roads, such as oil, and hazardous
materials can wash into rivers and streams. During floods, these can settle onto normally dry soils,
polluting them for agricultural uses. Dunng future rain or flood events, these contaminants can be re-
mobilized into streams and rivers. Human development such as bridge abutments and levees, and
logjams from timber harvesting can increase stream bank erosion, causing rivers and streams to
migrate into non-natural courses.

Many species of mammals, birds, reptiles, amphibians and fish live in plant communities that are
dependent upon streams, wetlands and floodplains. Changes in hydrologic conditions can result in a
change in the plant community. Wildlife and fish are impacted when plant communities are eliminated
or fundamentally altered to reduce habitat. Wildlife populations are limited by shelter, space, food, and
water. Since water supply is a major limiting factor for many animals, ripanan communities are of
special importance.

Riparian areas are the zones along the edge of a river or stream that are influenced by or are an
influence upon the water body. Human disturbance to riparian areas can limit wildlife’s access to water,
remove breeding or nesting sites, and eliminate suitable areas for rearing young. Wildlife rely on
riparian areas and are associated with the flood hazard in the following ways:

* Mammals depend upon a supply of water for their existence. Riparian communities have a
greater diversity and structure of vegetation than other upland areas. Beavers and muskrats are
now recolonizing streams, wetlands and fallow farm fields, which are converted wetlands. As
residences are built in rural areas, there is an increasing concern with beaver dams causing
flooding of low-lying areas and abandoned farm ditches being filled in, which can lead to
localized flooding.

= A great number of birds are associated with riparian areas. They swim, dive, feed along the
shoreline, or snatch food from above. Rivers, lakes and wetlands are important feeding and
resting areas for migratory and resident waterfowl. Other threatened or endangered species
(such as the bald eagle or the peregrine falcon) eat prey from these riparian areas.

« Amphibians and reptiles are some of the least common forms of wildlife in riparian areas.
However, some state threatened species, such as the western pond turtle and the spotted frog,
are known to inhabit the waterways and wetlands.

» Fish habitat throughout Portland varies widely based on natural conditions and human
influence. Many ditches were dug throughout the City to make low, wet ground better for
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farming. As the water drained away and the wetlands were converted to farm fields, natural
stream conditions were altered. Agriculture along many rivers extends to the water's edge and
smaller side channels have been tilled to drain better. Within developing areas, small streams
were placed in pipes and wetland was filled in to support urban development. While salmonids
prefer clear, free-flowing streams, other species like the Olympic mud-minnow inhabit the calm,
backwater areas of sloughs and wetlands.

11.5 VULNERABILITY

Many areas exposed to flooding may not actually experience serious flooding or flood damage. This
section describes vulnerabilities in terms of population, property, infrastructure and environment.

11.5.1 Population

Generally, there is substantial warning time for flood events in Portland. Populations who may not
understand or have access to available flood warning systems may be more vulnerable. In particular,
many homeless people in Portland camp along floodplain areas, including along the Springwater
Cornidor Trail, which runs along Johnson Creek. These groups tend not to have access to technology
and are unable to receive electronic evacuation notifications. Additionally, those who have difficulty
evacuating, including the eldery and those with access and functional needs, may be more vulnerable
if warning time is limited. Persons with limited incomes residing in the floodplain may not have flood
insurance and may be more vulnerable to severe economic consequences in the event of a flood. The
costs to evacuate during a flood event are also likely to disproportionately impact people with limited
incomes. Persons driving or otherwise trying to cross flooded roadways are particularly at risk of
physical harm.

Displaced Households and Persons Requiring Short Term Shelter

Impacts on persons and households in Portland were estimated for the 10-percent, 1-percent and
0.2-percent annual chance floods through the Level 2 Hazus-MH analysis. Table 11-16 summarizes the
results.

Table 11-16. Estimated Flood Impact on Persons and Households

Number of Displaced Persons@ Number of Persons Requiring Short-Term Sheltera
10% Annual 1% Annual 0.2% Annual 10% Annual 1% Annual 0.2% Annual
Chance Chance Chance Chance Chance Chance

Airport 47 2425 2425 a7 1,909 1,909
Central City 74 214 6,196 696 193 6,005
Central Northeast 4 ] ) 0 3 3

East Portland 1.069 821 1,722 847 645 1,489
North Portland 1,461 848 1,118 1,372 781 1,037
Northeast 0 0 0 0 0 0
Southeast 459 139 168 343 109 133
Southwest 237 46 74 163 25 46
West/Northwest 1 0 0 0 0 0

Total 4,052 4,499 11,709 3,458 3.664 10,622

a. Calculated using a Census block level, general building stock analysis in Hazus, adjusted to reflect the estimated population.
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Public Health and Safety

Floods and their aftermath present numerous threats to public health and safety:

Unsafe food—Floodwaters contain disease-causing bacternia, dirt, cil, human and animal waste,
and farm and industrial chemicals. Their contact with food items, including food crops in
agricultural lands, can make that food unsafe to eat. Refrigerated and frozen foods are affected
during power outages caused by flooding. Foods in cardboard, plastic bags, jars, bottles, and
paper packaging may be unhygienic with mold contamination.

Contaminated drinking and washing water and poor sanitation—Flooding impairs clean
water sources with pollutants. The pollutants also saturate into the groundwater. Flooded
wastewater treatment plants can be overloaded, resulting in backflows of raw sewage. Private
wells can be contaminated by floodwaters. Private sewage disposal systems can become a
cause of infection if they or overflow.

Mosquitoes and animals—Floods provide new breeding grounds for mosquitoes in wet areas
and stagnant pools. The public should dispose of dead animals that can carry viruses and
diseases only in accordance with guidelines issued by local animal control authorities.
Leptospirosis—a bacterial disease associated predominantly with rats—often accompanies
floods in developing countries, although the risk is low in industrialized regions unless cuts or
wounds have direct contact with disease-contaminated floodwaters or animals.

Mold and mildew—Excessive exposure to mold and mildew can cause flood victims—
especially those with allergies and asthma—to contract upper respiratory diseases, triggering
cold-like symptoms. Molds grow in as short a period as 24 to 48 hours in wet and damp areas of
buildings and homes that have not been cleaned after flooding, such as water-infiltrated walls,
floors, carpets, toilets and bathrooms. Very small mold spores can be easily inhaled by human
bodies and, in large enough quantities, cause allergic reactions, asthma episodes, and other
respiratory problems. Infants, children, elderly people and pregnant women are considered most
vulnerable to mold-induced health problems.

Carbon monoxide poisoning—In the event of power outages following floods, some people
use alternative fuels for heating or cooking in enclosed or partly enclosed spaces, such as small
gasoline engines, stoves, generators, lanterns, gas ranges, charcoal or wood. Built-up carbon
monoxide from these sources can poison people and animals.

Hazards when reentering and cleaning flooded homes and buildings—Flooded buildings
can pose significant health hazards to people entering them. Electrical power systems can
become hazardous. Gas leaks can trigger fire and explosion. Flood debris—such as broken
bottles, wood, stones and walls—may cause injuries to those cleaning damaged buildings.
Containers of hazardous chemicals may be buried under flood debris. Hazardous dust and mold
can circulate through a building and be inhaled by those engaged in cleanup and restoration.
Mental stress and fatigue—FPeople who live through a devastating flood can expenence long-
term psychological impact. The expense and effort required to repair flood-damaged homes
places severe financial and psychological burdens on the people affected. Post-flood recovery
can cause, anxiety, anger, depression, lethargy, hyperactivity, and sleeplessness. There is also
a long-term concemn among the affected that their homes can be flooded again in the future.

Current loss estimation models such as Hazus are not equipped to measure public health impacts such
as these. The best level of mitigation for these impacts is to be aware that they can occur, educate the
public on prevention, and be prepared to deal with them in responding to flood events.
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11.5.2 Property

Hazus-MH calculates losses to structures from flooding by looking at depth of flooding and type of
structure. Using historical flood insurance claim data, Hazus-MH estimates the percentage of damage
to structures and their contents by applying established damage functions to an inventory. For this
analysis, local data on facilities was used instead of the default inventory data provided with Hazus-MH.

Building Age

Table 11-17 summarizes the age of buildings in the city relative to the initial FIRM date and the
enactment of freeboard requirements.

Table 11-17. Pre-FIRM Buildings and Pre-Freeboard Reguirement Buildings in 1% Annual Chance Flood Zone

Pre-FIRM Buildings in Flood Zonea Pre-Freeboard Buildings in Flood Zonea
Airport 257 96.6% 260 97.7%
Central City 7 35.0% 13 69.0%
Central Northeast 23 67.6% 24 70.6%
East Portland B84 83.1% 137 89.6%
North Portland 7349 62.5% 1130 95.6%
Northeast 0 0.0% 0 0.0%
Southeast 166 91.7% 176 97 2%
Southwest 74 871% 81 95.3%
West/Northwest 17 69.4% 23 88.9%
Total 1,967 15.2% 2,444 93.4%

a. Indicates that buillding was built before the Flood Insurance Rate Maps became effective (before 1981).
b. Indicates that building was built before Freeboard requirements were in place (before 1996)

Estimated Losses Due to Flooding

Loss estimates for the 10-percent annual chance, 1-percent annual chance and 0.2-percent annual
chance floods are presented in Table 11-18 through Table 11-20. It is estimated that there would be up
to $369.2 million of flood loss from a 1-percent annual chance flood in Portland. This represents

0.2 percent of the total replacement value for Portland. It is estimated that there would be $1.9 billion of
flood loss from a 0.2-percent annual chance flood, representing 1.1 percent of the total replacement
value.

National Flood Insurance Program

The use of flood insurance in Portland is below the national average. Only 22_7 percent of insurable
buildings in Portland are covered by flood insurance (see Table 11-21). According to an NFIP study,
about 49 percent of single-family homes in special flood hazard areas are covered by flood insurance
nationwide.
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Table 11-18. Loss Estimates for 10% Annual Chance Flood

Structures | Estimated Loss Associated with 10% Annual Chance Flood % of Total

Replacement Value

Airport N/A $229,109 $616,420 $6845,529 0.0%
Central City N/A $58,923 422 $68,904 478 $127,827,9500 0.4%
Central Northeast N/A $0 $0 $0 0.0%
East Portland N/A $3.321,950 $1,920,660 $5,242 610 0.0%
North Portland N/A $68,691 $78,391 $167,082 0.0%
Northeast N/A $0 $0 $0 0.0%
Southeast N/A $259,384 $493,804 $753,188 0.0%
Southwest N/A $3.789.745 $2,531,660 $6,321,404 0.0%
West/Northwest N/A $12,067 394 $29,135,540 $41,202,934 0.3%
Total N/A $78,679,694 $103,680,953 $182,360,647 0.1%

a. Calculated using a user-defined analysis in Hazus
Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Table 11-18. | oss Estimates for 1% Annual Chance Flood

Strucifures

Estimated Loss Associated with 1% Annual Chance Flood

% of Total

Airport
Central City

Central Northeast

East Portland

North Portland

Northeast
Southeast
Southwest

West/Northwest

Total

pacieda

19
9712

$451,242
$87,274,869
$689,694
$31,144, 067
$11,984 444
$0
$7,838,379
$7,601,119
$21,049 497
$168,033,311

$891,901

$85,625,968

$2,146,062
$19,649,736
$23,350,117

$0

$29,672,642

$4.757 240
$35,117,159
$201,210,825

$1,343,143
$172,500,837

$2,835,757
$50,793,804
$35,334,561

$0

$37.511,021
$12,358,359
$56,166,655
$369,244,136

Replacement Value
0.0%
0.6%
0.0%
0.2%
0.2%
0.0%
0.1%
0.1%
0.4%
0.2%

a. Calculated using a user-defined analysis in Hazus. Hazus is not currenfly able to calculate losses for houseboats, therefore, damage
to these struciures was not included in this assessment
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions.

Table 11-20. Loss Estimates for 0.2% Annual Chance Flood

Structures | Estimated Loss Associated with 0.2% Annual Chance Flood % of Total
placement Value
Airport 14 $635,412 $1,202,789 $1,838,201 0.0%
Ceniral City 409 $330,668,030 $460,921,949 $791,589,978 2.5%
Central Northeast 35 $689,694 $2,146,062 $2,835,757 0.0%
East Portland 90 $47,639,098 $32,733,445 $80,372,543 0.3%
North Portland 069 $207,032,845 $599,086,809 $806,119,654 34%
Northeast 0 $0 $0 $0 0.0%
Southeast 74 $24 613,977 $52,138,088 $76,752,065 0.3%
Southwest 106 $19,444 599 $15,060,521 $34,505,220 02%
West/Northwest 144 $42,157,111 $80,473,217 $122,630,327 0.3%
Total 2,261 $672,880,866 $1,243,762,880 $1,916,643,745 1.1%

a. Calculated using a user-defined analysis in Hazus. Hazus is not currenfly able to calculate losses for houseboats, therefore, damage
to these struciures was not included in this assessment
Mote: Values shown are accurate only for comparison among results in this plan. See Sechion 6.8 for a discussion of data limitafions.
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Table 11-21. Percent of Buildings in Floodplain with Flood Insurance

1% Annual Chance Flood 0.2% Annual Chance Flood
Total Buildings in % of Buildings with Total Buildings in % of Buildings with
Flood Zone Flood Insurance Flood Zone Flood Insurance

Airport 266 1.5% 266 1.9%
Central City 20 60.0% a7 14.5%
Central Northeast 34 2.9% M4 2.9%
East Portland 823 35.8% 131 24.7%
North Portland 1182 16.5% 1473 16.6%
Northeast 0 0.0% 0 0.0%
Southeast 1681 331% 195 33.3%
Southwest 85 41 2% 136 39.7%
West/Northwest 26 0.0% 1M 0.6%
Total 2617 23.0% 4113 18.8%

The average claim paid in Portland represents about 3.1 percent of the 2015 average Replacement
value of structures in the floodplain.

The percentage of policies and claims outside a mapped floodplain suggests that not all of the flood risk
in Portland is reflected in current mapping. Based on information from the NFIP, 37.7 percent of policies
in Portland are on structures within an identified SFHA, and 62_3 percent are for structures outside such
areas. Of total claims paid, 23.8 percent were for properties outside an identified 1-percent annual
chance flood hazard area. These claims are likely the result of urban flooding resulting from a lack of
adequately sized stormwater conveyance systems.

Repetitive Loss

A repetitive loss property is defined by FEMA as an NFIP-insured property that has experienced any of
the following since 1978, regardless of any changes in ownership:

= Four or more paid losses in excess of $1,000
» Two paid losses in excess of $1,000 within any rolling 10-year period
* Three or more paid losses that cumulatively equal or exceed the current value of the property.

FEMA-sponsored programs, such as the CRS, require participating communities to identify repetitive
loss areas. A repetitive loss area is the portion of a floodplain holding structures that FEMA has
identified as meeting the definition of repetitive loss. Identifying repetitive loss areas helps to identify
structures that are at risk but are not on FEMA'’s list of repetitive loss structures because no flood
insurance policy was in force at the time of loss.

Following the CRS repetitive loss area analysis protocol, the City has identified 83 properties subject to
repetitive flooding within 7 geographical areas of the City. Disclosure of these properties is not provided
in the plan due to protection under the Privacy Act. All of these properties are residential and are in or
immediately adjacent to the FEMA-mapped SFHA. Nine repetitive loss properties throughout the City
were identified after the 2009 floods—four of them in the Johnson Creek watershed. BES disseminates
an outreach project to all repetitive loss area properties annually.

Figure 11-4 shows the repetitive loss areas in the City of Portland. FEMA's list of repetitive loss
properties identifies nine such properties in Portland as of November 30, 2014, none of which have
been mitigated.
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Repetitive loss properties make up only 1 to 2 percent of flood insurance policies in force nationally, yet
they account for 40 percent of the nation’s flood insurance claim payments. In 1998, FEMA reported
that the NFIP's 75,000 repetitive loss structures have already cost $2 .8 billion in flood insurance
payments and that numerous other flood-prone structures remain in the floodplain at high risk. The
government has instituted programs encouraging communities to identify and mitigate the causes of
repetitive losses. A report on repetitive losses by the National Wildlife Federation (2006) found that 20
percent of these properties are outside any mapped 1-percent annual chance flood hazard area. The
key identifiers for repetitive loss properties are the existence of flood insurance policies and claims paid
by the policies.

11.5.3 Critical Facilities and Infrastructure

Hazus-MH was used to estimate the flood loss potential to critical facilities exposed to flood risk. Using
depth/damage function curves to estimate the percent of damage to the building and contents of critical
faciliies, Hazus-MH correlates these estimates into an estimate of functional down-time (the estimated
time it will take to restore a facility to 100 percent of its functionality). This helps to gauge how long
Portland could have limited usage of facilities deemed critical to flood response and recovery. The
Hazus cntical facility results are as summarized in Table 11-22 through Table 11-24.

Table 11-22. Estimated Damage to Critical Facilities and Infrastructure from 10-Percent Annual Chance Flood

| Mumber of Faciiies | Average % of Total Value Damaged Days to 100%
Affected Building Content Functional

Emergency Services 2 ] 100 640
Schools 0 — — —
Transportation Systems 10 21 - NJA
High Potential Loss Facilities 1 1 — NJA
Utility Systems

Communications 1 16 - NIA

Power 0 - - -

Potable Water 0 - - -

Wastewater 4 40 — MIA
Other Assets 0 — — =
TotallAverage 18 21 100 640

Number of Faciliies Average % of Total \Value Damaged | Days to 100%

Affected Building Confent Functional

Emergency Services 2 84 100 900
Schools 0 — — -
Transportation Systems 14 18 - MIA
High Potential Loss Facilities 9 7 — MIA
Utility Systems

Communications 3 16 - MIA

Power 0 - - -

Potable Water 1 Less than 1 - NIA

Wastewater 7 40 - NIA
Other Assets 0 — — -
Tﬂﬁw 36 26 100 900
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Table 11-24. Estimated Damage to Critical Facilities and Infrastructure from 0.2-Percent Annual Chance Flood

Number of Faciliies Awverage % of Total Value Damaged Days to 100%
Affected Building Content Funchionali

Emergency Services 7 39 7 669
Schools 4 4 20 480
Transportation Systems 21 17 - NIA
High Potential Loss Facilities 25 9 - NIA
Utility Systems

Communications 3 21 - NIA

Power 6 3 - -

Potable Water 1 1 - NIA

Wastewater 21 35 - NIA
Other Assets 3 8 - -
Total/Average )| 16 46 575

11.5.4 Environment

The environment vulnerable to flood hazard is the same as the environment exposed to the hazard.
Loss estimation platforms such as Hazus-MH are not currently equipped to measure environmental
impacts of flood hazards. The best gauge of vulnerability of the environment would be a review of
damage from past flood events. Loss data that segregates damage to the environment was not
available at the time of this plan. Capturing this data from future events could be beneficial in
measuring the vulnerability of the environment for future updates.

11.6 FUTURE TRENDS IN DEVELOPMENT

Land use can exacerbate flood impacts. Development and fill in the floodplain can push floodwaters
into areas that did not previously flood or worsen existing impacts. Development in the uplands can
remove vegetation that absorbs and attenuates stormwater. Impervious surfaces shed stormwater
toward flood-prone areas. Table 11-25 and Table 11-26 show the proposed distribution of future land
uses within the 1-percent annual chance and 0.2-percent annual chance flood hazard areas.

Table 11-25. Future Land Use Designations in the 1% Annual Chance Flood Hazard Area

| Total Percent of Total Area?

| Area Mixed Use &| Open
Reporting Area | (acres) | Single-Dwelling | Multi ing | Commercial | & Industrial | Institutional | Spa
Airport 2,103 6.3% 8.1% 0.0% 23.9% 11.5% 50.3%
Central City 558 0.0% 8.8% 25.7% 28.1% 0.0% 37.4%
Central Northeast 432 0.0% 0.0% 0.0% 66.3% 0.0% 33.7%
East Portland 1,246 314% 2.0% 0.0% 20.3% 0.7% 45.7%
North Portland 5,244 3.2% 12% 0.0% 46.1% 9.3% 40.1%
Northeast 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Southeast 978 9.7% 46% 0.0% 6.1% 4.9% 74.7%
Southwest 307 8.9% 164% 0.0% 0.0% 16.0% 58.8%
West/Northwest 914 0.0% 0.0% 0.0% 95 7% 0.1% 4.2%
TOTAL 11,783 6.9% 3.4% 1.2% 38.6% 7.1% 42.1%

a.  Future land use areas based on proposed comprehensive plan designations as of February 2016.
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Table 11-26. Future Land Use Designations in the 0.2% Annual Chance Flood Hazard Area
Percent of Total Area

Residential
Employment| Mixed Use &
ingle-Dwelling | Multi-Dwelling & Industrial | Institutional :

Airport 2,110 6.2% 8.1% 0.0% 238% 11.4% 50.5%
Central City 1,086 0.0% 75% 36.7% 32.2% 0.0% 23.6%
Central Northeast 438 0.0% 0.0% 0.0% 66.4% 0.0% 33.6%
East Portland 1,441 35.8% 35% 0.0% 18.7% 1.1% 40.8%
North Portland 7,016 2 4% 1.0% 0.0% 58.2% 7.6% 30.8%
Northeast 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Southeast 1,056 9.3% 4.4% 0.0% 5.8% 47% 75.8%
Southwest 343 11.2% 17.2% 0.0% 0.0% 16.3% 55.3%
West/Northwest 1,167 0.0% 0.0% 0.0% 96.2% 0.5% 33%
TOTAL 14,658 6.5% 3.2% 2.1% 45.6% 6.1% 35.81%

a.  Future land use areas based on proposed comprehensive plan designations as of February 2016.

The City of Portland is equipped to handle future growth within flood hazard areas. Its comprehensive
plan addresses frequently flooded areas through a varnety of goals and polices pertaining to directing
growth away from high-risk areas through downzoning; encouraging the preservation of open space
and preserving and supporting natural and beneficial functions of floodplains; designing with nature;
promoting hazard resilient design; protecting, restoring and preserving environment and watershed
health; and ensuring comprehensive flood management. The City has committed to linking the
comprehensive plan to the MAP. This creates an opportunity for wise land use decisions as future
growth impacts flood hazard areas.

Additionally, the City of Portland participates in the NFIP and has adopted flood damage prevention
ordinances in response to its requirements and has committed to maintaining its good standing under
the NFIP through actions identified in this plan. The purpose of Chapter 24.50.010 of the Portland City
Code is to protect the public health, safety, and welfare by restricting or prohibiting uses that are
dangerous to health, safety, or property in times of flood or which cause increased flood heights or
velocities and by requiring that uses and structures vulnerable to floods be protected from flood danger
at the time of initial construction. The provisions of this chapter regulate development and construction
in flood hazard areas.

11.7 SCENARIO

The primary water courses in Portland have the potential to flood at irreqular intervals, generally in
response to a succession of intense winter rainstorms. Storm patterns of warm, moist air usually occur
between early November and late March. A series of such weather events can cause severe flooding in
Portland. The worst-case scenario is a series of storms that flood numerous drainage basins in a short
time. This could overwhelm the response and floodplain management capability in Portland. Major
roads could be blocked, preventing critical access for many residents and critical functions. High in-
channel flows could cause water courses to scour, possibly washing out roads and creating more
isolation problems. In the case of multi-basin flooding, the City of Portland would not be able to make
repairs quickly enough to restore critical facilities and infrastructure without significant disruption.
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11.8 ISSUES

The following general issues related to the flood hazard were identified during the planning process:

Mot all structures located within the 1 percent annual chance flood hazard area have flood
insurance. Flood insurance uptake is estimated to be 50 percent or less in all risk reporting
areas, except in the Northeast where there is no mapped flood risk and the Central City
where there is 60 percent uptake in flood insurance.

Only about 18 percent of structures located in the 0.2 percent annual chance flood hazard
area are thought to have flood insurance.

There are a significant number of Pre-FIRM buildings in Portland. Approximately 75 percent
of the buildings in the 1 percent annual chance flood hazard area are believed to have been
built before 1981.

Approximately 93 percent of the buildings in the floodplain were built before freeboard
requirements were in place (1996).

There are 9 repetitive loss properties in Portland that have structures on them. All of these
properties are residential and are in or immediately adjacent to the FEMA-mapped SFHA.
The Flood Insurance Study conducted by the Federal Emergency Management Agency
(Flood Insurance Number 410183V000B) in January 2010, serves as the basis for Flood
Insurance Rate Maps. This study does not include the impact of the 1996 flood nor the
amount of construction which has occurred in the Portland area later than 1977. This is also
the document that the buildable land inventory for the City is based on concerning property
in floodplain areas.

FEMA National Levee Accreditation Policies are currently under review and revision. These
revisions are likely to impact accreditation of existing flood management systems.

The risk associated with the flood hazard overlaps the risk associated with other hazards
such as earthquake liquefaction. This provides an opportunity to seek mitigation alternatives
with multiple objectives that can reduce risk for multiple hazards.

The potential future impacts of climate change on flood frequency and severity are not well
understood. This lack of understanding creates challenges for predicting and planning for
various flood scenarios.

More information is needed on flood risk to support the concept of risk-based analysis of
capital projects.

Ongoing flood hazard mitigation will require funding from multiple sources.

The concept of residual risk should be considered in the design of future capital flood control
projects and should be communicated with residents living in the floodplain.

Flood insurance should continue to be promoted as a means of protecting private property
owners from the economic impacts of frequent flood events.

A sustained effort should be made to gather historical damage data, such as high water
marks on structures and damage reports. The collection of this information will assist with
determining the cost-effectiveness of future mitigation projects and will provide more
information on the nature of the hazard.

Flood hazards do not recognize junsdictional boundaries, and actions in jurisdictions can
impact upstream or downstream neighbors. Coordination is necessary to ensure that these
connections are understood and hazards are effectively mitigated.

Floodplain residents need to continue to be educated about flood preparedness and the
resources available before, during, and after floods. Flood preparedness can help residents
reduce risk to property and lives. Resources that are made available after flood events can
help residents make informed decisions that may mitigate future risk to lives and property.
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The location of hazardous materials within the floodplain could result in secondary hazards
during or after a flood event.

FEMA maps do not recognize residual risk outside the mapped area. Where levees are
accredited, there may be a misperception that there is no flood nisk. Public outreach and
awareness efforts should, therefore, emphasize the residual risk behind levees.

Existing floodplain-compatible uses such as agricultural and open space need to be
maintained.

The following issues have been identified specific to the 10-percent annual chance (10-year) flood:

Immediate impacts will be felt within all nsk reporting areas except for the Northeast.
However, the Central City and West/Northwest are expected to be most severely impacted.
It is estimated that 4,052 people will be displaced from their homes after an event and 3,458
of these people will seek shelter in public shelters.

82 buildings are expected to be impacted by the flood event resulting in more than $182.3
million in damage. This is less than 1 percent of the total value of the risk reporting areas
impacted and just about 0.1 percent of the total value of Portland.

More than 16,255 tons of debns would be expected from the flood event, which will require
approximately 650 truckloads to remove. Most debris will be in the North Portland area,
Southeast area and the Central City.

There are 20 critical facilities located in the flood hazard area.

The following issues have been identified specific to the 1-percent annual chance (100-year) flood:

Immediate impacts will be felt within all nsk reporting areas except for the Northeast. The
risk reporting areas with the greatest number of buildings impacted (more than 100) will
include East Portland and North Portland.

It is estimated that 4,499 people will be displaced from their homes after an event and 3,664
of these people will seek shelter in public shelters.

Of the 2,925 buildings exposed, 972 buildings are expected to be impacted by the flood
event resulting in more than $369.2 million in damage. This is less than 1 percent of the total
value of the nisk reporting areas impacted and just about 0.22 percent of the total value of
FPortland.

More than 39,639 tons of debns would be expected from the flood event, which will require
approximately 1,585 truckloads to remove. Most debris (more than 5,000 tons) will be in the
MNorth Portland area, Southeast area, the Central City and the East Portland.

There are 80 critical facilities located in the flood hazard area.

* For the social vulnerability demographics of concern, exposure to the 1-percent-annual-chance
floodplain exceeds the citywide average by more than 2 percent in individual reporting areas as
follows:

# Population under 15 years of age—17 percent exposure in the East Portland area.

» Population over 65 years of age—21 percent exposure in North Portland, 17 percent
exposure in Southwest and Southeast, and 14 percent exposure in East Portland.

» People of color—32 percent exposure in the Airport area and Central Northeast.

» Renter-occupied housing—380 percent exposure in Central City, 69 percent exposure in
the Airport area and Central Northeast, and 60 exposure percent in Southwest.

» Families with incomes below the poverty level—20 percent exposure in the Airport area
and Central Northeast
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# Households with limited English speaking abilities—21 percent exposure in the Airport
area and 20 percent exposure in Central Northeast.

The following issues have been identified specific to the 0.2-percent annual chance (500-year) flood:

Immediate impacts will be felt within all sk reporting areas except for the Northeast. The
risk reporting areas with the greatest number of buildings impacted will include North
Portland (1,567 buildings), East Portland (1,456 buildings), and Central City (573 buildings).
It is estimated that 11,709 people will be displaced from their homes after an event and
10,622 of these people will seek shelter in public shelters.

Of the 4,536 buildings exposed, 2,261 buildings are expected to be impacted by the flood
event, resulting in more than $1.9 billion in damage. This is more than 3 4 percent of the
total value of the North Portland and more than 2.5 percent of the total value of the Central
City risk reporting areas. In total damage would account for about 1.1 percent of the total
value of Portland.

More than 65,307 tons of debns would be expected from the flood event, which will require
approximately 2,612 truckloads to remove. Most debris (more than 15,000 tons) will be in
the Central City, North Portland area, and Southeast area

There are 185 critical facilities located in the flood hazard area.

For the social vulnerability demographics of concern, exposure to the 0.2-percent-annual-
chance floodplain exceeds the citywide average by more than 2 percent in individual reporting
areas as follows:

» Population under 15 years of age—19 percent exposure in the East Portland area.

» Population over 65 years of age—21 percent exposure in North Portland, 18 percent
exposure in Southwest, and 16 percent exposure in Southeast.

» People of color—32 percent exposure in the Airport area and Central Northeast.

» Renter-occupied housing—/7 7 percent exposure in Central City, 69 percent exposure in
the Airport area and Central Northeast, and 59 exposure percent in Southwest.

» Families with incomes below the poverty level—20 percent exposure in the Airport area
and Central Northeast

# Households with limited English speaking abilities—21 percent exposure in the Airport
area and Central Northeast.
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12. VOLCANIC ACTIVITY
12.1 GENERAL BACKGROUND

) o , ) DEFINITIONS
A volcano is a vent or opening in the ea_nh s crust frum_whlch «  Lahar—A rapidly flowing mixture of
molten lava (magma), pyroclastic matenals and volcanic water and rock debris that originates
gases are expelled onto the surface. Volcanoes can unleash from a volcano. While lahars are most
destructive power greater than a nuclear bomb and pose a commeonly associated with erupfions,

heavy rains, and debris accumulation,

serious hazard if located near populated areas (NHMP, hquakes may also trigger them.

2010).

» Lava Flow—The least hazardous threat

ap - posed by volcanoes. Cascades
There are four general types of volcanoes found within a T e e T a1

short distance of the city (NHMP, 2010 and Allen, 1975): slow moving andesite or dacite lava.

«  Siratovolcano—Typically steep-sided,

* Lava domes are formed when lava erupts and symmetrical cones of large dimension

accumulates near the vent, such as those found at built of alternating layers of lava flows,
the Boring Volcanic Field. volcanic ash, and cinders, rising as

» Cinder cones are formed by accumulation of much as 8,000 feet above their bases.
cinders, ash and other fragmented materials = Tephra—Ash and fragmented rock
originating from an eruption. Mount Tabor and Powell material ejected by a volcanic explosion
Butte are local examples of cinder cone volcanoes. = Volcano—A vent in the planetary crust

from which magma (molten or hot rock)

* Shield volcanoes are broad, gently sloping volcanic and gas from the earih's core enupis.

cones of flat domical shape, usually several tens or
hundreds of square miles in extent, built chiefly of
overlapping and intertwined basaltic lava flows. Larch Mountain, Mount Sylvania and Highland
Butte are local examples of shield volcanoes.

* Composite or stratovolcanoes are typically steep-sided, symmetrical cones of large
dimensions built of alternating layers of lava flows, volcanic ash, cinders and blocks. Most
composite volcanoes have a crater at the summit containing a central vent or clustered group of
vents.

12.1.1 Cascade Range Volcanoes

The City of Portland is near the Cascade Range, an 800-mile-long chain of volcanoes that extends from
northern California to southern British Columbia (see Figure 12-1). There are 20 volcanoes in the
Cascade Range, five of which have been active in historical times: Mount Baker, Glacier Peak, Mount
Rainier, Mount 5t. Helens, Mount Adams and Mount Hood. Volcanoes can lie dormant for centuries
between eruptions, and the risk they pose is not always apparent. All of the volcanoes in the Cascade
Range are stratovolcanoes, which have seven different types of hazard associated with volcanic
activity. Figure 12-2 presents a graphic overview of the geoclogical hazards present during a volcanic
event.
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Source: USGS, 2013
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Figure 12-1. Cascade Range Volcanoes
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Eruption Cloud
Tephra (Ash) Fall
Acid Rain Bombs
Lava Dome

Lava Dome Collapse

Pyroclastic [

Flow | ’

Lava Flow
Lahar (Mud or Debris Flow)

Most volcane hazards are associated
with eruptions. However, some
hazards, such as lahars and dehris

avalanches, can occur even when a
volcano is not erupting.

Figure 12-2. Geologic Hazards at Volcanoes

Source: USGS, 2014c
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Pyroclastic Flows and Surges

Pyroclastic flows are avalanches of hot (200°C to 700°C), dry, volcanic rock fragments and gases that
descend a volcano’s flanks at speeds greater than 50 miles per hour. Pyroclastic flows can form in
three ways: a highly explosive eruption, “boiling over” from an eruptive vent, or collapse of a lava dome
(USGS, 2016b). Pyroclastic flows and surges are a lethal hazard. They result in incineration,
asphyxiation, and bural. Because of their speed they cannot be outrun. Pyroclastic flows are heavier
than air and seek topographically low areas. Hot mixtures of gas and rock will flow above the ground
and may go over topographical barmiers such as ridges and hills.

Lava Flows

Lava flows are normally the least hazardous threat posed by volcanoes. The speed and viscosity of a
lava flow are determined by the silica content of the lava. The higher the silica content, the more
viscous (thick) the lava becomes. Low silica basalt lava can move 10 to 30 mph. High silica andesite
and dacite tend to move more slowly and travel short distances (USGS, 2008b). Cascade volcanoes
are normally associated with slow moving andesite or dacite lava. However, 3,000 years ago Mount St.
Helens produced a large amount of basalt (USGS, 2014a).

Large lava flows may destroy property and cause forest fires but, since they are slow moving, they
pose little threat to human life. The greater hazard presented by lava flows is that their extreme heat
can cause snow and ice to melt very quickly, adding to flooding hazards or the lahar and debris
avalanche hazards described below.

Tephra

Ash and large volcanic projectiles can erupt from a volcano into the atmosphere. These matenals are
sometimes called tephra. The largest fragments (bombs, =64 mm) fall back to the ground fairly near the
vents, as close as a few yards and most commonly within 2 miles (USGS, 2008b). The smallest rock
fragments (ash) are composed of rock, minerals, and glass that are less than 2 millimeters in diameter.
Tephra plume characteristics are affected by wind speed, particle size, and precipitation.

Tephra poses a variety of threats. Ash only 1 cm thick can impede the movement of most vehicles and
disrupt transportation, communication, and utility systems. During the past 15 years, about 80
commercial jets have been damaged by inadvertently flying into ash, and several have nearly crashed
(USGS, 2008b). Airborne tephra will seldom kill people who are a safe distance from the vent.
However, ash may cause eye and respiratory problems, particularly for those with existing medical
conditions. Short-term exposure should not have any long-term health effects. Some ash fall materials
may have acidic aerosol droplets that adhere to them. This may cause acid rain or corrosion of metal
surfaces they fall on.

Ash may also clog ventilation systems and other machinery. When ash is mixed with rain it becomes a
much greater nuisance. Wet ash is much heavier and it can cause structures to collapse. Wet ash may
also cause electrical shorts. Tephra also decreases visibility and may cause psychological stress and
panic.

Lahars

Lahars are rapidly flowing mixtures of water and rock debns that originate from volcanoes. While lahars
are most commonly associated with eruptions, heavy rains, debris accumulation, and even earthquakes
may also trigger them. They may also be termed debris or mud flows. Lahars can travel over 50 miles
downstream, reaching speeds between 20 and 40 mph (USGS, 2008b). Beyond the flanks of a
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volcano, lahars will normally be channeled into waterways. The threat from lahars comes from their
speed and from the debns they carry. Abrasion from the heavy sediment and impacts from heawvy
debris can destroy forests as well as human-made structures, including bridges, dams, roads,
pipelines, buildings, and farms. Lahars may also fill in channels, obstructing shipping lanes and
impacting a channel's ability to handle large volumes of water.

Debris Avalanches

Debris avalanches occur when the flank of a volcano collapses and slides downslope. The avalanche
may initially include rock, soil and snow, and incorporate additional matenals, such as trees and
buildings, as it moves toward the valley floor. If avalanches incorporate a significant amount of water as
they rush down the volcano, they may transition to lahars. Avalanche scars are typically noticeable as
horseshow shaped craters (USGS, 2015a).

Volcanic Gases

All active volcanoes emit gases. These gases may include steam (water vapor), carbon dioxide, sulfur
dioxide, hydrogen sulfide, hydrogen, and fluorine. Sometimes, these chemicals can be absorbed by ash
and impact groundwater, livestock, and metal objects. Even when a volcano is not erupting, gases can
escape through small surface cracks. The greatest danger to people comes when large quantities of
toxic gases are emitted from several sources or when there are topographic depressions that collect
gases that are heavier than air. These gases can accumulate to the point where people or animals can
suffocate (USGS, 2016c).

Lateral Blast

Lateral blasts are explosive events in which energy is directed horizontally instead of vertically from a
volcano. They are gas-charged, hot mixtures of rock, gas and ash that are expelled at significantly high
speeds. Lateral blasts vary in size, but large ones are fairly rare, with only a few historical examples
worldwide. The most recent was the 1980 eruption of Mount St. Helens when almost everything within
the blast zone (about 230 square miles) perished. The Mount 5t. Helens lateral blast is estimated to
have reached a velocity of 670 mph, and there have been speculations that the velocity may have gone
even higher, reaching a supersonic rate of 735+ mph for at least a few moments (USGS, 1997a).

12.2 HAZARD PROFILE
12.2.1 Past Events

Mt. 5t. Helens has been the most active volcano in the Cascade Range during the past 10,000 years.
Early 19th century settlers in the region witnessed eruptions occurring along the north flank area of the
mountain. In Oregon, awareness of the potential for volcanic eruptions has greatly increased since the
May 18, 1980 eruption, which killed 57 people. The upper portion of the summit collapsed in a massive
landslide triggered by volcanic tremors. That portion of the mountain is now a horseshoe-shaped crater
partially filled by a lava dome (NHMP, 2010).

As a result of the 1980 Mt. St. Helens eruption and the far-reaching extent of the lateral blast, damage
and reconstruction exceeded $1 billion. The coverage area was 230 square miles and reached 17 miles
northwest of the crater. Impacts from pyroclastic flows covered six square miles and reached five miles
north of the crater. Landslides covered 23 square miles. Lahars (mudflows) affected the North and
South Forks of the Toutle River, the Green River and ultimately the Columbia River, as far as 70 miles
from the volcano. Mt. St Helens’ most recent eruption began in October of 2004, with initial steam and
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ash eruptions giving away to slow-moving lava flows which ceased in January of 2008. In October of
2004 ash was pushed more than 10,000 feet into the air and lava flows continued until January 2008,
after which activity ceased. The volcano has since been downgraded to inactive, although another
eruption in the near future is likely (NHMP, 2010).

In 1781, Mount Hood erupted, which resulted in lahar flows that reached the Columbia River (USGS,
2013b). There were additional reports of eruptive activity in 1859 and 1865 from early settlers. Reports
included sightings of fire, smoke, flying rock, and steaming (USGS, 2012). Two other minor eruption
periods occurred during the last 500 years with some lava flow near the summit. The eruptions created
pyroclastic flows and lahars with little ash fall. Other volcanoes throughout the Pacific Northwest have
undergone similar formation and eruption cycles (MHFC, 2005 as cited in NHMFP, 2010).

Table 12-1 and Figure 12-3 summarize past eruptions in the Cascades. Seven Cascade volcanoes
have erupted since the beginning of the 18th century (USGS, 2013b).

Table 12-1. Past Eruptions near the City of Portland

T ype of Eruptions
Mount Adams 3 in the last 10,000 years, most recent was 1,000 to 2,000 years ago Andesite lava
Mount Hood 3 in the last 2000 years Pyroclastic flows, lahars, steam explosions,
tephra
Mount Jefferson Last eruption approximately 15,000 years ago Lava domes
Mount 5t Helens 19 eruptions in last 13,000 years Pyroclastic flows, lahars, lava, and tephra
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Figure 12-3. Cascade Range Eruptions in the Past 4,000 Years
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12.2.2 Location

The extensive north-south chain of volcanoes in the Cascade Range was formed by earthquakes
originating from the Cascadia Subduction Zone. As the Juan de Fuca Plate sinks beneath the North
American Plate, it heats up and begins to melt, providing a vast reservoir of the heat and molten rock
that create the magma chambers that become volcanoes (NHMP, 2010).

The USGS provides descriptions of the four closest volcanoes to the city, Mt. Adams, Mt. Hood, Mt. 5t.
Helens and Mt. Jefferson, all located to the east of the city (USGS, 2009a as cited in NHMFP, 2010):

« Mt Adams stands approximately 31 miles due east of Mt. 5t. Helens. The towering
stratovolcano (12,276 feet) is marked by a dozen glaciers, most of which are fed radially from its
summit icecap. In the Cascades, Mt. Adams is second in eruptive volume only to Mt. Shasta
and it far surpasses its loftier neighbor Mt. Rainier. Mt. Adams’ main cone exceeds 124 cubic
miles.

= Mt Hood is located approximately 47 miles east-southeast of Portland and is the most
accessible Oregon volcano. Access to the volcano is provided by US Highway 26 from the
south and west and Oregon Highway 35 from the east. Other paved roads provide further
access to this most often-climbed peak in the Pacific Northwest. In the winter, the mountain
hosts winter sports. At 11,239 feet, Mt. Hood is the highest peak in the state and is part of the
Mt. Hood National Forest (USGS, 2009a as cited in NHMP, 2010).

= Mt Jefferson is located in the Mt. Jefferson Wilderness area and the Warm Springs Indian
Reservation, approximately 70 miles from Portland. It is the second highest peak in Oregon at
10,497 feet. Access is provided by Highway 22 east of Salem and US Forest Service roads and
trails that lead into the wilderness area (USGS, 2009 as cited in NHMP, 2010).

= Mt 5t. Helens, a stratovolcano, is located approximately 50 miles northeast of Portland in
Skamania County, Washington and has an elevation of 8,365 feet. Access is provided from the
west in Cowlitz County by State Route 504. (USGS 20093, as cited in NHMP, 2010).

Mt. 5t. Helens is believed to be the volcano with the greatest potential to have a near-term impact on
the region because of its recent activity since the cataclysmic event in May 1980. A large eruption of
Mt. 5t. Helens can eject tephra to altitudes of 12 to 20 miles and to deposit tephra over an area of
40,000 square miles or more. Wind direction and velocity, along with the vigor and duration of the
eruption, will control the location, size and shape of the area affected by tephra fall (NHMP, 2010).

Due to proximity, the major hazard for the city would be impacts from ash or tephra. (i.e., minor ash
falls from eruptions from Mt. St. Helens, or lesser ash falls from Mt. Hood or more distant volcanoes).
Prevailing wind is a factor in how much ash is disbursed within the city. Volcanic eruptions may impact
water bodies. River valleys are susceptible to debnis flows, landslides and lahars that, under extreme
conditions, may require dredging to maintain channel depths for navigation (NHMP, 2010). Figure 12-4
shows the potential area at risk of this hazard.

12.2.3 Frequency

Many Cascade volcanoes have erupted in the recent past and will be active again in the foreseeable
future. Given an average rate of one or two eruptions per century during the past 12,000 years, these
disasters are not part of our everyday expenence; however, in the past hundred years, California’s
Lassen Peak and Washington's Mount St. Helens have erupted with terrifying results. The U.S.
Geological Survey classifies Mount Hood, Mount Jefferson, Three Sisters, Newberry and Crater Lake
as potentially active volcanoes in Oregon.
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Mt. 5t. Helens, in Washington State, is by far the most active volcano in the Cascades, with four major
explosive eruptions in the last 515 years. Still, the probability of an eruption in any given year is
extremely low. Figure 12-5 shows the annual probability of an ash fall accumulation of 4 inches or more
{10 cm). The eastern portion of the City of Portland sits at the 0.02 percent range, or about once every
5,000 years. The rest of the City of Portland sits in the 0.01 percent range, or once every 10,000 years.
However, frequencies of smaller accumulations in shorter timeframes are certainly possible.

Source: USGS, 2011

] A Wount Meager Annual |
N A Mount Cayley Probability |
| .;. A Mount Garibaldi >10cm

. 0.01 g

% A Mount Baker | 20%

_:: . 0.001
R & Olacier Peak - 00002 |
| - 00001 [

y: A Mount Jefferson
| A Three Sisters

A Newberry Volcano

A Crater Lake

Figure 12-5. Probabilistic Hazard Map of Tephra Accumulation of 10 Centimeters or Greater
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12.2.4 Severity

The most predominate threat to the city would occur from volcanic ash clouds, drifting downwind
potentially landing several miles from the volcano. Events can vary from minor to heavy, with minor
events reducing visibility and increasing respiratory and breathing difficulty. Driving can become
potentially treacherous from reduced visibility and particulate ingested engine damage. Other problems
common from air-entrained ash particles could include clogged and damaged sewage systems,
mechanical equipment failure caused by the abrasive nature of volcanic ash and economic losses
caused by business slowdowns and the cost of ash removal. Heavy tephra fall could affect humans and
aquatic life as the ash accumulation increases the natural turbidity of waterbodies, causing increased
treatment requirements. Heavier ash fall collects on all surfaces such as rooftops, decks and parking
lots and requires removal. (NHMP, 2010).

A 1-inch deep layer of ash weighs an average of 10 pounds per square foot, causing danger of
structural collapse. In addition to the concern for structural collapse, ash is commosive and can be
electrically conductive. This can lead to metallic roof surfaces experiencing increased deterioration. The
abrasive and corrosive nature of ash not only causes potential minor but painful bums to humans, it can
also damage computer and electronic systems. While volcanic ash is most often associated with
structural instability, it can also cause issues with agriculture, health, power supply, water supply,
transportation, and wastewater (USGS, 2015b).

Secondary impacts would be dust clouds generated by ash removal and surface damage from the
scratchy nature of the tephra particulates. Ash clouds are especially damaging to jet aircraft as ash
clouds can dnft great distances at high altitudes. The city’'s international airport and other area airports
are especially vulnerable and temporary flight restrictions and diversions may be required during active
ash fall events (NHMP, 2010).

Although it is near both Mount 5t. Helens and Mount Hood, Portland does not have a large degree of
exposure to direct impacts, aside from tephra. Figure 12-6 shows the severity of lahar hazards just to
the east of the City of Portland. The severity of impacts from lahar hazards would likely depend on the
severity of the eruption. The severity of impacts from tephra would be related to the extent of the
accumulation.

12.2.5 Warning Time

Constant monitoring of all active volcanoes means that there will be more than adequate time for
evacuation before an event. Since 1980, Mount 5t. Helens has settled into a pattern of intermittent,
moderate and generally non-explosive activity, and the severity of tephra, explosions, and lava flows
have diminished. All episodes, except for one very small event in 1984, have been successfully
predicted several days to three weeks in advance. However, scientists remain uncertain as to whether
the volcano’s current cycle of explosivity ended with the 1980 explosion. The possibility of further large-
scale events continues for the foreseeable future.

The best waming of a volcanic eruption is one that specifies when and where an eruption is likely and
what type and size eruption should be expected. Such accurate predictions are sometimes possible but
still rare. The most accurate wamings are those in which scientists indicate an eruption is probably only
hours to days away, based on significant changes in a volcano's earthquake activity, ground
deformation, and gas emissions. Experience from around the world has shown that most eruptions are
preceded by such changes over a period of days to weeks. A volcano may begin to show signs of
activity several months to a few years before an eruption. However, a warning that specifies months or
years in advance when it might erupt are extremely rare.
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Figure 12-6. Potential Impact Area for Ground-Based Hazards during a Mount Hood Event

Monitoring Volcanic Activity

The USGS and the Pacific Northwest Seismograph Network conduct seismic monitoring of all Cascade
volcanoes in Oregon and Washington. During the past decade, monitoring networks on Mount Hood
and Mount St. Helens have been expanded (USGS, 2014b).

Volcanic Event Notification

Members of the public may sign up for the USGS Volcano Notification Service email subscription
service on the USGS website. Notifications include several types: volcano activity notices; daily, weekly
or monthly updates; status reports; volcano observatory notices for aviation; and information
statements.

Volcano-alert notifications are based on analysis of data from monitoring networks, direct observations,
and satellite sensors. They are issued for both increasing and decreasing volcanic activity and include
text about the nature of the activity and about potential or current hazards. Scientists describe a
volcano's status using alert levels and color codes and issue different types of notifications to address
specific information needs. These alert levels consist of two parts (USGS, 2016e):
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* Ranked terms to inform people on the ground about a volcano's status:

» Normal—Volcano is in typical background, non-eruptive state or, after a change from a
higher level, volcanic activity has ceased and volcano has returned to non-eruptive
background state.

» Advisory—Volcano is exhibiting signs of elevated unrest above known background level
or, after a change from a higher level, volcanic activity has decreased significantly but
continues to be closely monitored for possible renewed increase.

» Watch—Volcano is exhibiting heightened or escalating unrest with increased potential of
eruption, timeframe uncertain, OR, eruption is underway but poses limited hazards.

» Warning—Hazardous eruption is imminent, underway, or suspected.

* Ranked colors to inform the aviation sector about airbormne hazards (green, yellow, orange and
red generally correspond to alert level term definitions).

This alert level ranking offers a framework that the public and civil authorities can use to gauge and
coordinate a response to a developing volcano emergency.

Currently, the City of Portland Bureau of Emergency Management uses the federal system called
Wireless Emergency Alerts to warn residents about impending risks posed from different hazards.
Combined with the Emergency Alert System and Community Emergency Notification System, residents
who sign up for these services will have ample warning about any volcanic hazards.

Lahar Travel Times

According to the United States Geological Survey (2013a), it would take more than 3.5 hours for distal
hazard impacts to reach Portland (see Figure 12-7).

12.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

12.3.1 Overview

The secondary factors most commonly caused by volcanic eruptions are mud flows and landslides.

Volcanic ash fall also contributes significantly to poor air quality as discussed in the population
vulnerability section of this profile.

12.3.2 Climate Change

Climate change is not likely to affect the risk associated with volcanoes; however, volcanic activity can
affect climate change. Volcanic clouds absorb terrestrial radiation and scatter a significant amount of
incoming solar radiation. By reducing the amount of solar radiation reaching the Earth’s surface, large-
scale volcanic eruptions can lower temperatures in the lower atmosphere and change atmospheric
circulation patterns. The massive outpouring of gases and ash can influence climate patterns for years
following a volcanic eruption.
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Source: USGS, 2013a
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Figure 12-7. Mount Hood Hazard Zones and Lahar Travel Times

12.4 EXPOSURE

The City will likely experience damage only from volcanic eruption columns and clouds that contain
volcanic gases, minerals and rock. The columns and clouds form rapidly and extend several miles
above an eruption. Solid particles in the clouds present a serious aviation threat, can distribute acid rain
(sulfur dioxide gas and water), can create risk of suffocation (carbon dioxide is heavier than air and
collects in valleys and depressions) and pose a toxic threat from fluorine, which clings to ash particles,
potentially poisoning grazing livestock and contaminating domestic water supplies (NHMP, 2010).

Buildings, streets and roads throughout the City would require minor cleanup with negligible impacts.
Temporary utility interruptions are likely and minor cleanup may be required for electrical and other
utility services. Water treatment facilities may be required to address highly turbid water. Columbia and
Willamette River traffic could be impacted by sediment deposition from a large Mt. St. Helens or Mt.
Hood eruption. Channel dredging to restore acceptable depths could be required after such an incident.
Health complications associated with respiratory problems may also result (NHMP, 2010).
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Portland is exposed to a Mt. Hood eruption that generates lahar and tephra. All that is in the path of the
lahar is exposed to potential damage. Tephra exposure is assumed to apply to the entire city.

12.4.1 Population

The entire population of Portland is exposed to the effects of tephra. Populations residing in the
northeast portion of the East Portland risk reporting area could be impacted by lahar hazards. Based on
the percent of residential structures located in the lahar hazard areas it is estimated that approximately
25 people reside within the hazard area. The estimated social vulnerability indicators for those residing
in this area is as follows:

= 7.7 percent under 15 years of age

23.8 percent over 65 years of age

8.8 percent people of color

6.9 percent renters

0 percent economically disadvantaged families
* ([ percent limited English speaking households.

12.4.2 Property

Lahar

All property in the lahar inundation areas would be exposed to lahar flows. Table 12-2 lists the total
number of Portland structures in the lahar hazard zones and their values. All general building stock
exposure is located in East Portland accounting for 1.8 percent of the total replacement value of the risk
reporting area and less than 1 percent of the total replacement value of the city.

Table 12-2. Exposure and Value of Structures in Lahar Hazard Zone

Number of Value Exposed Exposed Value as % of

g5 Expose Contents Total Replacement Value
Airport 0 $0 50 $0 0.0%
Central City 0 $0 $0 $0 0.0%
Central Northeast 0 $0 50 $0 0.0%
East Portland 43 $233,499 088 $247 304,890 $480,803 978 1.8%
North Portland 0 $0 $0 $0 0.0%
Northeast 0 $0 $0 $0 0.0%
Southeast 0 $0 50 $0 0.0%
Southwest 0 $0 $0 $0 0.0%
West/Northwest 0 $0 50 $0 0.0%
Total 43 $233,499,087.95 $247,304,890.38  $480,803,978 0.3%

The 43 buildings located in the lahar hazard area are the following occupancy classes:

Residential — 7 (16.3 percent)
Commercial — 24 (55.8 percent)
Industrial — 7 (16.3 percent)
Education — 5 (11.6 percent).

Tephra
All property in Portland would be exposed to tephra accumulation from a volcanic eruption.
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12.4.3 Critical Facilities

Lahar

Infrastructure exposed to lahar inundation includes highway bridges and a section of Union Pacific
Railway that cross the Sandy River in the lahar zone, just outside Portland. Also outside Portland are
46 potable water facilities pnimarily operated by the Portland Water Bureau that are exposed to a lahar
flow. These facilities are mostly wells and pumps in the Columbia South Shore Well Field. Table 12-3
and Table 12-4 summarize the exposed critical facilities in Portland.

Table 12-3. Critical Facilities in Lahar Inundation Zone
MNumber of Critical Facilities in Lahar Hazard Areas?

High Potential Loss Faciliies Other Assets

0
0
0
4
0
0
0
0
0
0

=
[=]
=]

Airport 0
Central City

Central Northeast

East Portland

North Portland
Northeast

Southeast

Southwest
West/Northwest
Outside City Boundary
Total

a. See Table 6-1 for a description of the faciliies included in each category.
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Table 12-4. Critical Infrastructure in Lahar Inundation Zone

MNumber of Critical Infrastructure Facilities in Lahar Hazard Areas2
Transportation [

Utility Systems
Systems Communications Power | Potable Water Total
0 0 0

Airport 0 0 0
Central City 0 0 0 0 0 0
Central Northeast 0 0 0 0 0 0
East Portland 0 1 1 35 1 38
West/Northwest 0 0 0 0 0 0
North Portland 0 0 0 0 0 0
Northeast 0 0 0 0 0 0
Southeast 0 0 0 0 0 0
Southwest 0 0 0 0 0 0
Outside City Boundary 3 0 0 46 0 49
Total 3 1 1 81 1 87

a. See Table 6-1 for a description of the faciliies included in each category.

There are 1.34 miles of levees (6.6 percent of the total mileage in Portland) exposed to lahar flows in
the distal hazard zone. Additionally, 2.60 miles of major power lines (0.6 percent of the total mileage in
Portland) are also exposed.
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Tephra

All transportation routes are exposed to tephra accumulation, which could create hazardous driving
conditions on roads and highways and hinder evacuations and response.

12.4.4 Environment

The environment is highly exposed to the effects of a volcanic eruption. Even if ash fall from a volcanic
eruption were to fall elsewhere, it could still be spread throughout Portland by surrounding rivers and
streams. A volcanic blast would expose the local environment to many effects such as lower air quality,
and many other elements that could harm local vegetation and water quality. Environment in the path of
a lahar would be subject to additional impacts.

12.5 VULNERABILITY

12.5.1 Population

Lahar

Since there is generally adequate warning time before a volcanic event, the population vulnerable to
distal hazards consists of those who choose not to evacuate or are unable to evacuate. The latter
includes the elderly, the very young, those with access and functional needs, and those who may not
have access to or be able to understand wamnings.

Tephra

The entire population of Portland is vulnerable to the damaging effects of volcanic tephra, or ash fall, in
the event of a volcanic eruption. The elderly, very young and those who experience ear, nose and
throat problems are especially vulnerable to the tephra hazard. Ash is harsh, acidic, gritty, and smelly.
Although the gases are usually too diluted to constitute danger to a person in normal health, the
combination of acidic gas and ash may cause lung problems. Extremely heavy ash can clog breathing
passages and cause death. When an ash cloud combines with rain, sulfur dioxide in the cloud
combines with water to form diluted sulfuric acid that may cause minor, but painful burns to the skin,
eyes, nose, and throat. Hydrochloric acid rains following eruptions have also been reported.
Additionally, tephra decreases visibility and may cause psychological stress and panic.

12.5.2 Property

Lahar

There are currently no generally accepted damage functions for volcanic hazards in nsk assessment
platforms such as Hazus-MH. All properties listed in Table 12-5 are considered vulnerable to lahar
hazards. The most vulnerable structures would be those that are located closest to the Columbia and
Sandy River hazard areas, and those that are not structurally sound. Loss estimates for lahar hazards
are shown in Table 12-5 representing 10, 30, and 50 percent of the exposed property value.

Table 12-5. L oss Estimates for Volcano Lahar Hazards

Estimated Loss Potential from Lahar Hazards

10% Damage

East Portland $480,803 978 $48 080,398 $144 241 193 $240.401,989
Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8.3 for a discussion of data limitations.
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Tephra

All of the property exposed to nature in Portland is exposed to the effects of tephra accumulation.
Among these properties, the most vulnerable structures are those that are not as structurally sound and
may collapse under the excessive weight of tephra and possible rainfall. There are no current
regulations regarding the weight of tephra on roof structures, however current snow load requirements
for new buildings built in Portland have been in effect since being adopted in 2008 by the Oregon
Building Codes Division. Table 12-6 shows the percentage of properties in the City of Portland that
were built before snow load codes went into effect. Pre-2008 properties are likely to be more vulnerable
to potential roof collapse due to tephra accumulation. Additional vulnerable property includes
equipment and machinery left out in the open whose parts can become clogged by the fine dust.
Infrastructure, such as drainage systems, is potentially vulnerable to the effects of tephra, since the fine
ash can clog pipes and culverts. This may be more of a problem if an eruption occurs during winter or
early spring when precipitation is highest and floods are most likely.

To estimate the loss potential for this hazard, a qualitative approach was used, based on
recommendations from FEMA guidelines on state and local mitigation planning. For this study, it was
decided to use 0.1 percent as the loss ratio for the tephra hazard. Replacement valuations for all of
Portland were the basis for these estimation, resulting in a loss estimate of $170,805,775.

Table 12-6. Age of Structures in Portland

Pre-20084 2008-presentd

Airport 92 4%

Central City 2,5?5 97 2% ?4 2_8%
Central Northeast 17,051 98.0% 355 2.0%
East Portland 42 463 97 0% 1,292 3.0%
West/Northwest 7616 97 4% 205 2.6%
North Portland 23 405 95 6% 1,084 4.4%
Northeast 19,932 96.4% 748 3.6%
Southeast 51,502 96.7% 1,768 3.3%
Southwest 22 539 97 5% 585 2.5%
Total 187 617 96 8% 6.160 3.2%

a.  Year built information was collected from Mulinomah County tax assessor data. When year built information was unavailable, it was
estimated based on census block or county-wide average year built dates.

12.5.3 Critical Facilities

Lahar

Transportation routes that intersect with the lahar inundation zone are most vulnerable, especially
depending on their structural stability. This would include roads, bridges and the Union Pacific Railway.
The most vulnerable spots are those that directly intersect with a lahar outflow area and are not
structurally sound. Utilities are vulnerable to damage from lahars due to the debns that may be carmied.
Most vulnerable are those that are located on or near parcels that intersect with the lahar outflow area
or those that receive input from area streams and rivers that lahar flow through. Water treatment plants,
potable water wells and wastewater treatment plants are vulnerable to contamination from debris that
may be carried by a lahar.
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Tephra

All transportation routes are exposed to tephra accumulation, which could create hazardous driving
conditions on roads and highways and hinder evacuations and response. Machinery and equipment
using these transportation routes would also be vulnerable. Water treatment plants and wastewater
treatment plants are vulnerable to contamination from ash fall. Visibility in the short aftermath of an
eruption would also be problematic.

12.5.4 Environment

The environment is very vulnerable to the effects of a volcanic eruption. A lahar could be very
damaging to area rivers and streams and could redirect water flow and cause changes in water
courses. Tephra accumulation would expose the local environment to lower air quality and other effects
that could harm vegetation and water quality. This is particularly significant for the Bull Run watershed,
where heavy ash fall could cause turbidity and water quality issues. The sulfuric acid contained in
volcanic ash could be very damaging to area vegetation, water, wildlife, and air quality. Rivers and
streams are also vulnerable to damage due to tephra.

12.5.5 Economic Impact

Volcanic eruptions can disrupt the normal flow of commerce and daily human activity without causing
severe physical harm or damage. Ash that is a few inches thick can halt traffic, cause rapid wear of
machinery, clog air filters, block drains, creeks and water intakes, and impact agriculture. Removal and
disposal of large volumes of deposited ash can have significant impacts on government and business.
The interconnectedness of the region’s economy can be disturbed after a volcanic eruption. Roads,
railroads and bridges can be damaged by lahars and mudflows. The Mount 5t. Helens May 1980
eruption demonstrated the negative effect on the tourism industry. Conventions, meetings, and social
gatherings were canceled or postponed in cities and resorts throughout Oregon in areas not initially
affected by the eruption. Columbia River shipping traffic was disrupted by mudflows that deposited
more than 65 million cubic yards of sediment along the river bottom, reducing the depth of the
navigational channel from 39 feet to less than 13 feet (USGS, 1997b). However, the eruption did lead to
the creation of a thriving tourist industry for decades following the event.

The disruption of regional activity is further demonstrated by the 2010 eruption of Iceland's
Eyjafjallajokull volcano, which led to European air travel being halted for several days. The movement
of goods via major highways can also be halted due to tephra in the air. The Mount St. Helens event in
May 1980 cost trade and commerce an estimated $50 million in only two days, as ships were unable to
navigate the Columbia River. Clouds of ash often cause electrical storms that start fires, and damp ash
can short-circuit electrical systems and disrupt radio communication. Volcanic activity can also lead to
the closure of nearby recreation areas as a safety precaution long before the activity ever culminates in
an eruption. Lloyd’s City Risk Index estimates that a volcanic eruption from a nearby source could
cause as much as $720 million of lost gross domestic product annually.

12.6 FUTURE TRENDS IN DEVELOPMENT
12.6.1 Lahar

Lahar zones are not identified as natural hazard areas under the Oregon Statewide Planning Goals or
in the City's Comprehensive Plan. There are no known higher regulatory standards for development in
these areas. The lahar inundation areas within the City are quite small (estimated to be less than 530
acres) and the likelihood of an eruption of the magnitude required to produce such lahars is quite low.
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Future land use designations in the volcano distal hazard area in East Portland include:

= 66.0 percent Employment and Industnal
« 293 percent Open Space
* 4.7 percent Single-Dwelling Residential.

12.6.2 Tephra

All future development in Portland will be susceptible to the potential impacts from volcanic eruptions
causing ash fall within the region. While this potential impact on the built environment is not considered
to be significant, the economic impact on industries that rely on machinery and equipment such as
agriculture or civil engineering projects could be significant. Since the extent and location of this hazard
is difficult to gauge because it is dependent upon many variables, the ability to institute land use
recommendations based on potential impacts of this hazard is limited. While the impacts of tephra are
sufficient to warrant risk assessment for emergency management purposes, they are not sufficient to
dictate land use decisions.

12.7 SCENARIO
12.7.1 Lahar

In the event of a volcanic eruption in Portland, there would probably not be any loss of life, due to
adequate warmnings. However, there could be great loss of property, especially in lahar inundation
areas. The potential halting of Columbia River shipping traffic could severely impact the City of
Portland’s economy. There would also be the possibility of severe environmental impacts due to lahar
flows in area rivers and streams.

12.7.2 Tephra

A large area could be affected by tephra accumulation. The most severe impacts would be on the
environment. Any eruption of Mt. Hood would likely produce significant amounts of tephra in Portland.
This impact is totally dependent upon the prevailing wind direction during and after the event. No one in
Portland would likely be injured or killed by tephra, but businesses and non-essential government would
be closed until the cloud passes. People and animals without shelter would be affected. Structures
would be safe, but private property left out in the open might be damaged by the fine ash dust. Clean-
up from such an event could be costly, depending upon the magnitude of the event.

12.8 ISSUES

Since volcanic episodes have been fairly predictable in the recent past, there is probably not much
concern about loss of life, but there is concern about loss of property, infrastructure and severe
environmental impacts.

All of Portland may be exposed to a tephra event.
The East Portland risk reporting area is exposed to lahar hazards from a large magnitude event
at Mount Hood.

= 25 people are estimated to reside in areas that may be impacted by lahar hazards.

» 43 buildings at an estimated replacement value of $480 million are exposed to the hazard. This
represents about 1.9 percent of the risk reporting area and less than 1 percent of the total value
of Portland.
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Buildings exposed are predominately commercial (24). There are also 7 residential, 7 industrial,
and 5 educational buildings exposed.

Residents who are 65 years or ago or older may be disproportionately exposed to the lahar
hazard (24 percent).

There are 91 critical facilities and critical infrastructure facilities located in the volcano hazard
area.

Tephra from volcanic eruptions can cause significant damage to heating and air conditioning
systems and combustion systems.

Tephra could cause turbidity and water quality issues in the Bull Run watershed.

Tephra increases in weight significantly when wet and cleanup efforts can be extremely
challenging.

Lahars and mudflows could deposit large amounts of sediment into the Columbia River,
significantly affecting shipping traffic and the local economy.

Researchers continue to develop methods to predict volcanic eruptions accurately. Indications
that an eruption may be imminent include swarms of small earthquakes as the magma rises up
through the volcano, increases in gas emissions, and physical swelling or deformation of
mountain slopes. Although warning time should be sufficient to prevent loss of life, the advent of
these signs and the beginning of eruptive activity may be short.

A regional Mount Hood Coordination plan has been developed to coordinate and plan for
response activities in the event of an eruption. This plan should continue to be updated.

12-20
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13. DAM FAILURE

13.1 GENERAL BACKGROUND

13.1.1 Causes of Dam Failure

Dam failures in the United States typically occur in one
of four ways:

* Overtopping of the primary dam structure, which
accounts for 34 percent of all dam failures, can
occur due to inadequate spillway design,
settlement of the dam crest, blockage of
spillways, and other factors.

» Foundation defects due to differential settlement
slides, slope instability, uplift pressures, and
foundation seepage can also cause dam failure.
These account for 30 percent of all dam failures.

* Failure due to piping and seepage accounts for
20 percent of all failures. These are caused by
internal erosion, erosion along hydraulic
structures such as spillways, erosion due to
animal burrows, and cracks in the dam structure.

* Failure due to problems with conduits and
valves, typically caused by the piping of
embankment matenal into conduits through
joints or cracks, constitutes 10 percent of all
failures.

The remaining 6 percent of U.S. dam failures are due to
miscellaneous causes. Many dam failures in the United
States have been secondary results of other disasters.
The prominent causes are earthquakes, landslides,
extreme storms, massive snowmelt, equipment
malfunction, structural damage, foundation failures, and
sabotage (ASDSQO, 2016).

Poor construction, lack of maintenance and repair, and

37242

DEFINITIONS

Dam—A hydraulic structure built above the
natural ground grade line that is used to
impound water. Dams include all appurtenant
structures, and together are sometimes
referred to as “the works.” Dams include
wastewater lagoons and other hydraulic
structures that store water, atienuate floods,
and divert water into canals (Oregon
Administrative Rule, 2015)

Dam Failure—An uncontrolled release of
impounded water due to structural deficiencies
in dam.

Emergency Action Plan—A formal document
that identifies potential emergency conditions
at a dam and specifies actions to be followed
to minimize property damage and loss of life.
The plan specifies actions the dam owner
should take to alleviate problems at a dam. It
contains procedures and information to assist
the dam owner in issuing early warning and
notification messages to responsible
downstream emergency management
authorities of the emergency situation. It also
contains inundation maps to show emergency
management authorities the critical areas for
action in case of an emergency. (FEMA 64)

High Hazard Dam—Dams where failure or
improper operation will probably cause loss of
human life. (FEMA 333)

Significant Hazard Dam—Dams where failure
or improper operation will result in no probable
loss of human life but can cause economic
loss, environmental damage or disruption of
lifeline facilities, or can impact other concemns.
Significant hazard dams are often located in
rural or agriculiural areas but could be located
in areas with population and significant
infrastructure. (FEMA 333)

deficient operational procedures are preventable or correctable by a program of reqular inspections.

Terrorism and vandalism are serious concerns that all operators of public facilities must plan for; these
threats are under continuous review by public safety agencies.
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13.1.2 Regulatory Oversight

The dam failure risk assessment and mitigation strategies developed for this plan focus on impacts on
people and property once a dam failure has occurred. The focus is not on dam operations to prevent
dam failures from occurring, although a brief synopsis of requlatory programs impacting dam operations
is included for reference.

National Dam Safety Act

The potential for catastrophic flooding due to dam failures led to passage of the National Dam Safety
Act (Public Law 92-367). The National Dam Safety Program (NDSF) requires a periodic engineering
analysis of every major dam in the country. The goal of this FEMA-monitored effort is to identify and
mitigate the risk of dam failure so as to protect the lives and property of the public. The NDSP is a
partnership between states, federal agencies, and other stakeholders that encourages individual and
community responsibility for dam safety. State assistance funds have allowed participating states to
improve their programs through increased inspections, emergency action planning, and the purchase of
needed equipment. FEMA has also expanded existing and initiated new training programs. Grant
assistance from FEMA provides support for improvement of dam safety programs that regulate most of
the dams in the United States.

Oregon Dam Safety Guidelines

The Dam Safety Program of Oregon’s Water Resources Department monitors dams at the state level.
Reservoir storage permits are required for dams that are 10 feet or over in height and store at least
9.2 acre-feet of water (Oregon Water Resources Department, 2016b). The Department reviews design
and specifications for dam construction and modification, conducts routine inspections and takes
enforcement actions on dams that do not ensure the safety of life and property. Routine inspections for
dams are conducted based on the hazard classification of the dam and range from annual inspections
for high hazard dams to every six years for low hazard dams. (Oregon Administrative Rule, 2015).

U.S. Army Corps of Engineers Dam Safety Program

The U.5. Army Corps of Engineers is responsible for safety inspections of some federal and non-
federal dams in the United States that meet the size and storage limitations specified in the National
Dam Safety Act. The Corps has inventoried dams; surveyed each state and federal agency's
capabilities, practices, and regulations regarding design, construction, operation and maintenance of
the dams; and developed guidelines for inspection and evaluation of dam safety (U.5. Army Corps of
Engineers, 2011).

Federal Energy Regulatory Commission Dam Safety Program

The Federal Energy Regulatory Commission (FER.C) cooperates with a large number of federal and
state agencies to ensure and promote dam safety. More than 3,000 dams are part of regulated
hydroelectric projects in the FERC program. Two-thirds of these are more than 50 years old. As dams
age, concern about their safety and integrity grows, so oversight and regular inspection are important.
FERC inspects hydroelectric projects on an unscheduled basis to investigate the following:

» Potential dam safety problems

« Complaints about constructing and operating a project

« Safety concemns related to natural disasters

* Issues concerning compliance with the terms and conditions of a license.
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Every five years, an independent FERC-approved engineer must inspect and evaluate projects with
dams higher than 32_8 feet (10 meters), or with a total storage capacity of more than 2,000 acre-feet.

FERC monitors and evaluates seismic research and applies it in structural analyses of hydroelectric
projects. FERC also evaluates the effects of potential and actual large floods on the safety of dams.
During and following floods, FERC visits dams and licensed projects, determines the extent of damage,
if any, and directs any necessary studies or remedial measures the licensee must undertake. The
FERC publication Engineering Guidelines for the Evaluation of Hydropower Projects guides the FERC
engineering staff and licensees in evaluating dam safety. The publication is frequently revised to reflect
current information and methodologies.

FERC requires licensees to prepare emergency action plans and conducts training sessions on how to
develop and test these plans. The plans outline an early warning system if there is an actual or
potential sudden release of water from a dam due to failure. The plans include operational procedures
that may be used, such as reducing reservoir levels and reducing downstream flows, as well as
procedures for notifying affected residents and agencies responsible for emergency management.
These plans are frequently updated and tested to ensure that everyone knows what to do in emergency
situations (FERC, 2005).

13.2 HAZARD PROFILE
13.2.1 Past Events

Dam failures can occur suddenly and without warning. They may occur during normal operating
conditions or during a large storm event. Significant rainfall can quickly inundate an area and cause
floodwaters to overwhelm a reservoir. If the spillway of the dam cannot safely pass the resulting flows,
water will begin flowing in areas not designed for such flows, and a failure may occur.

According to the Association of State Dam Safety Officials, there have been no recorded dam incidents
in or near the City of Portland (ASDS0O, 2016). Between 1953 and 2015, FEMA has not declared any
major disasters or emergencies from dam failure events in Portland. The Oregon Natural Hazard
Mitigation Plan notes that a major dam failure occurred near Hermiston in Umatilla County in 2005 and
in Klamath Lake in 2006 {Oregon Department of Land Conservation and Development, 2015).

13.2.2 Location

There are seven dams located in Portland, three in the Bull Run Watershed, and one located upstream
of the City on the Columbia River. The single dam on the main-stem of the Willamette River is a natural
weir-type dam with hydroelectric generation, located at Willamette Falls, 10 miles upriver from
downtown Portland. It also has a system of navigation locks, which are out of service as of 2011. The
dam, owned by Portland General Electric (PGE), is a run-of-river dam and does not provide usable
water storage or flood control (LIHI, 2016). There are also dams on tnbutaries of the Willamette that
could impact Portland, but any such impacts would be expected to be minor. A review of the inundation
mapping for these dams indicates that a failure of any of the dams located in the Bull Run Watershed
would not be expected to impact the City of Portland. Impacts for the City of Portland from the
Bonneville Dam on the Columbia River are not clearly understood at this time.

Information on dams located in or near Portland is listed in Table 13-1. Four are inspected by federal
agencies, and the remainder are under the jurisdiction of the state.
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Table 13-1. Dams in Portland

National ID
#

Bonneville Dam¢ ORD001 Columbia 110.0 277,000 | 4/3/2008 (Federal) High
Bull Run Lake Damb OR00300 Bull Run River 55.0 14500  4/28M9935 (Federal) Low
Bull Run Dam 1 (upper)b OR00327 Bull Run River 194.0 33,760 61212012 (Federal) High
Bull Run Dam 2 (lower)? OR00317 Bull Run River 125 21000  6M22012 (Federal) High
Mt. Tabor Reservoir £12 OR00667 = Bull Run River (off-stream) 30 7 111212015 High
Mi. Tabor Reservoir #52 OR00670  Bull Run River (off-stream) 5 5] 153 111212015 High
Mi. Tabor Reservoir #62 OR00671 = Bull Run River (off-stream) 28 230 111212015 High
Washington Park Reservoir #2 OR00668  Bull Run River (off-stream) 53 50 111212015 High
Washington Park Reservoir #43  OR00669 | Bull Run River (off-stream) 60 o 111212015 High
Portland International Airport OR03822 NIA 20 67 031572011 Low
De-icing Lagoon?

Smith-Bybee Lakes? OR00680D Columbia Slough 14 4,100 BI2512010 Low
Willamette Fallsc OR005%6 Willamette River 37 17,000 Br2812012 High

a. Located in Poriland.

b. Located in Bull Run Watershed

c. Located upstream of the City.

Source:  Oregon Water Resources Department Dam Inventory Query, 2016a and U.5. Army Corps National Inventory of Dams, 2016

13.2.3 Frequency

Dam failure events are infrequent and usually coincide with events that cause them, such as
earthquakes, landslides and excessive rainfall and snowmelt; however, dam failures can occur at any
time. There is a residual nsk associated with dams. Residual risk is the risk that remains after
safeguards have been implemented. For dams, the residual risk is associated with events beyond
those that the facility was designed to withstand. However, the probability of any type of dam failure is
low in today's requlatory and dam safety oversight environment.

13.2.4 Severity

Dam failure can be catastrophic to all life and property downstream. The Oregon Dam Safety Program
classifies dams and reservoirs in a three-tier hazard rating system primarily using the results of dam
breach analyses. Dams are classified as high, medium or low based on the following criteria (Oregon
Administrative Code, 2015):

a) An inundation depth of flowing water of at least two feet over the finished floors of dwellings,
other frequently occupied buildings, or road surfaces where a vehicle is likely to be present
establishes a “high hazard” rating.

b) Any inundation depth of water over the floorboards of structural buildings establishes a
“significant hazard” rating.

c) For other roads and vulnerable utilities, an inundation depth of two feet or evidence of depth and
velocity capable of creating damage establishes a “significant hazard” rating.

d) Wherever heavy recreational or other frequent use occurs downstream a “high hazard” rating
shall be established to prevent probable loss of life. Such designation shall not depend on the
presence of downstream infrastructure
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e) For water depths close to those listed in the subsections (a) and (c), the Department may also
consider water velocity in its determination of hazard rating.

The U.5. Army Corps of Engineers developed the classification system shown in Table 13-2 for the
hazard potential of dam failures. The Oregon and Corps of Engineers hazard rating systems are both
based only on the potential consequences of a dam failure; neither system takes into account the
probability of such failures.

Table 13-2. Corps of Engineers Hazard Potential Classification

Environmental
Direct Loss of LifeP Lifeline Lossest Lossese

Low Mone (rural location, no permanent Mo disruption of services Private agricultural lands, | Minimal incremental

structures for human habitation) (cosmetic or rapidly equipment, and isolated  damage
repairable damage) buildings

Significant Rural location, only fransient or day- Disruption of essential Maijor public and private  Major mitigation required
use facilities facilities and access facilities

High Certain (one or more) extensive Disruption of essential Extensive public and Extensive mitigation cost
residential, commercial, or indusfrial  facilities and access private facilities or impossible to mitigate
development

a. Categories are assigned to overall projects, not individual structures at a project

b. Loss of life potential based on inundation mapping of area downstream of the project. Analyses of loss of life potential should take into
account the population at risk, fime of flood wave fravel, and waming time.

c. Indirect threats fo life caused by the interruption of lifeline services due to project failure or operational disruption; for example, loss of
crifical medical faciliies or access fo them.

d. Damage to project faciliies and downsfream property and indirect impact due to loss of project services, such as impact due to loss of
a dam and navigation pool, or impact due to loss of water or power supply.

e.  Environmental impact downstream caused by the incremental flood wave produced by the project failure, beyond what would normally
be expected for the magnitude flood event under which the failure ocours.

Source: [1.5. Army Coips of Engineers, 1995

13.2.5 Warning Time

Warning time for dam failure varies depending on the cause of the failure. In events of extreme
precipitation or massive snowmelt, evacuations can be planned with sufficient time. In the event of a
structural failure due to earthquake, there may be no warning time. A dam’s structural type also affects
warning time. Earthen dams do not tend to fail completely or instantanecusly. Once a breach is
initiated, discharging water erodes the breach until either the reservoir water is depleted or the breach
resists further erosion. Concrete gravity dams also tend to have a partial breach as one or more
monolith sections are forced apart by escaping water. The time of breach formation ranges from a few
minutes to a few hours (U.5. Army Corps of Engineers, 1997).

The City of Portland has established protocols for flood warning and response to imminent dam failure
in the flood warning portion of its adopted emergency operations plan. These protocols are tied to the
emergency action plans created by the dam owners.
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13.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

13.3.1 Overview

Dam failure can cause severe downstream flooding, depending on the magnitude of the failure. Other
potential secondary hazards of dam failure are landslides around the reservoir penmeter, bank erosion
on the rivers, and destruction of downstream habitat.

13.3.2 Climate Change

Dams are designed partly based on assumptions about a river's hydrograph. If changes in weather
patterns have significant effects on hydrographs, the dam can lose some or all of its designed margin of
safety, also known as freeboard. If freeboard is reduced, dam operators may be forced to release
increased volumes earlier in a storm cycle in order to maintain required margins of safety. Such early
releases can increase flood potential downstream. The dams assessed in this risk assessment are off-
stream dams meaning that they are not located on a river course. This means that they are not as likely
to experience changes in operations resulting from changes in the region’s hydrograph.

13.4 EXPOSURE

The flood module of Hazus-MH was used for a Level 2 assessment of dam failure. Hazus-MH uses
census data at the block level, which has a level of accuracy acceptable for planning purposes. Where
possible, the Hazus-MH data was enhanced for this risk assessment using GIS data from local, state
and federal sources. The exposure and vulnerability estimates provided below are based on failure
events of Mount Tabor Reservoirs 1, 5, and 6, and Washington Park Reservoirs 3 and 4. Inundation
maps and depth grids were prepared for this analysis, but are not included in the publicly available
version of this plan due to security concerns. It should be noted that the inundation events used for this
analysis were conducted before the recent plans to improve the Washington Park Reservoir and to
decommission and make adjustments to the Mt. Tabor reservoirs. Risk and vulnerability to this hazard
should be reassessed when improvements, adjustments and decommissioning activities are complete.

13.4.1 Population

All populations in an inundation zone would be exposed to the risk of a dam failure. The potential for
loss of life is affected by the capacity and number of evacuation routes available to populations in areas
of potential inundation as well as the amount of waming time before the event. The estimated
population living in the mapped inundation areas in Portland is 15,277 or 2.5 percent of the city's
population; however, there is some overlap between the Mount Tabor inundation areas, so total
exposure of those residing in these areas may be overestimated. Table 13-3 summarizes the at-risk
population in Portland by risk reporting area. Population exposure is concentrated in the Southeast
area for the Mount Tabor reservoirs and in the Central City for the Washington Park reservoirs.
Population exposure may increase depending on the time of day and whether or not residents are at
home, work, school or commuting. Both Mount Tabor and Washington Park are used heavily by
residents and tourists for recreation, so they may have significantly higher populations during pleasant
weather conditions.

Table 13-4 shows the estimated percent of the population believed to be residing in mapped inundation
areas for our social vulnerability indicators. Based on these estimates, a disproportionate number of
limited English speaking households may be exposed to the Mount Tabor reservoir 1 inundation area,
while a disproportionate number of renters and families living in poverty may be exposed to Washington
Park inundation areas.
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Table 13-3. Population within Dam Failure Areas
| Mount Tabor Reservoir 1 | Mount Tabor Reservoirs 5 and 6 | Washington Park Reservoirs 3 and 4

% of Total Population % of Total

Airport 0 0.0% 0 0.0% 0 0.0%
Central City 0 0.0% 0b 0.0%5 621 1.6%
Central Northeast 0 0.0% 0 0.0% 0 0.0%
East Portland 0 0.0% 0 0.0% 0 0.0%
Morth Portland 0 0.0% 0 0.0% 0 0.0%
Mortheast 0 0.0% 0 0.0% 0 0.0%
Southeast 2179 1.4% 12477 81% 0 0.0%
Southwest 0 0.0% 0 0.0% 0b 0.0% b
West/Northwest 0 0.0% 0 0.0% 0b 0.0% b
Total 2,179 4% 12,477 2.0% 621 0.1%

a. Represents the percent of residential buildings that are exposed multiplied by the estimated 2010-2014 Amencan Community Survey

S-year estimates.

b. It should be noted that there are structures exposed to the inundation areas; however, no structures are believed to be residential.

Table 13-4. Social Vulnerability Indicators Residing in Inundation Areasa. b,

Percent of Percent of Percent of Percent of Limited
People of | Renter occupied | Families Below English Speaking
Color Housing Poverty Level Households
Mt Tabor Reservoir 1 Inundation Scenario
Southeast 11.6% 9.4% 12 5% 45 4% 10.3% 56%
Mt Tabor Reservoirs 5 and & Inundation Scenario
Southeast 15.4% 9.0% 12 5% 37.5% 6.5% 2 5%
Washington Park Reservoirs 3 and 4 Inundation Scenario
Central City 2 1% 4 6% 19.3% 90.3% 27 1% 1.7%

a. Values based on an analysis of 2010-2014 Amencan Community Survey 5-year esfimates at the Census block group level.

b. Values calculated using block group stafistics weighted by the number of residential structures in the hazard area as a percentage of
the total residential structures in the block group.

c. Values in red indicate percentages are at least 2 percent greater than the Citywide average (see Section 4.7).

13.4.2 Property

Table 13-5 summarnizes the value of Portland buildings in the mapped inundation areas. Less than 2
percent of the total replacement value of Portland is exposed to the dam failure hazard. Table 13-6 lists
the structure type of buildings in the inundation areas. In the Mount Tabor inundation areas residential
properties comprise much of the exposure. A majonty of the structures impacted by the Washington
Park Reservoirs are believed to be for commercial uses.
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Table 13-5. Exposure and Value of Structures in Dam Failure Inundation Areas

as % of Area Total | as % of City Total

Structure Contents
Mt Tabor Reservoir 1 Inundation Scenario
Southeast $291,832 348 $175,797 200 = $467,629 548 1.5% 0.3%
Mt Tabor Reservoirs 5 and 6 Inundation Scenario
Central City $12.883.014 $12 739 561 $25,622 575 0.1% -
Southeast $1,406,503,787 $870,603 853  $2 277 107 640 7.5% -
Toial $1.419 386,801 $883343414 $2302730215 - 1.3%
Washington Park Reservoirs 3 and 4 Inundation Scenario
Central Gity $685,429 547 $58,155,084 $143 584 631 0.5% -
Southwest $334,390 $334,390 $668, 780 0.0% -
WestMNorthwest $3,706,933 $3,706,933 $7.413 865 0.1% -
Toial $89.470.870 562196406 @ $151,667.276 - 0.1%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data imitations.

Table 13-6. Area and Number of Structures in the Inundation Areas

| Inundation Area

MNumber of Structures in the Inundation Areas@

Commercial |  Industrial Govemment | Education

Reporiing Area Residential
Mt Tabor Reservoir 1 Inundation Scenario

Southeast 1798 7 12 0 1 0 9 739
Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central Gity BT 0 9 0 0 3 0 12
Southeast 807 1 4106 187 0 15 3 7 4 318
Toial 8451 4106 196 0 15 (] 7 4,330
Washington Park Reservoirs 3 and 4 inundation Scenario

Central Gity 344 14 21 5 0 0 0 40
Southwest 30 0 0 0 0 1 0 1
West/Northwest 54 0 11 0 0 0 0 11
Toial 427 4 32 5 () 7 ()

a. Values based off of City of Portland building inventory data received October 2015.

13.4.3 Critical Facilities

GIS analysis determined that there are cntical facilities in the mapped inundation area as listed in
Table 13-7 through Table 13-9.

13.4.4 Environment

In general, reservoirs held behind dams affect many ecological aspects of a river. River topography and
dynamics depend on a wide range of flows, but rivers below dams often experience long periods of
very stable flow conditions or saw-tooth flow patterns caused by releases followed by no releases.
Water releases from dams usually contain very little suspended sediment; this can lead to scouring of
river beds and banks. The dam failure inundation scenarios assessed for this assessment are located
off-stream, so significant impacts on river ecosystems would not be expected. The environment would
still be exposed to a number of risks in the event of dam failure.
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Table 13-7. Critical Facilities in Inundation Areas
Number of Critical Facilities in the Inundation Areasb

Mt Tabor Reservoir 1 Inundation Scenario

Southeast 0 0 1 1 2
Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central City 0 1 0 0 1
Southeast 2 0 4 2 8
Tolal 2 7 2

Washington Park Reservoirs 3 and 4 Inundation Scenario

Central City 0 0 0 0 0
Southwest 0 0 0 0 0
West/Morthwest 0 0 0 0 0
Tolal [ [ [ [ [

a. Includes one hazardous material containing facility.
b. See Table 6-1 for a description of the faciliies included in each category.

Table 13-8. Critical Infrastructure in Inundation Areas
Number of Critical Infrastructure Facilities in the Inundation Areas?

Utility Systems
Communications Power Potable Watera Wastewater Total

Mt Tabor Reservoir 1 Inundation Scenario

Southeast 0 0 0 0 0 0
Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central City 0 0 1 0 1 2
Southeast 0 0 2 1 3
Tolal [ [ 7 7 5
Washington Park Reservoirs 3 and 4 Inundation Scenario

Central Gity 0 0 0 0 0 0
Southwest 0 0 0 0 0 0
West/Morthwest 0 0 0 3 0 3
Tolal [ [ [ ) [ )

a. In addition to the facilities outlined above, there are several potable water faciliies exposed to dam failure inundation areas in the Bull
Run Watershed. The mapped inundation areas for these dams are not expected to have impacts within the city boundarnies.
b. See Table 6-1 for a description of the facilities included in each category.
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Table 13-8. Linear Critical Facilities in Inundation Areas
Facilities in Inundation Area

Mount Tabor Reservoir 1 Mount Tabor Reservoirs 5 and 6 Mount Tabor Reservoirs 3 and 4
Utility Systems
Power Lines 043 miles, 0.1% of citywide total 2.39 miles, 0.5% of citywide total 4 69 miles, 1.0% of citywide fotal
Gas Lines 0.36 miles, 0.4% of citywide total no exposure 1.58 miles or 1.9% of citywide total
Transportation Systems
Railroads Mo exposure no exposure 1.19 miles, 0.3% of citywide total
Light Rail Mo exposure 0.63 miles or 1.2% of the citywide system 0.76 miles, 1.4% of citywide total
Major Roads SE Powell Bivd, SE CesarE SE Powell Bivd, SE Cesar E Chavez SW Jefferson St

Chavez Bivd, SE Division St Blvd, SE Division St, SE Water Ave, SE
Milwaukie Ave, SE Hawthorne Blvd

Highways Highways in Portland may be exposed to the dam inundation hazard, but they are likely fo be elevated above potential
inundation areas

13.5 VULNERABILITY
13.5.1 Population

Vulnerable populations are all populations downstream from dam failures that are unlikely to escape
the area within the allowable time frame. This includes the elderly, young or others with access and
functional needs, who may be unable to get themselves out of the inundation area. Vulnerable
populations also include those who would not have adequate warning from a cell phone, television or
radio emergency warning system or are unable to understand wamings provided due to language
barriers or other disabilities. It likely that many households living in the inundation areas are not aware
that they reside in such areas, renters may be less likely to be so informed.

Estimates for the number of people who would be displaced and require short-term shelter were
estimated for dam failure events through the Level 2 Hazus-MH analysis. Table 13-10 summarizes the

results.

Table 13-10. Estimated Dam Failure Impact on Persons and Households
Displaced Population@ Persons Requiring Short-Tem Sheltera

% of Population % of Population

Mt Tabor Reservoir 1 Inundation Scenario

Southeast 924 06% 754 0.5%

Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central Gity 0 0% 0 0%
Southeast 7662 5.0% 2983 19%
Toial f 662 1.2% 2,983 0.5%
Washington Park Reservoirs 3 and 4 Inundation Scenario

Central Gity 285 0.8% 275 0.7%
Southwest 0 0% 0 0%
WestNorthwest 0 0% 0 0%

Tolal 285 Less than 0.1% 275 Less than 0.1%

a. Calculated using a Census block level, general building stock analysis in Hazus 2.2, and adjusted to reflect the estimated populaftion.
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13.5.2 Property

Vulnerable properties are those closest to the inundation areas. These properties would experience the
largest, most destructive surge of water. Low-lying areas are also vulnerable since they are where the
reservoir waters would collect.

A failure of the Mount Tabor Reservoirs 5 and 6 would be expected to lead to the most significant
damage, with 2,990 structures impacted, resulting in more than $644 million in expected losses (about
0.4 percent of the total replacement value of Portland). Table 13-11 shows loss estimates for each
scenario.

Table 13-11. L oss Estimates for Dam Failure

MNumber of Estimated Loss as % of Replacement
Structures Estimated Loss Value

impacted

Mt Tabor Reservoir 1 Inundation Scenario

Southeast ar2 $59 444 985 $359689 157  $95434 142 0.3% 0.1%

Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central Gity 7 $43 999 $320 561 $364 561 Less than 0.1% -
Southeast 2,963 $347 569555 | $296,128894 3643 698 449 2.1% -

Toial 2990 $347613.554 8296 449 455 5644063009 - 0.4%
Washington Park Reservoirs 3 and 4 inundation Scenario

Central Gity 35 $27 788 472 $31964 599  $59.753072 0.2% -
Southwest 1 $317 670 $334,390 $652 060 Less than 0.1% -
WestNorthwest 8 $2 240,150 $3.400792 @ $5640942 Lessthan0.1% —

Toial 44 530346293 $35,699 782 $66,0M6.074 - Less than 0. 1%

Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.

Table 13-12 shows the number of buildings in each hazard area that are believed to have active flood
insurance policies. Flood insurance uptake in these areas is quite low with approximately 10 active
policies in all three inundation areas combined.

Table 13-12. Percent of Buildings in Dam Inundation Areas with Flood Insurance
Total Buildings in Buildings with Flood % of Buildings with Flood

Inundation Area Insurance Insurance

Mt Tabor Reservoir 1 Inundation Scenario

Southeast 739 1 0.1%
Mt Tabor Reservoirs 5 and 6 Inundation Scenario

Central City 12 1 8.3%
Southeast 4318 8 0.2%
Total 4330 g 0.2%
Washington Park Reservoirs 3 and 4 inundation Scenario

Central City 40 ] 0.0%
Southwest 1 ] 0.0%
WestNorthwest 1 0 0.0%
Tolal (1] 00%
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13.5.3 Critical Facilities

Estimated damage to cnitical facilities and infrastructure in the dam inundation areas is summarized in
Table 13-13 through Table 13-15.

Transportation routes are vulnerable to dam inundation and have the potential to be wiped out, creating
isolation issues. This includes all roads and railroads in the path of the dam inundation. Those that are
most vulnerable are those that are already in poor condition and would not be able to withstand a large
water surge. Utilities such as overhead power lines, cable and phone lines could also be vulnerable.
Loss of these utilities could create additional isolation issues for the inundation areas. Facilities
containing hazardous materials or the containers used to store them could be damaged during a dam
failure event resulting in material releases that could be harmful to people, property and environment in
the area.

Table 13-13. Estimated Critical Facilities and Infrastructure Damage—Mount Tabor Reservoir 1 Failure

MNumber of Faciiies Awverage % of Total Value Damaged Days to 100%
: ildi Funclionali

Emergency Services 0 - - —
Schools 1 07 40 480
Transportation Systemns 0 - - —
High Potential Loss Facilifies 0 - - -
Utility Systems

Communications - - - -

Power - - - -

Potatie Water = — - -

Wastewater - - - —
Other Assets 1 0.0 00 —
TotallAverage 2 0.7 4.0 480

Days to 100%
) Funclionali

Emergency Services 2 36 4.1 480
Schools 4 88 375 420
Transportation Systems 0 - - —
High Potential Loss Facilities 1 0.0 - -
Utility Systems

Communications 0 - - -

Power 3 013 - -

Potable Water 1 _ _ _

Wastewater 1 - - —
Other Assets 2 - - —
TotallAverage 14 3.1 20.8 450
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Table 13-15. Estimated Critical Facilities and Infrastructure Damage—Washington Park Reservoir 3 and 4 Failure
MNumber of Facliies Average % of Total Value Damaged Days to 100%

Funciional
Emergency Services
Schools
Transportation Systemns
High Potential Loss Faciliies
Utility Systems
Communications
Power
Potatie Water
Wastewater
Other Assets

Tm

13.5.4 Environment

The extent of the vulnerability of the environment is the same as the exposure of the environment. As
with any significant natural hazard event, large of amounts of debris generated from the damaged
buildings and infrastructure could have significant environmental impacts. These impacts were
estimated for the dam failure event through the Level 2 Hazus-MH analysis. Table 13-16 summarizes
the results.

WO O W o O
|
|
|

In addition, habitat of plants and animals would be detimentally effected by the surge of water resulting
from the failure. Hazardous materials could be released into the environment during the inundation.
This release could have both immediate and long-term impacts to the natural environment as well as
human health and safety.

Table 13-16. Estimated Dam Failure-Caused Debris

Debris to Be Removed (tons) 2 Estimated Number of Truckloads?
Mt Tabor Reservoir 1 Inundation Scenario
Southeast 12,122 485
Mt Tabor Reservoirs 5 and 6 Inundation Scenario
Central Gity 1 0
Southeast 59,740 2,390
Toial 59 7471 2390
Washington Park Reservoirs 3 and 4 Inundation Scenario
Central Gity 3,781 151
Southwest 267 11
WestNorthwest 8 1
Toial 4056 162

a. Debns generation estimates were calculated using a census block level, general building stock analysis in Hazus 2.2
b. Hazus-MH assumes 25 tonsftrucks
Mote: Values shown are accurate only for comparison among results in this plan. See Section 6.8 for a discussion of data limitafions.
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13.5.5 Economic Impact

In general, dam failure presents the potential for significant disruption, including loss of life, massive
property damage, and other long-term consequences. All of these are likely to impact the local
economy, directly and indirectly. Economic losses can include the cost to rebuild structures and
properties, the cost of response, and recovery, and long-term costs to repair environmental damage. It
can also have a hidden impact, by reducing public morale and confidence, resulting in decreased
spending in local stores and businesses near the event's occurrence. Such indirect and cascading
impacts, however, are difficult to quantify, even though FEMA recognizes their significance and
probability. FEMA provides resources to assist jurisdictions in estimating both direct and indirect
economic conseguences after a dam failure (Homeland Secunty, 2011)

13.6 FUTURE TRENDS IN DEVELOPMENT

Land use in Portland will be directed by the Portland Comprehensive Plan adopted under state law.
The City has established comprehensive policies regarding sound land use in identified flood hazard
areas; however, these policies and related regulations in the local municipal code are unlikely to impact
land use and development decisions in dam inundation areas, because these areas are off stream and
generally unconnected to floodplains.

Table 13-17 shows the future land use designations in the dam inundation areas. The majority of the
land area in both the Mount Tabor 1 and 5 and 6 inundation scenarios is designated as single-family
dwellings, while the dominant use in the Washington park inundation area is commercial.

Table 13-17. Future Land Use Designations in Dam Failure Inundation Areas
Percent of total acres

I Mixed Use &
Reporting Area Acreage [ [ Commerdial
Mt. Tabor Reservoir 1
Southeast 180 58.0% 18.9% 0.0% 0.3% 16.3% 6.6%
Toial 180 58.0% 18.9% 0.0% 0.3% 16.3% 6.6%
Mt. Tabor Reservoirs 5 and 6
Central Gity 38 0.0% 0.0% 0.0% 97 5% 0.0% 2.5%
Southeast 807 68.2% 13.1% 0.0% 24% 13.4% 2.8%
Toial 845 65.2% 12.5% 0.0% 6 7% 128% 28%
Washington Park Reservoirs 3 and 4
Central Gity 34 0.0% 4 9% 80.4% 0.0% 0.0% 14.8%
Southwest 3 40.5% 0.0% 0.0% 0.0% 59.5% 0.0%
WestNorthwest 5 17.7% 06% 0.0% 0.0% 3.0% 18.7%
Toial 43 50% 4.0% 64.7% 0.0% 45% 21.8%

Source: Future land use categories are based on the proposed comprehensive plan designations as of February 2016

13.7 SCENARIO

An earthquake in the region could lead to liquefaction or sliding of soils around a dam. This could occur
without warning during any time of the day. Failure of a high hazard dam in the City would likely result
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in the loss of life, roadways, structures and property and cause severe impacts on the local economy.
While the possibility of failure is low, results of such an event would be devastating.

13.8 ISSUES

The most significant issue associated with dam failure involves the properties and populations in the
inundation zones. Flooding as a result of a dam failure would significantly impact these areas. There is
often limited warning time for dam failure. These events are frequently associated with other natural
hazard events such as earthquakes, landslides or severe weather, which limits their predictability and
compounds the hazard.

The following issues have been identified based on the Mt Tabor Reservoir 1 inundation scenario:

* Immediate impacts will be contained within the Southeast risk reporting area.

* More than 2,100 people are estimated to reside within the inundation areas. Of these, it is
estimated that 924 people will be displaced from their homes after an event and 754 of these
people will seek shelter in public shelters.

 Ofthe 739 buildings exposed, 572 are expected to be impacted by a dam failure event, resulting
in more than $95 4 million in damage. This is less than 1 percent of the total value of the
Southeast risk reporting area and less than 0.1 percent of the total value of Portland.

* The structures exposed to the hazard are predominantly residential (97 percent); however, there
are also 9 structures identified as educational occupancy, 12 commercial structures and 1
religious structure in the exposure area.

* More than 12,120 tons of debris would be expected from the inundation event, which will require
approximately 485 truckloads to remove.

Only 1 building in the inundation area is believed to have flood insurance.
There are 2 critical facilities located in the inundation area.

* Limited English speaking households may disproportionately reside in inundation areas in the

Southeast risk reporting area (6 percent).

The following issues have been identified based on the Mt Tabor Reservoir 5 and 6 inundation
scenario:

* Immediate impacts will be contained within the Central City and Southeast nsk reporting areas.
The vast majority of exposure is in the Southeast (96 percent of inundation area).

« 12 477 people are estimated to reside within the inundation areas. Of these, it is estimated that
7,662 people will be displaced from their homes after an event and 2,983 of these people will
seek shelter in public shelters.

* There are 4,300 buildings estimated to be exposed to the dam inundation area.

* The vast majority of exposed structures in the Southeast reporting area are residential (95
percent).

* More than 59,741 tons of debrs would be expected from the inundation event, which will require
approximately 2,390 truckloads to remove.

= Ofthe 4,106 buildings exposed, 2,990 are expected to be impacted by a dam failure event,
resulting in more than $2.3 billion in damage. This is 1.3 percent of the total value of the
Southeast risk reporting area and less than 0.1 percent of the total value of Portland.

Only 9 buildings in the inundation area are believed to have flood insurance.
There are 14 critical facilities located in the inundation area.
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The following issues have been identified based on the Washington Park Reservoirs 3 and 4 inundation
scenario:

Immediate impacts will be contained predominantly within the Central City and the
West/Northwest risk reporting area. There is one government building exposed in the
Southwest.

621 people are estimated to reside within the inundation areas. Of these, it is estimated that 285
people will be displaced from their homes after an event and 275 of these people will seek
shelter in public shelters.

It is estimated that over 90 percent of the population exposed to the dam failure hazard reside in
renter occupied housing and that more than 27 percent of families in the hazard area have
incomes below the poverty level.

Of the 52 buildings exposed, 44 are expected to be impacted by a dam failure event, resulting in
more than $66 million in damage. This is less than 1 percent of the total value of the risk
reporting areas impacted and less than 0.1 percent of the total value of Portland.

All structures exposed within the West/Northwest area are commercial structures. Structures
exposed in the Central City are mixed: 14 residential, 21 commercial, & industrial.

More than 4,056 tons of debris would be expected from the inundation event, which will require
approximately 162 truckloads to remove. Most debris will be in the Central City.

Mo buildings in the inundation areas are believed to have flood insurance.

There are 3 critical facilities located in the inundation area.

Renters and families with incomes below the federal poverty level may disproportionately reside
in the inundation areas in the Central City risk reporting area (90 percent and 27 percent,
respectively).

The following general issues have been identified:

It is unclear whether dam failure waming and notification strategies will be viable if dam failure
occurs as a result of a significant earthquake that interrupts communication systems.

Those with access and functional needs may not be able to evacuate if warning time for an
event is limited.

There is the potential for available warnings to be missed or misunderstood as a result of
language or other cultural barriers.

Downstream populations are often not aware that they are located in a dam failure inundation
area and do not know the risks associated with probable dam failure.

Balancing the need to address security concemns and the need to inform the public of the risk
associated with dam failure is a challenge for public officials.

The vast majority of structures located in the dam inundation areas do not have flood insurance.

13-16
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14. DROUGHT

14.1 GENERAL BACKGROUND

Most regions experience drought conditions periodically. According
to the National Drought Mitigation Center, drought originates from
a deficiency of precipitation over an extended period of time,
usually a season or more. This results in a shortage of water
needed to support a specific activity, group, or environmental
sector. Drought is the result of a significant decrease in water
supply relative to what is “normal” in a given location. Unlike most
disasters, droughts normally occur slowly but last a long time.
There are four generally accepted operational definitions of
drought (National Drought Mitigation Center, 2006):

* Meteorological drought is an expression of precipitation’s
departure from normal over a period of time. Meteorological
measurements are the first indicators of drought. Definitions
are usually region-specific, and based on an understanding
of regional climate. A definition of drought developed in one
part of the world may not apply to another, given the wide
range of meteorological definitions.

* Agricultural drought occurs when there is not enough soil
moisture to meet the needs of a particular crop at a
particular time. Agricultural drought happens after
meteorological drought but before hydrological drought.

37242

DEFINITIONS

Drought—The cumulative
impacts of several dry years
on water users. It can include
deficiencies in surface and
subsurface water supplies
and generally impacts health,
well-being, and quality of life.

Meteorological Drought—
An abnormally low level of
precipitation over a period of
time.

Agricultural Drought—
When there is not enough soil

moisture to support crop
needs at a particular time.

Hydrological Drought—
Deficiencies in surface and
subsurface water supplies.

Socioeconomic Drought—
Drought impacts on a
population’s health, well-
heing and quality of life.

Agriculture is usually the first economic sector to be affected by drought.

* Hydrological drought refers to deficiencies in surface and subsurface water supplies. It is
measured as stream flow and as lake, reservoir, and groundwater levels. There is a time lag
between lack of rain and less water in streams, rivers, lakes and reservoirs, so hydrological

measurements are not the earliest indicators of drought. After precipitation has been reduced or

deficient over an extended period of time, this shortage is reflected in declining surface and
subsurface water levels. Water supply is controlled not only by precipitation, but also by other
factors, including evaporation (which is increased by higher than normal heat and winds),

transpiration (the use of water by plants), and human use.

* Socioeconomic drought occurs when a physical water shortage starts to affect people,
individually and collectively. Most socioeconomic definitions of drought associate it with the

supply and demand of an economic good.

Defining when drought begins is a function of the impacts on water users, and includes consideration of

the supplies available to local users as well as the stored water available in surface reservoirs or
groundwater basins. Different water agencies have different cnteria for defining drought. Some issue
drought watch or drought warning announcements to their customers. Determinations of regional or
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statewide drought conditions are usually based on a combination of hydrologic and water supply
factors. The State of Oregon has a statutory definition of drought (Oregon Revised Statute §539.710),
described as a potential state emergency when a lack of water resources threatens the availability of
essential services and jeopardizes the peace, health, safety, and welfare of the people of Oregon.

14.2 HAZARD PROFILE

Droughts originate from a deficiency of precipitation resulting from an unusual weather pattemn. If the
weather pattern lasts a short time (a few weeks or a couple months), the drought is considered short-
term. If the weather pattern becomes entrenched and the precipitation deficits last for several months or
years, the drought is considered to be long-term. It is possible for a region to experience a long-term
circulation pattern that produces drought, and to have short-term changes in this long-term pattern that
result in short-term wet spells. Likewise, it is possible for a long-term wet circulation pattern to be
interrupted by short-term weather spells that result in short-term drought. The El Nifio Southern
Oscillation (ENSO), a weather phenomenon that occurs every two to seven years in the Pacific Ocean,
causes ocean currents and winds to shift while generating warmer water temperatures. During an
ENSO phase, the Pacific Northwest can experience hotter winters that reduce snowpack, which leads
to drought the following summer (National Drought Mitigation Center, 2016).

14.2.1 Past Events

In the past century, Oregon has experienced a number of droughts, some of the most severe occurring
in 1976-77, 1992, and 2001-2002. The most recent droughts in the state occurred in 2005 and 2015
(Oregon Department of Land Conservation and Development, 2015 and Oregon Office of Emergency
Management and Oregon Water Resources Department, 2016). NOAA's National Climatic Data Center
does not list any drought events impacting the counties the City of Portland resides in (Multnomah,
Washington and Clackamas) between 1950 and 2015.

Between 1954 and 2015, Oregon experienced one FEMA-declared drought-related emergency (EM-
3039). This was the 1977 event, which has been identified as the worst drought in state history;
however, the counties that the City of Portland resides in were not included in the declaration (FEMA,
2016b). The U.S. Secretary of Agriculture (USDA) is authorized to designate counties as disaster areas
to make emergency loans to agricultural producers suffering losses due to drought. One-half to two-
thirds of the counties in the U.5S. have been designated as drought disaster areas in each of the past
several years. Between 2012 and 2015, Oregon has been included in 307 USDA drought declarations.
Multnomah, Washington and Clackamas counties have been included in seven of these declarations,
all of them in 2015—June 10, 2015; July 22, 2015; August 5, 2015, August 12, 2015, August 19, 2015;
and September 2, 2015, September 23, 2015 (USDA, 20186).

14.2.2 Location

Drought impacts could occur anywhere in Portland. NOAA has developed several indices to measure
drought impacts and severity and to map their extent and locations. Values are reported in these
indices by U.S. Climatological Divisions (NOAA, 2016c). These indices change regularly depending on
local weather patterns and are snapshots of drought impacts at a specific point in time:

= The Palmer Crop Moisture Index measures short-term drought on a weekly scale and is
used to quantify drought’s impacts on agriculture during the growing season. Figure 14-1
shows this index for the week ending July 2, 2016.

* The Palmer £ Index measures short-term drought on a monthly scale. Figure 14-2 shows
this index for June 2015.
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Short Term Meed vs. Available Water in a Shallow Soil Profile
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Figure 14-1. Crop Moisture Index for Week Ending July 2, 2016

Figure 14-2. Palmer Z Index Short-Term Drought Conditions (June 2015)
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* The Palmer Drought Index measures the duration and intensity of long-term drought-
inducing circulation patterns. Long-term drought is cumulative, so the intensity of drought
during a given month is dependent on the current weather patterns plus the cumulative
patterns of previous months. Weather patterns can change quickly from a long-term drought
pattern to a long-term wet pattern, and the Palmer Drought Index can respond fairly rapidly.
Figure 14-3 shows this index for June 2015.

* The hydrological impacts of drought (e.g., reservoir levels, groundwater levels, etc.) take
longer to develop and it takes longer to recover from them. The Palmer Hydrological
Drought Index, another long-term index, was developed to quantify hydrological effects.
The Palmer Hydrological Drought Index responds more slowly to changing conditions than
the Palmer Drought Index. Figure 14-4 shows this index for August 2015.

moderate
drought
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Figure 14-3. Palmer Drought Severity Index (June 2015)
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Figure 14-4. Palmer Hydrological Drought Index Long-Term Hydrologic Conditions (August 2015)

14.2.3 Frequency

Historical drought data for the region indicate there have been 7 significant droughts in the last 66
years. This equates to a drought every 9.4 years on average, or a 10.6 percent chance of a drought in
any given year. However, severe droughts are uncommon in the Portland metropolitan area. Between
1992 and 2014, there were no Governor-declared droughts in the City of Portland or the surrounding
counties (Oregon Department of Land Conservation and Development, 2015).

Drought is a normal, recurrent feature of climate, although many erroneously consider it a rare and
random event. It is a temporary condition and differs from aridity because the latter is restricted to low
rainfall regions and is a permanent feature of climate. It is rare for drought not to occur somewhere in
Morth America each year. Despite impressive achievements in the science of climatology, estimating
drought probability and frequency continues to be difficult. This is because of the many vanables that
contribute to weather behavior, climate change, and the absence of historic information. Climate
change is expected to contribute to increasing drought risk in the future (Department of Land
Conservation and Development, 2015).

14.2.4 Severity

Drought can have a widespread impact on the environment and the economy, although it typically does
not result in loss of life or damage to property, as do other natural disasters. Nationwide, the impacts of
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drought occur primarily in the agriculture, transportation, recreation and tourism, forestry, and energy
sectors. Social and environmental impacts are also significant, although it is difficult to put a precise
cost on these impacts. The National Drought Mitigation Center uses three categories to describe likely
drought impacts:

* Agricultural—Drought threatens crops that rely on natural precipitation.

 Water supply—Drought threatens supplies of water for irmigated crops and for communities.

* Fire hazard—Drought increases the threat of wildfires from dry conditions in forest and
rangelands.

The severity of a drought depends on the degree of moisture deficiency, the duration, and the size and
location of the affected area. The longer the duration of the drought and the larger the area impacted,
the more severe the potential impacts. From 1980 to 2015 there have been 23 drought events in the
United States with losses exceeding $1 billion. Of these 23 events, the State of Oregon was impacted
by 11 (NOAA, 2016a). When measuring the severity of droughts, analysts typically look at economic
impacts. All people could pay more for water if utilities increase their rates due to shortages.
Agricultural impacts can result in loss of work for farm workers and those in related food processing
jobs, as well as Native American Tribes which depend on local fisheries (Oregon Office of Emergency
Management, 2015). Other water- or electricity-dependent industries are commonly forced to shut
down all or a portion of their facilities, resulting in further layoffs. A drought can harm recreational
companies that use water (e.g., swimming pools, water parks, and river rafting companies) as well as
landscape and plant nursery businesses. In Oregon, where hydroelectric power plants generate nearly
over 70 percent of the electricity produced, drought also threatens the supply of electricity, with the
potential to affect the cost of power (U.S. Energy Information Administration, 2016).

Drought generally does not affect groundwater sources as quickly as surface water supplies, but
groundwater supplies generally take longer to recover. Reduced precipitation during a drought means
that groundwater supplies are not replenished at a normal rate. This can lead to a reduction in
groundwater levels and problems such as reduced pumping capacity or wells going dry. Shallow wells
are more susceptible than deep wells. Reduced replenishment of groundwater affects streams. Much of
the flow in streams comes from groundwater, especially during the summer when there is less
precipitation and after snowmelt ends. Reduced groundwater levels mean that even less water will
enter streams when stream flows are lowest.

14.2.5 Warning Time

Scientists at this time do not know how to predict drought more than a month in advance for most
locations. Predicting drought depends on the ability to forecast precipitation and temperature.
Anomalies of precipitation and temperature may last from several months to several decades. How long
they last depends on interactions between the atmosphere and the oceans, soil moisture and land
surface processes, topography, internal dynamics, and the accumulated influence of weather systems
on the global scale.

Because drought conditions in Oregon are often related to deficiencies in snowpack accumulation,
some warning is available through monitoring snowpack accumulation through the winter. The U.S.
Matural Resources Conservation Service's snow survey and water supply forecasting program
conducts snow surveys to develop accurate and reliable water supply forecasts (USDA, 2014). The
system, called SNOTEL (short for Snow Telemetry) provides information for local governments, water
consumers and providers and the general public on snowpack conditions that may impact water
resources in future months. When snowpack levels are below average, communities may make
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changes to their water management programs and practices to reduce impacts from a possible future
drought.

NOAA’s National Integrated Drought Information System (NIDIS) launched a Drought Early Warning
System (DEWS) for the Pacific Northwest in February of 2016. DEWS draws upon new and existing
federal, tnbal, state, local and academic partner networks to make climate and drought science readily
available, easily understandable and usable for decision makers. The system improves stakeholders’
abilities to monitor, forecast, plan for and cope with the impacts of drought (NIDIS, 2016).

14.3 COMPOUNDING FACTORS AND SECONDARY HAZARDS

14.3.1 Overview

The secondary hazard most commonly associated with drought is wildfire. A prolonged lack of
precipitation dries out vegetation, which becomes increasingly susceptible to ignition as the duration of
the drought extends. Millions of board feet of timber have been lost, and in many cases erosion
occurred, which caused serious damage to aquatic life, imgation, and power production by heavy silting
of streams, reservoirs, and rivers.

Drought also is often accompanied by extreme heat, exposing people to the risk of sunstroke, heat
cramps and heat exhaustion. Pets and livestock are also vulnerable to heat-related injuries. Crops can
be vulnerable as well.

Environmental losses are the result of damage to plants, animals, wildlife habitat, and air and water
quality; forest and range fires; degradation of landscape quality; loss of biodiversity; and soil erosion.
Some of the effects are short-term and conditions quickly retum to normal following the end of the
drought. Other environmental effects linger for some time or may even become permanent. Wildlife
habitat, for example, may be degraded through the loss of wetlands, lakes, and vegetation. However,
many species will eventually recover from this temporary aberration. The degradation of landscape
quality, including increased soil erosion, may lead to a more permanent loss of biological productivity.

14.3.2 Climate Change

Global water resources are already experiencing the following stresses without climate change:

 Growing populations

* Increased competition for available water
Poor water quality
Environmental claims
Uncertain reserved water rights
Groundwater overdraft

* Aging urban water infrastructure

With a warmer climate, droughts could become more frequent, more severe, and longer-lasting.
According to the National Climate Assessment, “higher surface temperatures brought about by global
warming increase the potential for drought. Evaporation and the rate at which plants lose moisture
through their leaves both increase with temperature. Unless higher evapotranspiration rates are
matched by increases in precipitation, environments will tend to dry, promoting drought conditions
(Globalchange.gov, 2014).
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Portland’s drinking water supply is a rain-, rather than a snow-fed system. This means that increases in
temperatures may have less of an impact on water supply in Portland than in other areas in the
American west. By addressing current stresses on water supplies and by building a flexible, robust
program, the City will be able to more adeptly respond to changing conditions and to survive dry years.

14.4 EXPOSURE

All people, property and environments in Portland would be exposed to some degree to the impacts of
moderate to extreme drought conditions.

14.5 VULNERABILITY

Drought produces a complex web of impacts that spans many sectors of the economy and reaches well
beyond the area experiencing physical drought. This complexity exists because water is integral to the
ability to produce goods and provide services. Drought can affect a wide range of economic,
environmental and social activities. The vulnerability of an activity to the effects of drought usually
depends on its water demand, how the demand is met, and what water supplies are available to meet
the demand.

The 2016 Drought Annex to the State of Oregon Emergency Operations Plan defines counties as being
vulnerable to drought if a “severe and continuing drought” is in progress or likely to exist. This
determination is made by the Water Supply Availability Committee, which is made up of several state
and federal agencies, and evaluates drought status and vulnerability based on these indicators:

Snowpack
Precipitation
* Temperature Anomalies
Long range temperature outlook
Storage in key reservoirs
Long range precipitation outlook
Current stream flows and behavior
= 5Spring and summer streamflow forecasts
Ocean surface temperature anomalies
* Soil and fuel moisture conditions
* NRCS Surface Water Supply Index.

This information is supplied to the Drought Readiness Council, which is an advisory body of state
agencies involved with natural resources management, public health and emergency services. This
council assesses how drought conditions may affect the vulnerability of various sectors across the state
and makes recommendations to the Govemnor regarding the need for drought declarations (Oregon
Office of Emergency Management and Oregon Water Resources Department, 2016).

The City of Portland and the counties it resides in, Multnomah, Washington and Clackamas, were not
among the 25 counties that were in a state of drought declared by the Governor in 2015, one of the
most recent severe droughts on record. Based on a review of Governor drought declarations since
1992, the City of Portland could be considered less vulnerable to drought impacts than many other
parts of the state (Oregon Department of Land Conservation and Development, 2015).
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14.5.1 Population

The City of Portland has the ability to minimize any impacts on residents and water consumers should
several consecutive dry years occur. The nature of the Bull Run Watershed as a rain-fed source, as
well as a supplemental aquifer-fed water source in the Columbia South Shore Wellfield, ensures that
Portland residents will continue to have sufficient water even during dry years. No significant direct life
or health impacts are anticipated as a result of drought in Portland.

14.5.2 Property

Mo structures will be directly affected by drought conditions, though some structures may become
vulnerable to wildfires, which are more likely following years of drought. Droughts can also have
significant impacts on landscapes, which could cause a financial burden to property owners. However,
these impacts are not considered critical in planning for impacts from the drought hazard.

14.5.3 Critical Facilities

Critical facilities as defined for this plan will continue to be operational during a drought. Critical facility
elements such as landscaping may not be maintained due to limited resources, but the risk to
Portland’s critical facilities inventory will be largely aesthetic. For example, when water conservation
measures are in place, landscaped areas will not be watered and may die. These aesthetic impacts are
not considered significant.

14.5.4 Environment

Environmental losses from drought are associated with damage to plants, animals, wildlife habitat, and
air and water quality; forest and range fires; degradation of landscape quality; loss of biodiversity; and
soil erosion. Some of the effects are short-term and conditions quickly return to normal following the
end of the drought. Other environmental effects linger for some time or may even become permanent.
Wildlife habitat, for example, may be degraded through the loss of wetlands, lakes and vegetation.
However, many species will eventually recover from this temporary aberration. The degradation of
landscape quality, including increased soil erosion, may lead to a more permanent loss of biological
productivity. Although environmental losses are difficult to quantify, growing public awareness and
concern for environmental quality has forced public officials to focus greater attention and resources on
these effects.

14.5.5 Economic Impact

The economic impact of drought is largely associated with industries that use water or depend on water
for their business. For example, landscaping businesses are affected as the demand for their service
significantly declines because landscaping is not being watered. Livestock owners experience
increased expenses for watering their herds. Agricultural industries are impacted if water usage is
restricted for imgation. Drought can lead to a reduction in power-generating capacity in hydroelectric-
dominated systems, such as those found in Oregon. Reductions in capacity can lead to interruptions in
the power supply that may have economic impacts in the region. Lloyd's City Risk Index estimates that
a drought in the City of Portland could cause up to $540 million of lost gross domestic product annually.

14.6 FUTURE TRENDS IN DEVELOPMENT

The City of Portland has an established comprehensive plan that includes policies directing land use
and dealing with issues of water supply and the protection of water resources. The plan works to
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increase resilience and manage risk through a variety of policies including promoting the resilience of
natural systems, including their ability to withstand drought, and through infrastructure investments that
create redundancy in the water supply (City of Portland, 2016). This plan provides the capability at the
local level to protect future development from the impacts of drought. Additionally, the City has
identified an action to continue to address the potential drought related climate change impacts to the
City’s primary water supply, the Bull Run watershed.

14.7 SCENARIO

An extreme multiyear drought more intense than the 1977 drought could impact the region with little
warning. Combinations of low precipitation and unusually high temperatures could occur over several
consecutive years. Intensified by such conditions, extreme wildfires could break out in or near Portland,
increasing the need for water. If such conditions persisted for several years, the economy of the City of
Portland could experience setbacks, especially in water dependent industries.

14.8 ISSUES

The following drought-related issues have been identified in the course of the planning process:

* The need for the identification and development of alternative water supplies, especially in
relation to the potential secondary impacts to water supply form drought-induced wildfire.

* There are no quantitative estimates for general building stock impacts for the drought hazard.

« Water resource management strategies have changed significantly over the last several
decades. Managers must now consider the needs of communities, industries, power-generating
faciliies and the environment. Issues associated with meeting the needs of these competing
demands with limited resources will likely increase as population growth continues and the
impacts of climate change intensify.

* The use and promotion of water-saving and reclamation technologies even during non-drought
periods may decrease the effects of drought in Portland.

* Promotion of native and drought-resistant landscaping should continue.

* Predicting droughts can be challenging, although waming systems are currently under
development.

* Changes in the timing, frequency and duration of precipitation events may present challenges
for current water storage and management practices in the region. Climate change may also
increase the frequency and duration of meteorological drought conditions.
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15. SPACE WEATHER

15.1 HAZARD PROFILE

Space weather is identified in this plan as an emerging hazard of concemn; therefore, a detailed nisk
assessment of the hazard was not conducted. Additional information pertaining to risk from the space
weather hazard will be monitored over the performance period of the plan; the potential for conducting
a detailed nisk assessment will be evaluated at the next plan update.

15.1.1 Background Information

According to NOAA’s Space Weather Prediction Center, space weather refers to vanations in the space
environment between the sun and Earth. It includes phenomena that impact systems and technologies
in orbit and on Earth. Figure 15-1 shows potential space weather related phenomena.

Source: NOAA and NWS Space Weather Prediction Center

Magnetosphere
SolardRadiation{Storm'
SolargWind

.7/cm Radio|Emission

L I
olar/EU

L Coronal Mass|Ejections

e

Figure 15-1. Space Weather Phenomena

Most space weather events start as bursts of plasma on the sun called coronal mass ejections. A
coronal mass ejection event passes through the sun’s corona and into the solar wind. When it reaches
Earth, it energizes the magnetosphere and accelerates electrons and protons down to Earth's magnetic
field lines, where they collide with the atmosphere and ionosphere, particularly at high latitudes.
Different types of space weather can affect different technologies on Earth (NCAA, 2016d):
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* During events known as radio blackout storms, solar flares can produce strong bursts of
radiation that degrade or block high-frequency radio waves used for radio communication. Solar
radiation from these flares also poses risks to passengers and crew of commercial aircraft flying
in polar regions during the storm.

= Solar energetic particles can penetrate satellite electronics and cause electrical failure. These
particles also block radio communications at high latitudes during solar radiation storms.

« Coronal mass ejections can cause geomagnetic storms on Earth and induce extra currents in
the ground that can degrade power grid operations. Geomagnetic storms can also modify the
signal from radio navigation systems, causing degraded accuracy.

* Induced current from geomagnetic storms can accelerate corrosion in long pipelines. Most
pipelines have corrosion-control systems to prevent this, but not all.

15.1.2 Past Events

The strongest geomagnetic storm on record is the Carrington Event that occurred in September 1859.
This storm caused telegraph lines to electrify, in some cases shocking technicians and setting
telegraph paper on fire. The aurora generated by the magnetic effects could be seen as far south as
Hawaii and Cuba (FEMA, 2016d).

More recent events include a space weather storm on March 13, 1989 that disrupted the hydroelectric
power grid in Quebec, Canada. This system-wide outage lasted for 9 hours and left 6 million people
without power. In October 2003, space weather cause a simultaneous shutdown of satellites and air
traffic precision navigation for several hours. In early December of 2006, geomagnetic storms and solar
flare activity disabled Global Positioning System (GP5) signal acquisition over the United States (SDR,
2010).

15.1.3 Warning Time

Space weather prediction services in the United States are provided primarily by the Space Weather
Prediction Center and the U.5. Air Force's Weather Agency. The Space Weather Prediction Center
draws on a variety of data sources, both space- and ground-based, to provide forecasts, watches,
warnings, alerts, and summaries to civilian and commercial users (FEMA, 2016d).

15.2 EXPOSURE

There is no clearly defined extent of space weather exposure. All of Portland is potentially exposed to
the direct and indirect impacts of space weather.

15.3 VULNERABILITY

15.3.1 Population

The potential impacts of space weather on human health on Earth are not well known. There are many
theories about human health impacts from space weather associated with the disruption of electrical
pulses within the body. There have not been enough significant occurrences of space weather events
to confirm these theories. If they are accurate, then all populations in the City of Portland would be
vulnerable to space weather events.

Power outages induced by space weather can be life-threatening to those dependent on electricity for
life support.
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15.3.2 Property

All property in the City of Portland would be vulnerable to indirect impacts associated with loss of power
tnggered by space weather events. The potential impacts from electromagnetic pulses from space
weather events on power grids is generally accepted by experts in this field, but has not been widely
studied, due to the infrequency of space weather events. Direct structural damage resulting from space
weather is not likely.

15.3.3 Environment

Cosmic rays are high energy particles reaching Earth from sources outside our solar system. There is a
theory that cosmic rays can create nucleation sites in the atmosphere, which seed cloud formation and
create cloudier conditions. If this is true, then there would be a significant impact on climate. During the
portion of the sun’s 11-year solar cycle called “solar minimum,” cosmic rays are at a maximum.
Therefore, the duration of solar minimum may have an impact on Earth’s climate. (NOAA, 2016d).

15.3.4 Economy

The economic consequences resulting from a citywide power outage caused by space weather would
be severe and long-lasting. Without a stable electrical grid, every sector of Portland’s economy would
be impacted. Lloyd’s City Risk Index estimates a solar storm could cause up to $250 million of lost
gross domestic product annually (Lloyd's, 2015).

15.4 ISSUES

The October 2015 National Space Weather Action Plan developed by the National Science and
Technology Council includes a goal of improving space-weather services by advancing understanding
and forecasting. The objectives associated with this goal are as follows:

* Improve understanding of user needs for space-weather forecasting to establish lead-time and
accuracy goals.

* Ensure that space-weather products are intelligible and actionable to inform decision-making.
Establish and sustain a baseline observational capability for space-weather operations.
Improve forecasting lead-time and accuracy.

* Enhance fundamental understanding of space weather and its drivers to develop and
continually improve predictive models.

* Improve effectiveness and timeliness of the process that transitions research to operations.

It should be noted that these actions and challenges associated with space weather are for the most
part, outside the control of the City of Portland and its leaders. The most important issue regarding
space weather in Portland is the potential for disruption to the electrical systems resulting in cascading
impacts on people and property. Additional issues include potential impacts on GPS systems, satellite
operations and aviation.
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16. RISK RANKING

A risk ranking was performed for the hazards of concern described in this plan for the City of Portland
as a whole and for each risk reporting area. These risk rankings assess the probability of each hazard's
occurrence as well as its likely impact on the people, property, and economy of Portland:

* The probability of occurrence of a hazard is indicated by a probability factor based on likelihood
of annual occurrence.

* Hazard impacts were assessed in three categories: impacts on people, impacts on property and
impacts on the local economy:

» People—Values were assigned based on the percentage of the total population
exposed to the hazard event.

» Property—Values were assigned based on the percentage of the total property value
vulnerable to the hazard event.

» Economy—Values were assigned based on the percent of critical facilities exposed
to a hazard in Portland.

The impacts of each hazard category were assigned a weighting factor to reflect the significance of the
impact. These weighting factors are consistent with those typically used for measuring the benefits of
hazard mitigation actions: impact on people was given a weighting factor of 3; impact on property was
given a weighting factor of 2; and impact on the economy was given a weighting factor of 1. Table 16-1,
Table 16-2 and Table 16-3 summarize the impacts for each hazard.

Table 16-1. Impact on People from Hazards

Hazard Event act (high, medium, low) Impact Factor

Dam Failurea Medium (2.0%) 2 2x3=6
Droughtb None (0%) 0 0x3=0
Earthquake High (100%) 3 Jz3=9
Floode Low (1.6%) 1 1x3=3
Landslide Medium (14.5%) 2 2x3=6
Severe weather High (100%) 3 3x3=9
Volcanic Activityd Medium (estimated) 2 2x3=6
Wildfire Medium (11.1%) 2 2x3=6

a. The Mt. Tabor Reservoirs 5 and 6 scenario is used for nsk ranking.
b. The occurrence of a drought event rarely causes direct injury or death.
c. 1 percent annual chance flood event is used for nsk ranking

d. Although the entire population is potentially exposed to ash fall, death or injury is unlikely unless an underlying condition is exasperated.
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Table 16-2. Impact on Property from Hazards

Hazard Event act (high, medium, low) Impact Factor

Dam Failured Low (less than 1%) 1 1x2=2
Droughtb Low (estimated) 1 1x2=2
Earthquakec Medium (4.3%) 2 2x2=4
Floodd Medium (less than 1%) 1 1x2=2
Landslide# Low (estimated) 2 2x2=4
Severe weather! Low (estimated) 1 1x2=2
Volcanic activityd Low (estimated) 1 1x2=2
Wildfire Low (estimated) 1 1x2=2

a. Mt. Tabor Reservoirs 5 and 6 scenanio is used for risk ranking.

b. The occurrence of a drought event rarely causes structural damage.

c. Cascadia M9.0 scenario is used for risk ranking. Estimates were moved to medium due to an increase in seventy resulfing from more
than 1 minute of shaking.

d. Impacts are assigned as medium due to unmapped urban drainage issues.

€. 12.1% of property is exposed, but landslides are unlikely to ocour simultaneously as a standalone hazard.

f. Although all property is exposed, it is unlikely that more than 5 percent would be damaged.

g. 9.5% of property is exposed, but is unlikely that all property would be lost in any one event.

Hazard Event %

Dam Failured Low (less than 1 percent) 1 1x1=1
Droughtb Low (estimated) 1 1x1=1
Earthquake¢ High (100 percent) 3 3x1=3
Floodd Low (5.0%) 1 1x1=1
Landslidee Low (estimated) 1 1x1=1
Severe weather’ Medium (estimated) 2 2x1=2
Volcanic Activityd Medium (5.6% + 100%) 2 2x1=2
Wildfire Low (9.7%) 1 1x1=1

a. Mt. Tabor Reservoirs 5 and 6 scenanio is used for risk ranking.

b. The occurrence of a drought event rarely causes large economic impacts in urbanized areas.

c. Cascadia M9.0 scenario is used for risk ranking

d. 1 percent annual chance flood event is used for risk ranking

e. 12% of facilities are exposed, but landslides are unlikely to occur simultaneously as a standalone hazard.

f. All facilities are exposed, but it is unlikely that more than 25 percent would be damaged. Economic impacts would occur as a result of
transportation disruptions.

g. 9.7% of facilities are exposed, but is unlikely that all those exposed would impacted in any one event.

16.1 PROBABILITY OF OCCURRENCE

The probability of occurrence of a hazard is indicated by a probability factor based on likelihood of
annual occurrence:

High—Hazard event is likely to occur within 25 years (Probability Factor = 3)
Medium—Hazard event is likely to occur within 100 years (Probability Factor =2)
Low—Hazard event is not likely to occur within 100 years (Probability Factor =1)
Mo exposure—There is no probability of occurrence (Probability Factor = 0)
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The assessment of hazard frequency is generally based on past hazard events in the area, although
the likelihood of future events has been taken into consideration in this assessment. Table 16-4
summarizes the probability assessment for each hazard of concern for this plan.

Table 16-4. Probability of Hazards

Hazard Event

Dam Failure Low 1
Drought High 3
Earthquake@ Medium 2
Floodd High 3
Landslide High 3
Severe weather High 3
Volcanic Activity Low 1
Wildfire High 3

a. (Cascadia M9.0 scenario is used for nsk ranking
b. 1 percent annual chance flood event is used for nisk ranking

16.2 IMPACT

Hazard impacts were assessed in three categories: impacts on people, impacts on property and
impacts on the local economy. Numerical impact factors were assigned as follows:

* People—Values were assigned based on the percentage of the total population exposed to
the hazard event. Impact factors were assigned as follows:

» High—25 percent or more of the population is exposed to a hazard (Impact Factor = 3)

» Medium—10 percent to 25 percent of the population is exposed to a hazard (Impact
Factor = 2)

» Low—10 percent or less of the population is exposed to the hazard (Impact Factor = 1)

# No impact—None of the population is exposed to a hazard (Impact Factor = 0)

* Property— Values were assigned based on the percentage of the total property value
vulnerable to the hazard event. Impact factors were assigned as follows:

» High—Estimated loss from the hazard is 10 percent or more of the total replacement
value (Impact Factor = 3)

» Medium—Estimated loss from the hazard is 5 percent to 10 percent of the total
replacement value {Impact Factor = 2)

» Low—Estimated loss from the hazard is 5 percent or less of the total replacement value
(Impact Factor = 1)

» No impact—No loss is estimated from the hazard (Impact Factor = 0)

» Economy—Values were assigned based on critical facility exposure for critical facilitates and
infrastructure on Portland. Impact factors were assigned as follows:

High—25 percent or more of total facilities are exposed (Impact Factor = 3)
Medium—Between 10 and 25 percent of facilities are exposed (Impact Factor = 2)
Low—Less than 10 percent of facilities are exposed (Impact Factor = 1)

MNo Impact—No cntical facilities are exposed to the hazard (Impact Factor = 0)

YVYY
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16.3 RISK RATING AND RANKING

The risk rating for each hazard was determined by multiplying the probability factor by the sum of the
weighted impact factors for people, property and economy, as summarized in Table 16-5. Based on
these ratings, a priority of high, medium or low was assigned to each hazard. City-wide the hazards
ranked as being of highest concemn are severe weather and earthquake. Hazards ranked as being of
medium concern are flood, landslide and wildfire. The hazards ranked as being of lowest concern are
volcanic activity, dam failure and drought. Table 16-6 shows the hazard risk ranking for the City of
Portland. A similar ranking process was performed for each reporting area; the results from those
efforts are summarized in Table 16-7 and Table 16-8.

Table 16-5. Hazard Risk Rating

Hazard Event ili Sum of Weighted Impact Factors Total (Probability x Impact
Dam Failure 1 B+2+1=9 9
Drought 3 0+2+1=3 9
Earthquake 2 9+4+3 =16 32
Flood 3 J++1=8 24
Landslide 3 6+2+1=9 27
Severe weather 3 9+2+2 =13 39
Volcanic activity 1 B+2+2 =10 10
Wildfire 3 6+2+1=19 27
Table 16-6. Hazard Risk Ranking
1 Severe weather High
2 Earthquake High
3 Landslide Medium
3 Wildfire Medium
4 Flood Medium
5 Volcanic activity Low
6 Dam Failure Low
7 Drought Low

Table 16-7. Hazard Risk Rankings by Reporting Area
Hazard Event

A
Hazard Ranking Al Central Ci Mortheast | Portland Southwest

Dam Failure Mone Low None None None Mone Low Low Low
Drought Low Low Low Low Low Low Low Low Low
Earthquake High Medium Medium Medium High Medium Medium Medium High
Flood High Medium Medium Medium Medium Low Low Medium Low
Landslide None Medium  Medium = Medium | Medium | Medium = Medium High High
Severe weather High High High High High High High High High
Volcanic activity  Low Low Low Low Low Low Low Low Low
Wildfire Low Medium Medium Medium Medium Low Low High High
TETRA TECH
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Table 16-8. Hazard Risk Ratings b
Hazard Event

Reporting Area

Airport Central Ci Mortheast Portland Portland Mortheast | Southeast | Southwest | Northwest
1 Severs Severe Severs Severe Severs Severe Severe
weather weather weather weather weather weather weather Wildfire Landslide
2 Earthquake Earthquake FEarthquake Earthquake Earthquake Earthquake Earthquake Landslide Wildfire
3 Severe Severe
Flood Landslide Flood Flood Flood Landslide  Landslide weather weather
4 Volcanic Flood Landslide  Landslide  Landslide Wildfire Flood Earthquake Earthguake
activity
5 Wildfire Wildfire Wildfire Wildfire Wildfire ‘I."d_nic "u"{)ll?ﬂ_ﬂ[: Flood "u"{)ll?ﬂ_ﬂ[:
activity activity activity
6 Drought Vdc.j.apic 1'-"0-|(_;ﬂ_'li: ‘h"r:ll_ric "v!uk_:a_mic Flood Wildfire ‘h"r:ll_ric Flood
activity actity activity actity activity
7 MNIA Dam failure = Drought Drought Drought Drought | Dam failure Dam failure = Dam failure
8 NI Drought NI MIA, MNI& MIA, Drought Drought Drought
TETRA TECH
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17. VISION, MISSION, GOALS AND OBJECTIVES

Hazard mitigation plans must identify goals for reducing long-term vulnerabilities to identified hazards
(44 CFR Section 201.6(c)(3)(i)). The Steering Committee established a vision, a mission, goals and
objectives for this plan, based on a review of the 2010 NHMP goals, the State of Oregon Hazard
Mitigation Plan goals, and other locally relevant community plans and programs, such as the Portland
Comprehensive Plan. Following this review, the 2010 NHMP goals were updated to most accurately
reflect current community needs and values and changing community priorities (see Appendix H for
2004 and 2010 goals).

A working draft of the vision, mission, goals and objectives was established through facilitated
exercises and group discussion. Figure 17-1 shows the most commonly used terms in steering
committee member comments on the vision and mission development process (words shown in larger

fonts were mentioned more frequently).
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Figure 17-1. Vision and Mission Development Word Cloud

The goals and objectives continued to be revised throughout the plant update process based on the
results of the risk assessment and feedback received during the public engagement process. The
vision, mission, goals and objectives selected for this plan and presented below, along with the actions

TETRA TECH 17-1



37242

The Mitigation Action Plan Wision, Mission, Goals and Objectives

outlined in Chapter 19, all support each other. Goals were selected to support the vision and mission.
Objectives were selected that meet multiple goals. Actions were prioritized based the number of
objectives each would help to accomplish.

17.1 VISION

Vision is defined in this planning process as the City of Portland’s desired future state. The Mitigation
Action Plan was designed to support and inform the comprehensive plan, which is the implementing
document for the Portland Plan. Therefore, it was determined that the vision for the MAP should align
with the overall community vision for Portland, as follows:

Portland is a prosperous, healthy, equitable and resilient city where everyone has access to
opportunity and is engaged in shaping decisions that affect their lives (City of Portland 2035
Comprehensive Plan).

17.2 MISSION

The mission for the MAP defines what the plan aims to achieve and how:

To equitably reduce risk and the adverse impacts of natural hazards by building community
resilience through collaborative, cost-effective actions and strategies.

17.3 GOALS

The following goals were selected as general guidelines for the MAP that explain what the plan should
achieve:

Protect life and reduce injuries.
Engage and build capacity for the whole community.
Minimize public and private property damage.
Protect, restore, and sustain natural systems.
* Minimize the disruption of essential infrastructure and services.
Integrate mitigation strategies into existing plans and programs.
Priontize multi-objective actions that reduce risk to vulnerable communities.

17.4 OBJECTIVES

Objectives for this planning process are broader than actions but more specific than goals—specific
enough to help determine whether a proposed project or program would advance the values expressed
in the mission and vision. Objectives were used to define and prioritize actions. They also may be
thought of as policies. Each objective meets multiple goals, serving as a stand-alone measurement of
the effectiveness of a mitigation action, rather than as a subset of a goal.

Table 17-1 shows the objectives for the MAP and the goals that each objective supports. Some
objectives were taken from or adapted from other local programs, and the source of those objectives is
provided in parentheses after the description of the objective.
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Table 17-1. 2016 Mitigation Action Plan Objectives
Related Goals

Objective

1 | Strengthen development codes and update land . v v v
use designations to facilitate effective disaster
risk reduction (Adapted from Portland
Comprehensive Plan 4.78)

2  Prevent or reduce mitigation-related dispariies = v v v v v
affecting under-served and under-represented
communities through plans, investments and
engagement
(Adapted from Portland Comprehensive
Plan 7.2)
3 Promote the use of natural systems to limit \d \d
natural hazard related impacts
(Adapted from Portland Comprehensive
Plan 7 .4b)
4 Increase the resilience of high-nisk and crifical v i i
infrastructure through monitoring, planning,
maintenance, investment, adaptive technology,
and continuity planning
(Portland Comprehensive Plan 8.25)
5 Coordinate land use plans and public facility v v i i
invesiments between City bureaus, other public
and jurisdictional agencies, businesses,
community partners, and other emergency
response providers
(Adapted from Portland Comprehensive
Plan 8.99)
6 Support community outreach activities that i v v i
increase stakeholder awareness and
understanding of hazard risk, mitigation options,
and preparedness strategies
(Adapted from Multnomah County NHMP O1.2)
7 ldentify and seek various funding opportuniies =+ v \d \d
for mitigation activiies and look for ways fo
leverage existing funds
(Adapted from Multnomah CGounty NHMP 01.5)
8 Seek opportunities in which hazard mitigation v v v v v v v
also benefits other community goals
(Adapted from Multnomah County NHMP 03.4)
9  Collect data to frack progress on meefing i v v i i i i
mitigation goals.
10 Use the best available data, science and i v i
technologies to improve understanding of the
location and potential impacts of natural
hazards, the vulnerability of building types and
community development patterns, and the
measures needed to protect life safety.
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11

12

13

14

15

16

Retrofit, purchase, or relocate structures in high = ¥
hazard areas, especially those known o be
repefitively damaged.

Promote, incentivize and support the mitigation
of private property.

Improve systems that provide waming and \d
emergency communications.

Promote mutual information exchange and
incorporate existing community networks in the
identification and implementation of mitigation
actions.

Build City staff and community capacity fo

ensure effective implementation and equitable
outcomes of mitigation action efforts

{Adapted from Portland 2015 Climate Action

Plan)

Develop plans to reduce immediate impacts of
natural hazard events, and to facilitate rapid
and effective social and economic recovery.

TOTAL 12

12

Related Goals

Mote: Objectives are numbered for reference, not to indicate priority.
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18. MITIGATION ALTERNATIVES

Risk is a function of the hazard, the level of exposure, the level of vulnerability, and the available
capability to respond to or prepare for hazard events. Risk can be mitigated by manipulating the
hazard, reducing exposure to the hazard, reducing vulnerability, or increasing capability. Where

mitigation is not yet possible, risk can be reduced through preparation, response or recovery.

Over the course of the MAP planning process, catalogs of mitigation alternatives were developed (in
compliance with 44 CFR (Section 201 .6(c){3)(ii))) from best practices, steering committee
recommendations, and stakeholder input. One catalog was developed for each hazard of concern, as
well as a catalog for actions that would mitigate all hazards. The catalogs present alternatives that are
categorized in two ways:

* By who would have responsibility for implementation:

# Individuals (public scale)
» Businesses (private scale)
» Government (government scale).

* By what the alternative would do:

» Manipulate the hazard

» Reduce exposure to the hazard

» Reduce vulnerability to the hazard

# Increase the ability to respond to or be prepared for the hazard.

The steering committee brainstormed mitigation actions to be included in these catalogs, voted to
identify top-rated actions, and then developed a list of recommended actions. The list of top-rated
actions is available in Appendix |, along with the full list of mitigation actions for all hazards.

These catalogs are not exhaustive. Their purpose was to provide a list of what could be considered to
reduce risk to hazards within Portland. The City of Portland, in collaboration with stakeholders,
reviewed the catalogs to identify ways to apply the actions they contain for specific needs and
situations. The catalogs provide a baseline of mitigation altematives that are backed by a planning
process, are consistent with the established goals and objectives, and are likely within the capabilities
of the City of Portland to implement. Actions in the catalog that are not included in the City’s action plan
were not selected for one or more of the following reasons:

= The action is not currently feasible.
= The action is already being implemented.
There is an apparently more cost-effective altemnative.
The action does not have public or political support.
The action is not within the capabilities of the City.
The potential for equitable impacts cannot be assessed at this time.
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19. ACTION PLAN AND IMPLEMENTATION

19.1 BUREAU ACTION SELECTION WORKSHOP

On May 11, 2016 a workshop was held to provide guidance to City bureaus on selecting the mitigation
actions to be included in The Mitigation Action Plan. This workshop was attended by 28 staff members
from 11 City bureaus or offices. At the workshop, the planning team reviewed and discussed the
following:

The planning process

The concept of mitigation

The tool kit assembled by the planning team for use in action selection

The instructions for completing relevant implementation information for each identified
action.

Each bureau participating in development of the MAP was provided with a set of expectations (see
Appendix J) and asked to do the following:

Complete a letter of intent (provided with the set of expectations)
Designate points of contact

» Attend bureau workshop
Apply an equity lens to project selection, development and priontization
Pursue mitigation implementation opportunities

* Attend annual reporting and update meeting.

In addition, bureaus were encouraged to support the steering committee and the public involvement
strategy. All bureaus identified as lead agencies in action items selected for implementation were asked
to complete and sign this letter of intent. The following sections of this chapter outline the end result of
this workshop and the internal work done within each bureau to reconcile previously identified actions
and identify new actions for the MAP.

19.2 STATUS OF PREVIOUS PLAN ACTIONS

The 2010 NHMP identified 101 mitigation actions for implementation. For the current update, these
actions were reviewed by City bureaus and offices and other relevant agencies. For each action, it was
determined whether the action had been completed, was in progress or had not been started.
Incomplete actions were reviewed to determine if they should be carnied over to the 2016 plan or
removed from the plan due to a change in priorities, capabilities, or feasibility. In total, 75 (75 percent)
of the identified actions have been started or completed, and 26 (25 percent) showed no progress. Of
the 101 identified actions 39 (39 percent) were carmmed over to the 2016 plan. Each has a new action
number assigned to it for the 2016 plan, and many were reworded to more clearly state their intent.
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Table 19-1 summarizes the status of the recommended actions from the 2010 NHMP. More detailed
information on many actions, especially those that were completed or are in progress, is provided in the
2016 Progress Report in Appendix A.

Table 19-1. Status of Actions Identified in the 2010 Natural Hazard Mitigation Plan

ST MH #1— Continue to involve the public in updating the Natural Hazard Mifigation Plan. (education v
& outreach)

Comment: Camied over, PBEM-15.

ST MH #2 — Form a committee to identify and coordinate critical fransportation (street and highway) v

networks. (mapping, asset management)

Comment: Thereis no commitee, but we have identified emergency iransportation routes for key facifties. If new facilties are buil,
transportation routes would be re-evaluated

ST MH #3 — Coordinate emergency standard operating procedures and plans between disaster v

responder organizations in the Portland metro region, fo coordinate and expedite decision making

during emergencies. (planning)

Comment: Regional Mili-Agency Coordination on aperations. Imtemalfy de-conflicted the County Basic Emergency Operations Plan wif
the City Basic Emergency Operalions Plan. PBEM reviews other bureaus’ ememgency procedures.

ST MH #4 — Develop a multiple-agency mulfi-hazard evacuation plan (earthquake, flood, fire and v

landslide at a minimum}.

Comment: Evacuation Plan developed. Certain areas of highest risk have individualized plans (Linnton).

ST MH #5 — Acquire Light Detection and Ranging (LIDAR) images of the Porland Mefro area to v

facilitate natural hazard area risk assessment and vulnerability analysis. (mapping) (NFIP Compliance)

Comment: Acquisiion complete. Analysis in progress.

ST MH #6 — Use findings from Portland’s Risk Assessment (HAZUS-MH) to enhance existing debns v

removal plan. HAZUS-MH will need fo be updated. (existing GIS Mapping)

Comment: The 2003 HAZUS analys's was used to update Metra’s debris removal plan from the 1990s in 2013, Debris modeling is being
updated regionally. A new HAZUS analysis i being completed as part of the 2016 plan update.

ST MH #7 — Create a mitigation mapping committee to index and maintain GIS mapped inventory and v

develop priontized list of crtical facilities, residential and commercial buildings within known hazard

areas such as earthquake, erosion, the 100-year and 500-year floodplains, invasive plant species,

landslide and wildfire areas. (NFIP Compliance) ldentify parameters and methods for new maps as

needed to meet multi-hazard mitigation goals and to improve communication with the public.

Comment: CGIS maintains inveniory in Portiand Maps. No such committee exists. Much of this will be accomplished through the MAP
update. Parks, BES data, PBOT erasion dala, and others are included. PBEM also promotes the Map Your Neighborfiood iniiative.

ST MH #8 — Pariner with utiliies as they ensure continuity of service to the City and the Columbia v

South Shore Well field to provide for redundancy in case of primary power outage. (asset

management)

Comment: Camied over, PWE-21.

ST MH #9 — Develop a city employee emergency response plan to assure that city employees know v

what is expected of them to confinue City operations. (education, outreach)

Comment: All bureaus have submitted Continuity of Operations Plans (COOP) and recogmize accouniabiity requrements. PBEM is
hiring a COOP planner. The mayor sends out emails informing employees wihat fo do in an emergency.

ST MH #10 — Develop educafional matenals (television and print media) for residents that idenfify and v

define their risk to multi hazards: define and offer mitigation measures that residents can take home or

share, determine method of distribution of the educational materials and coordinate with the media fo

reduce conveyance of misinformation. (education, outreach)

Commeni: PEBEM fired a comm. owtreach represantalive. suppors preparedness campaigns, promoles preparedness matenals, and has
offered saismic sirengthaning programs. Public Information Officer works with local news (KOIN) on post-disaster coflaboration.
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ST MH #11 @ — Implement actions in the 2005 Portland watershed management Plan (planning) v

(NFIP Compliance)
Commeni: Camied over, BES-1.
LT MH #1 # — Revise Portland's Comprehensive Plan to address and implement Citywide policies, v

land use improvements and mapping changes to natural hazards including, but not limited to,
earthquakes, erosion, floods, invasive plants, landslides, volcano, severe weather and wildfires.
(mapping, planning) (NFIP Compliance)

Comment: Camied over, BPS-5, BPS+.

LT MH #3 — Increase the responsiveness of the emergency permitiing procedures for post-hazard v
event periods through development of a procedural plan and the purchase of a mobile permitting van.

(planning)

Comment: Caried over, BDS-1. Eliminated purchase of a mobile permitting van” as this was determined fo be cosi-profibitive.
LT MH #6 — Promote the development of TnMet communications and dispatch capability to v

immediately implement changes to transit routes and service due to disruption of streets, roads,
bridges, rail transit tracks and the information technology that provides connectivity. (planning)
Comment: PBOT has encouraged TiMet fo tiifze WebEOC as the imformation shaning tool during severe weather events.

LT MH #8 @ — Review and amend City Code and other compliance documentation to require that all v

facilities that store or handle hazardous matenals (including large tanks) and which are located in the

500-year floodplain, landslide, or other hazard areas, develop a hazardous matenals inventory

statement. This statement will be made available for Fire Bureau review. Require that these storage

tanks are either adequately protected or relocated outside of the 500 year floodplain, landslide, or

other hazard areas. (asset management) (MFIP Compliance)

Comment: City Resolution 36756 (Water Bureau) requires businessas in the Columbia South Shore Wall Field Wellhead Protection Area
that meat hazmat thresholds to raport 3 hazardous matenials imventory every November 30. 2016 Critical Energy Infrasiruciure Hub Risk
Assassment raport indudes recommendations fo begin accomplshing this. Camry over, PBEM-19.

LT MH #9 — Identify and pursue funding opportunities from outside agencies to fund and implement v

identified mitigation projects and activities. (education, outreach)

Comment: FHA grant funding for PBEM/PBOT transportation planner. PDM 13 grant for MAP update, Hazard Mitigation Program grant
for seismic retrofitting of private residences, PDM 15 grant application for seismic reirofit of private residences. PBEM annually applies for
and receives Emargancy Management Performance Granits, Urban Areas Security Iniiative grants, and others on a requilar basis. “Note:
PBEM did not receive the Urban Areas Secuniy fnitiative gramt in 2013,

LT MH #10 — Assess the stability of levees in the Columbia Comidor Area and develop appropriate v

emergency plans to address potential levee failure and associated hazards. (planning)

Comment: Camied over, PBEM-14, OMF-1.

LT MH #11 @ — Support development of a multiple-agency plan for Marine Drive closure coordination. v

(planning)

Comment: PBOT is part of the Multnomah County Drainage District Flood Emergency Action Plan (2016) io install siap log closures
along Manne Drive a5 necessary. Manne Drive dasure is outlined in the City's evacuation plan for the Disiricts, wiich is an amex io the
BEOP.

LT EQ #11 2 — Work with local junsdictions to assess the capacity of landfill fo accommodate v

earthquake debris: develop coordination plans for disposal of debnis in the aftermath of an earthquake.

(planning)

Comment: Camied over, PBEM-4.
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New MH #1 #— Cross reference and incorporate mitigation planning provisions into all community v

planning processes such as comprehensive, capital improvement and land use plans, to demonsirate

mulfiple bureau benefits and strengthen eligibility from multiple funding sources. This action is also

identified in LTFL#8, 15494 & SW#117_ (planning)

Comment: 2010 Natural Hazard Mitigation Pfan components incorporated imto Clmale Action Plan and Comp. Plan update. PBEM
requiary provides comments on citywide planming efforts and requests comments or participation fom other bureaus on PBEM planning
activities

New MH #2 — |dentify and list repetifively flooded structures and infrastructures, analyze the threat to v

these faciliies and priontize mitigation actions to protect the threatened population. (NFIP Compliance)

New Reworded MH — Acguire (buy-out), demolish, or relocate structures from hazard prone area. v
Property deeds shall be resiricted for open space uses in perpetuity to keep people from rebuilding in

hazard areas. (planning) (MFIP Compliance)

Commeni: Camied over, BES-4.

New MH #3 @ — Develop and incorporate building ordinances commensurate with building codes to v

reflect survivability from all hazards to ensure occupant safety. (NFIP Compliance)

Comment: Carmied over, BDS-2.

New MH #4 @ — Update the Infrastructure Master Plan and System Vulnerability Assessment, Sewer v

Failure Response Plan. (asset management, planning)

Comment: The Infrasiruciure Master Plan was updated in 2074 and was renamed the Ciywide Systems Plan. The Sewer Failure
Rosponse Plan was updated i 2012 to comply with National Pollutant Discharge Elimination System parmit requirements, and named
the Sewer Release Response Plan.

New MH #5 — Pariner with agencies to develop a west side operafions center to be used during an v
emergency if the east side Emergency Control Center and other City faciliies become inoperable.

Commeni: Camied over, OMF-2.

New MH #6 2 — Promote 09 Climate Action Plan action items with similarities to adaptafion planning v

and mitigafion actions. (planning)

Comment: Carmied over, BPS-7.

ST EQ #2 8 — Assess existing earthquake related mitigation plans and vulnerability studies to identify v
areas of conflict, duplication or gaps beiween studies & secondary hazards of earthquake. (planning)

Comment: Removed as & was determined that this is not a priority and not a productive use of staff time.

ST EQ #3 a— Update the vulnerability analysis of Columbia Boulevard Wastewater Treatment Plant v

Tryon Creek Wastewater Treatment Plant and wastewater pump stations. (Asset management,

planning}

Comment: Carmied over, BES-3.

ST EQ #4 — Prioritize the retum of power to treatment plants (Tryon Creek and Columbia Boulevard) v

and pump stations.

Comment: Carmied over, BES-2.

ST EQ #8 — Study the feasibility of mandatory or voluntary installation of seismic shutoff valves on v

natural gas meters at commercial and residential buildings.

Comment: PBEM pursued ihis, but it did not come fo fruition. Valves are expensive, and take time and professional services fo furm back
on alter being shut off BPS and BDS have advocated for disclosure of seismic information upon sale of homes.

LT EQ #3 8 — Develop a plan to strengthen sewer infrastructure in areas where sireet overlays and v
sewers have potential fo collapse in a seismic event (asset management)

Comment: Carried over, CAMG-1.
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LT EQ #6 — Assess the vulnerability of the water distribution system to seismic events: work toward v

hardening the system.
Comment: Camied over, PWEB-1.
LT EQ #8 2 — Study development regulafions and policies to ascertain if requlations can be made to v

limit development of high risk faciities in known areas of earthquake hazards.

Comment: Camied over, BPS-4, BPS-13, and BPS-15.

SW #2 — Acquire an additional facility for storage of anti-Hcing matenals and expand anfi-icing vehicle v

inventory.

Comment: PBOT acquired addiional plows, sanders and anticing equipment. Storage for addiional anti-icing matenal is planned for the
Jermme Sears Westside faciity once projed &5 completed. Camied over, OMF-2.

ST SW #6 — Insulate residential buildings that house at nsk populations. v

Comment: This action is being accompiished through differant means. BPS created Clean Energy Works, Oregon wiich 5 mow a non-
prafit orgamization that conducts energy audits and provides homeownears with bw-cost enargy efficient upgrades.

ST SW #7 — Prioritize existing building stock for active review of Tile 29 (Dangerous Building Code) v
This needs to be updated with intern information or information sent from individuals that are on the

team.

Comment: Removed because & is not feasible, not a productive use of staff time. and not directly related to hazards.

ST FL #1 — A covenant is recorded with the deed of new development in the floodplain to ensure that v

space below the base flood elevation is not converted fo habitable space. This should be codified to

improve compliance. (NFIP Compliance)

Comment: Camied over, BDS-3.

ST FL #2 — Continue to co-fund improvements to nver and stream gauges in the Portland v
metropolitan area with the United Geological Survey.

Comment: Carmied over, BES-7.

ST FL #4 — Secure the agreements necessary to design and implement the redevelopment of v
Freeway Land Company site. (within the Lents Urban Renewal Area)

Comment: Removed. Determined fo be overfy specific. Incorparated into BES-18.

ST FL #5 — Acquire outside funding to hire a consultant to lead the application process to maintain a v

Class 5 rating when the City seeks Community Rating System re-certification.

Comment: Recently completed reveriication. Portfand is likely to be a Class 6 Communily foflow an extremely igorous reveniication
process. New, more robust guidelines in the 2013 CRS Coordinators’ Manual made it impossible fo rotain Class 5 siaius.

ST FL #6 2 — Support Mulinomah County Drainage District (MCDD) in the continued calibration and v

update of hydraulic models for conveyance and internal flood impacts to the four floodplains managed

by MCDD #1.

Comment: BES-20

ST FL #8 — Identify funding for the design and construction of the Springwater Wetlands Complex, a v
J0-acre floodplain wetland restoration project in the Lents area of Johnson Creek.

Comment: Removed. Determined fo be overfy specific. Incorparated into BES-18.

ST FL #3 — Secure funding to implement the passive flood management projects that are v
recommended in the Johnson Creek Restoration Plan & other watershed management plans.

Coordinate with Portland Development Commission’s urban renewal efforts in Lents and with other

pariners in other parts of the watershed.

Comment: Removed. Determined to be overly specific. Incorporated into BES-18.

ST FL #10 — Improve definitions and refine standards for stormwater retention in the Storm water v

Management Manual.

Comment: New Stormwator Management guidalines fiave just beon released, with clanfying defimitions and standard’s.
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LT FL #1 — Increase funding for the Johnson Creek Willing Seller Program; establish willing seller v

programs in other watersheds where flood hazard and prionty restoration areas coexist. (NFIP

Compliance)

Comment: Camied over, BES-6.

LT FL #3 @ — Develop a plan for addressing flooding in the Holgate Lake area. (planning) (NFIP v
Compliance)

Comment: Removed. Quiside of scape of Jofnson Croek Willing Safler area and not identified in Johnson Creek Restoration Pfan. Not a
cument or future priorty for BES.

LT FL #4 — Improve hydraulic bottleneck that prevents discharge of chlorinated effiuent fo the v
Willamette River during high river levels. (NFIP Compliance)

Comment: Removed. Does not directly address risk from natural hazards

LT FL #5 8 — As Waterfront Park remodeling is designed, ensure that Porfland's downtown property v

and critical facilities remain protected from floodwaters. (asset management)

Comment: Camied over, PP&R-1.

LT FL #6/#7 2 — Partner with Army Corps of Engineers to conduct modeling of the Willamette River v
upstream of Portland to identify areas that, if acquired or restored, would contribute to mifigate of peak

flows in Portland or result in significant reduction of flood damages. (NFIP Compliance)

Comment: Removed. This is beyond the city’s (speafically BES's) capabiities and responsibiliias.

LT FL #8 2 — Develop goals, policies and implementation measures to manage the amount of new v
impervious surface and remove existing impervious surfaces where appropnate. These goals, policies

and measures may be at the citywide, watershed, or sub-watershed level. (planning) (NFIP

Compliance)

Comment: Draft Comprehensive Plan contains qoalks and policies, and updated CAP and new Climate Change Preparation Strateqy
include objectives and actions to it and reduce impenvious area. BES would lead implementation measures fo aciualfy ramove
pavament Camed over, BPS-17.

LT FL #9 — Upgrade tresfles that carry the main conduits of the water delivery system. (Sandy River v

Crossing interfies completed) (asset management)

Comment: Camied over, PWB-55.

FL #10 — Create redundancy in the water delivery system at the three Sandy River crossings by v

burying conduits under the river (in progress).

Comment: Camied over, PWB-56.

LT FL #11 — Provide funding for and parficipate in development of a flood inundation model for the v
managed floodplains and downtown sea wall. (mapping) (NFIP Compliance)

Comment: Removed. Lead agency would be FEMA. New foodplain mapping requirements under the FEMA biolbgical opimion will
require FEMA fo do tfis work with specific cimate praiections and mapping protocols.

LT FL #12 — Install a river gauge in the vicinity of the bridge over Johnson Creek at 108th. The gauge v

should be able to send data to remote monitoring sites.

Comment: The bridge was removed as part of the Foster Floodpiain Natural Area consiruction, wivch created an additional 120 acre foat
of flood storage along SE Foster Rd. We have installed a cest gage however to detarmine flood levels during ovar-bank evenis.

LT FL #13 — Install one-way valves on the outlet pipes of the storm inlets on SE Foster Road between v

101st and 112th.

Comment: These outlets now go to a stormwater faciliy that is part of the Foster Floodplain Natural Area.

FL #1 2 — Complete update to the Johnson Creek Restoration Plan. Develop individual plans for each v
sub-watershed to address the sources of excess stormwater runoff that exacerbates flooding. (NFIP

Compliance)

Comment: This action was determined io be redundam with STMH #11
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FL #2 2 — Establish flood mifigation priorities for critical facilities and residential and commercial v
buildings located within the 100- year floodplain using survey elevation data. (NFIP Compliance)

Comment: Rolled over, CAMG-2.

ST-LS #1 #— Confinue to maintain and Improve infernal City communications to facilitate coordination v
of landslide mitigation activities. (education, outreach)

Comment: Camied over, PBOT-5.

ST-LS #3 — Mitigate Portland’s water supply infrastructure from landslide hazards. (asset v
management)

Comment: Carmied over, PWE-57.

ST-LS #4 — Inifiate more operations and maintenance pilot projects along roads that inform about the v

development of standards for managing stormwater in ditches in landslide prone areas. (education,
outreach)

Comment: Camied over, BES-T1.

LT-LS #1 — Develop a comprehensive landslide map for the City of Portland to identify hazard areas v

and to improve communications with the public. (mapping)

Commeni: Camied over, PBEM-9.

New LT LS #3 — Evaluate the role of drainage systems in the West Hills, including pipes, streams and v
drainage ways and options for protecting and improving their functions and increasing their resiliency.

(planning)

Comment: This adiion was determined i be redundant with ST MH £11

LT LS #4 2 — Review the effectiveness of existing regulations related to development in landslide v

hazard areas. (planning)

Comment: Complete. Downzoning completed as part of Comprehensive Plan update.

LT-LS #6 — Employ alternative construction methods such as frenchless construction on City projects v

to reduce the impact that development can have in landslide prone areas

Comment: PBOT accomplishes this for sewer raparr. City bureaus use a varaly of practices depending on site and system condiions.
LT LS #7 — Continue development of standards for small pump stations as an alternafive to gravity v
sewers in accessible or high risk areas.

Commeni: Removed. Not directly related to reducing risk from natural hazards.

ER #1 8 — Develop recommendations for high and low ranking streamside plants that provide more v

erosion control, such as reducing erosion from high water and wave actions.

Comment: Carmied over, BES-12.

ER #2 8 — Implement projects that retain native vegetation, increase vegetation diversifty and increase v

the complexity of the vegetation sfrata (having three vegetation strata: herbs, shrubs, trees).

Comment: Carmied over, BES-13.

ER #3 & — Implement policies fo increase the extent of coverage of the Greenway zones along the v

nivers and further limit proposed activities within these areas.

Comment: Complete. Expanded Greenway Zones induded in 2035 Comprehensive Plan.

ER #4 8 — Develop standards for soil backfill in vegetated areas, especially sloped areas. (planning) v
Comment: Removed. Not a priority action for Ciy bureaus.
ER #5 & — Establish requlations that prevent installation of slopes steeper than 3:1 and prohibit v

development on slopes steeper than 3:1. (planning)

Comment: Removed. Determined to be an ineffective sirateqy.

ER #6 — Implement projects that layback andor regrade riverbank slopes and secure wetland sod v
mats composed of nafive emergentigrasses, efc.

Comment: Complete. Established practice for restoration projects.
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ER #] — Construct and install bio-engineered slope protective measures to reduce or eliminate v

erosion

Comment: Complete. Established practice for restoration projects.

ER #8 — Implement projects that increase large wood sfructures that act to soften the effect of wave v

action on shorelines as well as provide habitat for migrating salmonids.

Comment: Camied over, BES-14.

ER #9 — Secure large wood [boles w/ attached root wads] or log rafts to reduce high wave action that v
can result in erosion.

Comment: Removed Redundant with ER #8/BES-14.

ST WF #1 — Consolidate unassigned and/or unmanaged vegetated areas owned by the City under a v
single land management umbrella. (asset management)

Comment: Removed. Not a priority and does not directly rediice nisk from natural hazards. Intent is served by 5T WF #2

ST WF #2 — Procure funding for management of vegetated natural areas with high wildfire danger, v

including public and private properfies.

Comment: Parks does not seek funding from outside sources, but this is a typical management practice and is integral io Parks SOPs
and managamentiplanning documents,

ST WF #4 — Provide wildfire management fraining to staff. (education, outreach) v

Comment: Each year, Portland Fire & Resaue (PF&R) provides seasonal wildiand training o afl fine personnel by reviewing and
exerasing procedures. In 2076, PF&R will conduct 3 spring Traning Block that all fine staff will complete, with basic state level hands-on
wildland training.

ST WF #5 2 — Amend the Portland Plant List and other related City plant lists and landscaping quides v

to includefidentify fire resistant native plants and planting sirateqgies that could be encouraged or

required in local landscaping. (planning)

Comment: The Portland Flant List was updated to provide information about fire resisiant native plants. Other landscaping and free
quides are mantained by BDS and Portland Parks & Recreation (PP&R).

ST WF #6 2 — Integrate, as appropriate, fire prevention goals and provisions into City policies, plans v

and codes. ldentify and address ambiguities or conflicts among city requirements. (planning)

Comment: The draft Comprehensive Plan includes polides and map changes to reduce future risks and impacts from natural hazards,
induding wikdfire. The draft plan also includes new urban forest related polides that recognize the need to manage for mﬂrﬂ

ST WF #7 2 — |dentify condifions of approval and mitigation strategies that could be applied to new

development or redevelopment in high risk areas.

Comment: Carmied over, BPS-T1.

ST WF #9 2— Improve the system for identifying new construction in areas subject to wildfires and v

communicating this information to the affected land owners. (planning)

Comment: It is not clear what exacly this strategy means. It seems to imply a new mapping tool or interface. BTS upgraded the online
mapping péatform at PortlandMaps.com, wiich shows fire risk by parcel

ST WF #10 — Conduct systematic reviews of Portland’s large, publicly owned, wildland tracts v

regarding fire safety and ecological health to ensure informed land management decisions. (asset

management)

Comment: Completa. This is part of PP&R standard aperating procedtires and planming documeants.

ST WF #11 — Adopt the national “Fire Danger Rafing System” and install the signs at key points in the

City.

Comment: This is part of Parks' standard operating procedures and planming documents.

19-8 TETRA TECH



37242

The Mitigation Action Plan Action Plan and Implementation

ST WF #12 — Implement a neighborhood wildland interface disaster planning program. (education, v

outreach)

Comment: Ready, 5o, Go!l” was developed and managed by the Intarnational Assocation of Fire Chiefs. We adopted the program Bst
year, and have information on our website and handowts for aizens fo leam fow fo profedt themsefves.

STWF #13 2 — Review and potentially refine City contract specifications for machinery operations v

during “Red Flag” weather condiions. (asset management)

Comment: Complete. City of Portland's General Consiruction Safaly Prowvisions for Owner Coniralled Insurance Program document was
updated by BES and PWEB in January, 2011.

ST WF #14 2 — Convene a standing wildland interface fire technical group. (planning) v

Comment: Camied over, FFER-2.

ST WF #15 @ — Index City wildfire mitigation plans and activities. (asset management) v

Comment: The 2017 Muknomah County Community Wildfire Protection Plan indexes recommendaiions from the 2010 NHMP., the 2009
Wildire Readiness Assesament Gap Analysis Raport, and the Forested and the 2005 Wildland Interface Areas Protection Annex
recommendations imto one comprahensive fist

WF @ — Develop and implement protocol for defining and mapping Wildland Urban Interface Zones v

and develop recommended policies, requlations and landscape options for incorporation into City plans

and programs. (planning)

Comment: Camied over, PFER-3.

ST WF #16 — Identify water gnd engineening requirements for firefighfing in wildfire areas. (asset v

management)

Comment: Complete. PWEB has extended the infrasiruciure or grid imfo some of these wildfire prone areas. There are Cify requirements
for minimum fire flow standards in new developments throughout the WLUIL

LT WF #2 2 — Review the feasibility of adopting portions of nationally recognized wildfire interface v

codes to strengthen buillding standards in wildfire risk areas.

Comment: Complete. The City of Portland has adopted the State of Oregon wikiland urban imterface requiremeants wivdh are requiated
by Bureau of Developmental Services.

LT WF #3 — Design and conduct a study to determine the effectiveness of maintenance agreements v

that are established when new land divisions are approved to manage vegetation in open space tracts.

Comment: Camied over, BES-9.

LT WF #1 — Complete an assessment to charactenze high priority wildfire nsk areas and recommend v
specific mitigation strategies.

Comment: Removed. LIDAR data collectad in 2074 may be processed with vegetation classifications fo develop a widfire rsk zones
daiaset This data is owned by the region. and ifvs affort would be coordinated regionally.

LT WF #5 — Explore avenues for funding wildfire interface home construciion upgrades to low income v
homeowners.

Comment: Removed Not a priorty - anecdoial cost-benefit analfysis does not show this as being an efficient use of city resowrces.

WF @ — Act upon all Mitigation Actions outlined in the Wildfire GAP Analysis Report v

Comment: Camied over, PFER-3.

IS #1 — Update Invasive Species Plants List by consolidating nuisance and prohibited plant lists into v

one “Muisance Plants List” and assigning priority ranks to the Nuisance Plants List

Comment: Completed in 2010

IS #2 8 — Clanfy zoning regulations to require removal of plants on the Nuisance Planfs List in the v
Environmental, Greenway and Pleasant \Valley Natural Resources Overlay Zones and the Columbia

South Shore and Johnson Creek Basin Plan Districts.

Comment: There is no additional péan to require removal of all niisance plants in the specific areas identified in the action.

IS #3 @ — Initiate a process to ensure the Erosion Control Manual be made consistent with City goals v

to control and eradicate invasive plants. (planning)

Comment: The Erosion Conirol Manual was updated in 2070, In this update, invasive species were called out as speciically prohibited
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IS #4 & — Initiate a process to ensure the Tree and Landscaping Manual, the Recommended Street v
Tree List and the Stormwater Management Manual be made consistent with City goals to control and
eradicate invasive plants. (planning)

Comment: Removed Invasive species are considered in all documents as a general pradtice.

IS #5 8 — Coordinate with the Portland Plan project to help ensure that invasive species are
addressed in the Comprehensive Plan update and Portland Plan work plan. (planning)

Comment: The draft Comprehensive Plan contans poficies to manage and prevent the spread of imasive plants.

v

IS #6 # — Research the feasibility of establishing a local noxious or invasive weed law. v
Comment: Completed. Invasive Plant Policy Review and Reguiatory Improvement Projed completed in 2011.
LT V #1 # — Work with the state and other impacted jurisdictions fo implement and update the various v

volcano Inter-Agency Coordination Plans.

Comment: Camied over, PBEM-7.

V 2 — Work with the state and other impacted junsdictions to implement and update the various v
volcano Inter-Agency Coordination Plans.

Commeni: This action was deterrmined o be redundant with LT V #1

a.  Action was identified as a plan integration action by the planning team. See Section 19.5.5 for more information.

19.3 ACTIONS SELECTED FOR IMPLEMENTATION IN THE 2016 PLAN

City bureaus and offices were encouraged to review a wide variety of sources of actions for inclusion in
the MAP:

= Mitigation Best Practices Catalog—A catalog that includes FEMA and other agency identified
best practices, steering committee and other stakeholder recommendations, and
recommendations from the Critical Energy Infrastructure Hub report.

= Risk Assessment and Issues—The results of the nsk assessment information and issues
identified during the planning process including the exposure and vulnerabilities of critical
facilities that bureaus and offices may own or operate or upon which they depend.

* Public Input—The results of the public survey and summary notes from the Planning for Real
workshops.

* Other Plans and Programs—Projects or actions that have been identified in other plans and
programs such as the Climate Action Plan, Local Energy Assurance Plan, Capital Improvement
Program, etc.

= Capability Assessment—Items listed in the capability assessment that the City does not
currently have and would like to pursue.

= 2010 Natural Hazard Mitigation Plan—Actions that were identified as “carry-over” actions from
the 2010 plan.

Bureaus were asked to include a special emphasis on selecting actions that were identified by the
steering committee and/or identified during the course of the broader public engagement efforts.
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19.3.1 Equity Analysis Screening

After bureaus had performed a cursory review
of potential actions and developed a working
list for inclusion, an equity analysis screening
for each action was performed using the
following question matrix and review tool.
Bureaus were encouraged to make revisions
based on the review or to hold off on the
pursuit of some actions until more information
about equitable implementation could be
identified.

Review Tool

The equity screening review tool presented in
Table 19-2 was developed by the Portland
Bureau of Planning and Sustainability as part
of the Climate Action Plan Equity
Implementation Guide and adapted with

A NOTE ON EQUITY:
The Portland Plan defines equity as follows:

«  When everyone has access to the opportunities necessary
to satisfy their essential needs, advance their well - being
and achieve their full potential. We have a shared fate as
individuals within a community and communities within
society. All communities need the ability to shape their own
present and future. Equity is both the means to healthy
communities and an end that benefits us all.

« Equity concems that are of particular importance in hazard
mitigation include policies and programs that influence an
individual's, household's, or group’s ability to:

(=]

oo oo

Anticipate

Cope with

Respond to, and

Recover from a hazard event.

Policies and programs can enhance or diminish
vulnerability.

guidance from the Portland Officer of Equity and Human Rights. Questions were reviewed and
discussed by bureaus as appropriate during the equity analysis screening process.

Question Matrix

The question matrix (see Table 19-3) was designed as a conversation tool. Bureaus were asked to talk

through these questions for each identified action and were encouraged to have a group discussion
about actions so that multiple perspectives were brought into the screening process.

TETRA TECH
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Table 13-2. Equity Screening

Review Tool

Structural

Programs/
Services

Capital
Investments

Requlation

Planning

How was the target audience included in
the design of the program?

What actions will be taken to ensure that
services and programs are physically
and programmatically accessible and
inclusive?

What are the cnteria for participation or
receipt of benefits?

What are the criteria for prionfizing
projects and investments?

Does the data and information used
consider the demographic, geographic
and real-world expenience of residents
and businessas in the area?

If data gaps exist, what are you using to
guide decisions?

What process will be used to get input
from the community?

How will you reach underserved
populations?

Has analysis been done on the impacts
to communities of color, people with
disabilities, low-income populations,
seniors, children, renters, and other
historically underserved or excluded
groups?

How will impacted communities be able
to leam about and understand changes
with the requlation?

How will the requlation be enforced?
How will impacted communifies be
involved in the planning process?
What measures will be taken to ensure
the process is fair and inclusive?

Is the program or service designed to
meet the needs of underserved and
undemrepresented communities? If not
what would need to be changed fo
ensure their equitable participation?
How will program dollars be allocated
to ensure inclusive and accessible
service delivery?

Does the cost structure of the program
result in disparate use?/Does the fee
structure of the service result in
increased burdens for low-income
communities?

Will the investment provide improved
safety, health, access or opportunity for
the communities who need it most?
How will the underserved people who
currently live and work in the area
benefit from the investment?

Will the requlation provide improved
safety, health, access or opportunity for
the communities who need it most?
How will the regulation alleviate any
cost-burden for those who are already
in a position where it is difficult to pay?

How does the plan prioritize and
address the needs of the most
impacted or vulnerable in the
community?

Does the plan improve safety, health,
access or opportunity for the
communities who need it most?

How will resources shift to ensure
equitable implementation of the plan?

Does this program/service create
unintended consequences for
communities that are underserved and
underrepresented? How will they be
mitigated?

Is there an opportunity to extend
addifional benefits through this
program/service that can help support
the healing of past harms to
communities?

Does the program empower and build
capacity of a community

What measures will be taken to
mitigate the potential impacts of
involuntary displacement in the project?
How will business or employment
opportunity created through the project
be extended to communities of color,
people with disabiliies, and low-income
people?

How will community benefits be
negotiated?

Does the requlation create or inhibit
opportunity for communities of color,
people with disabiliies, and low-income
populations?

Will enforcement disproportionately
negatively affect low-income
communities or communifies of color?
How will this be mitigated?

What measures will be faken to
mitigate the potential impacts of
involuntary displacement?

How will policies support community
development?

What support is needed to build the
community’s ownership and self-
determination with the plan?

a. Procedural equity—ensuring that processes are fair and inclusive in the development and implementation of any program or policy
b. Distributive equity—ensunng that resources or benefits and burdens of a policy or program are distnbuted fairy, priontizing those with
highest need first

G.

accountability and decision-making structures that aim to sustain positive outcomes
Source: BPS Presentation, Climate Acfion Plan and Equity: Connecting the Dots with the Community

Structural equity—a commitment and action to correct past harms and prevent future negative consequences by institutionalizing

18-12
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Table 19-3. Equity Screening Question Matrix

Evaluation Question

1. What issue/problem/risk is the action designed to address? And lssue:
what are the expected benefits? Benefits:
2. Who is the target audience/beneficiary for this action? Who is
affected if no action is taken?
3. How would you classify the mitigation action? (Programs/Service;
Capital Investment; Regulation; Planning). Refer fo guestions in table
above based on your answer fo this question.
4_Will any community groups be involved in the design/implementafion
of this action? (i.e. potential partners)
5. Will this action reduce nisk from natural hazards for the following groups? How?
Communities of color
Persons with disabilities andlor access and functional needs
Households with limited English Proficiency
Renters
Economically disadvantaged families
Seniors (age 65 or older)
Children (under 15 years of age)
6. How could this action benefit the following groups? Or How could this action be modified so that there are benefits?
Communities of color
Persons with disabilities andlor access and functional needs
Households with limited English Proficiency
Renters
Economically disadvantaged families
Seniors (age 65 or older)
Children (under 15 years of age)
7. How could this action burden/negatively impactileave out the following groups, for example through communication, transportation,
physical or programmatic barriers?
Communities of color
Persons with disabilities andlor access and functional needs
Households with limited English Proficiency
Renters
Economically disadvantaged families
Seniors (age 65 or older)
Children (under 15 years of age)
8. If you have identified burdens, bamers, or negative impacts, or
opportunities for benefits please revisit the action to identify strategies
to reduce or eliminate burdens or negative impacts; remove
communication, transportation, physical or programmatic bamers; or
enhance potential benefits.

9. Have you identified a performance metric for evaluating progress on
this action? How will you know when this acfion is complete? (please
provide) Have you considered outcomes for communities of color,
people with disabilifies, low-income families, people with limited
English proficiency, renters, seniors, and children?
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19.3.2 Selected Actions

Table 19-4 shows the 161 actions that were selected for implementation during the performance period
of the MAP. Actions are named and numbered by the lead agency identified for implementation. This
agency will be the primary contact for annual progress reports as discussed in the plan implementation
and maintenance strategy described in Section 0. In addition to the action name and description, the
following information is provided for each identified action:

* Lead agency—The lead agency in administering the project.

* Potential partners—Potential partners that may be able to assist with implementation.

* Hazard addressed— The specific hazard(s) the action will mitigate.

* Action Source—Where the action came from, for example Climate Action Plan or Steering
Committee Recommendation.

* Performance Metric—How the lead agency will measure progress on this action.

= New or existing assets— Indicates whether the action mitigates hazards for new or
existing assets or both.

* Funding—Funding sources identified for the action.

* Timeframe—Timeframe is listed as follows:

MNear-term (plan adoption to May 2018)

Mid-term (June 2018 to December 2021)

Long-term (2022 or beyond)

Existing/on-going (currently underway or annual/semi-annual schedule)
Uncertain (depends on funding/other factors)

YV VYY

* Objectives met—The mitigation plan objectives identified by number that the action
addresses (see Table 17-1).

* In previous plan—Indicates if the action was a carry-over action from the 2010 plan and the
former action item number.

The actions selected are projects, programs, and policies that City of Portland bureaus and offices
hope to implement over the next five years. It is important to note that this action plan includes only
those actions that fall under the jurisdictional authorities of the City of Portland. Many other agencies,
Jurisdictions, districts, and organizations exist within the City of Portland, and have responsibilities
outside of this plan.
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Table 19-4. Actions Selected for Implementation

In Previous

Mew or Existing Plan? (# from
Hazards Addressed Assels Funding Options Timeframe jectives Met revious plan

PBEM-1 — Contfinue to engage and inform the public about hazards, including through a “disaster survivor® storytelling event and
through postcard mailers sent to every household in Porfland with easy-to-understand and graphic-heavy information about hazards and
actionable instructions on how to be prepared. Include information about how to register for Public Alerts with all outreach efforts.
Lead Agency: Poriland Bureau of Emergency Partner Agencies: Office of Neighborhood Involvernent (ONI), Immigrant and Refugee

Management (PBEM) Community of Oregon (IRCO), Local media partners, Coalition of Communifies of Color
Action Source: Public Workshops Performance Metric: # of postcard mailers sent; # of new Public Alerts registrants; # of
attendees at events
All Hazards MNIA Staff Time/Budget Short-term 2,6,8,10,12,15 No
Reallocation

PBEM-2 — Expand the Meighborhood Emergency Team (MET) program into every neighborhood in Porlland and expand beyond the
neighborhood structure to non-geographic and cultural communities (e.g. immigrant and refugee communities, disability community
organizations), and work with Community Engagement Liaisons to provide trainings in languages other than English.

Lead Agency: Portland Bureau of Emergency  Partner Agencies: Community Engagement Liaisons (CELs) program; Office of

Management (PBEM) Meighborhood Involvement (ONI); neighborhood associations
Action Source: Public Workshops Performance Metric: # of additional neighborhoods with established NETs; NET
diversity reporting
All Hazards MNIA Staff Time/Budget Long-term 2,6,8 14,15 No
Reallocation

PBEM-3 — Expand PBEM's capacity to provide community trainings and partner with the Office of Neighborhood Involvernent (ONI),
Diversity in Civic Leadership (DCL) program, Community Engagement Liaisons, and Multnomah County programs, as well as Non-
Governmental Organizations and community-based programs to connect under-resourced and underserved communities with disaster
preparedness, home safety, emergency response, and other fraining opportunities.

Lead Agency: Poriland Bureau of Emergency ' Partner Agencies: Office of Neighborhood Involvemnent (ONI), Diversity in Civic

Management (PBEM) Leadership (DCL) program, Community Engagement Liaisons (CELs) program,
Multnomah County, Non-Governmental Organizations
Action Source: Public Workshops Performance Metric: # of additional frainings provided per year; # of trainings provided
in underserved communities; geographic distribution of training
All Hazards MNIA Staff Time/Budget Long-term 2,6,12, 14,15 No
Reallocation

PBEM-4 — Advocate in regional debris planning process for consideration of equity and environmental justice implications of temporary
debns storage sites.
Lead Agency: Portland Bureau of Emergency  Partner Agencies: Metro

Management (PBEM)
Action Source: 2010 NHMP Performance Metric: Equity and environmental justice promoted as a priority in
identifying temporary debris storage sites.
Earthquake MIA Staff Time Long-term 216 Yes (LT EQ
#11)
PBEM-5 — Support Multnomah County in developing a robust inclusive, and equitable sheltering plan.
Lead Agency: Poriland Bureau of Emergency  Partner Agencies: Multnomah County
Management (PBEM)
Action Source: Steering Committee Performance Metric: Participation in Mulinomah County sheltering plan process.
All Hazards A Staff Time Mid-term 2, 6,16 No
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels Timeframe jectives Met revious plan

PBEM-6— Support public school districts in developing a prioritization strateqy for seismic strengthening of exisfing schools to facilitate
rapid re-opening of schools.
Lead Agency: Poriland Bureau of Emergency  Partner Agencies: public school districts

Management (PBEM)
Action Source: Steering Committee Performance Metric: Participation in priorifization process for seismic strengthening.
Earthquake Existing Staff Time Mid-term 4 511,16 Mo

PBEM-T— Remain informed about inter-agency volcano coordination planning to communicate and understand agency roles and

capabilities and potential sheltering needs for evacuees.

Lead Agency: Poriland Bureau of Emergency  Partner Agencies: Porlland Bureau of Transportation (PBOT), Mount Hood Facilitating

Management (PBEM) Committee

Action Source: 2010 NHMP Performance Metric: City emergency managers aware of volcano coordination plans.
Volcano ) Staff Time Long-term B, 16 Yes (W #1)

PBEM-8— Coordinate with owners and operators of key communications infrasfructure (i.e. internet and telecom) located in

unreinforced masonry (URM) buildings or buildings not designed for the purpose of housing this infrastructure; assess risks to these

assets, and develop a strateqy that identifies alternatives and funding sources for implementing seismic strengthening projects.

Lead Agency: Poriland Bureau of Emergency Partner Agencies: Owners/operators of communications infrastructure

Management (PBEM)

Action Source: PBEM Strategic Plan Performance Metric: Development of a strategy for funding and implementing seismic
sirengthening projects to protect key communications infrastructure.
Earthquake Existing Staff Time Long-term 4 7.10,12,13 MNo

PBEM-9— Update risk assessment information about landslides and develop new MAP achion items based on updated 2017-2018
Department of Geology and Mineral Industries (DOGAMI) landslide data and recommendations.
Lead Agency: Portland Bureau of Emergency ' Partner Agencies: Department of Geology and Mineral Industries (DOGAMI), BDS,

Management (PBEM) MAP Working Group
Action Source: Steering Committee Performance Metric: MAP landslide chapters updated in 2017.
Landslide A Staff Time Short-ferm 10, 16 No

PBEM-10 — Work with Office of Neighborhood Involvement (ONI) Disability Program Coordinator to promote participation in the
Additional Needs Registry through the Public Alerts system.
Lead Agency: Poriland Bureau of Emergency ' Partner Agencies: Office of Neighborhood Involvement (ONI), Porfland Police Bureau

Management (PBEM) (PPB), PF&R, Bureau of Emergency Communications (BOEC), Multnomah County,
Elders in Action
Action Source: PBEM Strategic Plan Pertormance Metric: # of additional registrants for Additional Needs Registry;
All Hazards MNIA Staff Time/Budget Long-term 2,6,9,13,15 No
Reallocation

PBEM-11— Support Bureau of Development Services (BD'S) in implementing recommendations from the City's Unreinforced Masonry
(URM) Seismic Refrofit Project, including promoting and supporting policies for mandatory retrofits of URM buildings. This action needs
high-level support from City Council and Office of Govemment Relations (OGR).

Lead Agency: Portland Bureau of Emergency ' Partner Agencies: BDS, Portland Development Commission (PDC), Office of

Management (PBEM) Government Relations (OGR), Portland Housing Bureau (PHB), City Council
Action Source: PBEM Strategic Plan Performance Metric: Adoption of mandatory retrofit codes; # of city buildings retrofitted;
# of affordable housing units refrofitted
Earthquake Existing Staff Time Long-term 1,4, 11 No
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels Timeframe jectives Met revious plan

PBEM-12 — Audit PEEM's suite of plans to evaluate whether plans meet the needs of people with disabiliies, people with lanquage
barriers, and other access and functional needs populations. Develop a fransition plan to update all plans.
Lead Agency: Portland Bureau of Emergency Partner Agencies: Regional Disaster Preparedness Organization (RDPO), Office of

Management (PBEM) Equity and Human Rights (OEHR), Office of Neighborhood Involvement {ONI)
Action Source: PBEM Strategic Plan Performance Metric: Completion of audit.
All Hazards MNIA Staff Time/Budget Short-term 2,15, 16 No
Reallocation

PBEM-13 — Expand ATC-20 damage assessment frainings and certificafions to non-city employees to increase pool of qualified post-
earthquake building inspectors, including through advertisements to registered Minonty, Women-Cwned, and Emerging Small Business
architecture and sfructural engineening firms.
Lead Agency: Poriland Bureau of Emergency ' Partner Agencies: Oregon Office of Emergency Management (OEM), University of
Management (PBEM) Portland, Structural Engineers Association of Oregon (SEAQ)
Action Source: Steering Committee, PBEM | Performance Metric: # of additional ATC-20 cerifications issued
Strategic Plan

All Hazards MNIA Staff Time/Budget Long-term 6,14,15 No

Reallocation
PBEM-14— Support Multnomah County Drainage District (MCDD) and Levee Ready Columbia in risk assessment and flood response
planning efforts.
Lead Agency: Poriland Bureau of Emergency  Partner Agencies: MCDD, Portland Water Bureau (PWE), BES, PBOT
Management (PBEM)
Action Source: Steering Committee, 2010 Performance Metric: PBEM participation in Levee Ready Columbia meetings and
NHMP planning projects.
Flood Existing Staff Time Long-term 4,5,6 Yes (LT MH
#10)

PBEM-15 — Confinue to involve the public in updating the MAP, including by establishing a standing committee with community
representation to oversee progress reporting and implementation of MAP action tems, and oversee annual updates to the MAP.
Perform outreach consistent with the MAP Community Engagement Strateqy, and ensure reports are written in plain, accessible
language.
Lead Agency: Portland Bureau of Emergency | Partner Agencies: BES, BPS, BDS, PP&R, PFAR, PWB, OEHR, MAP Steering
Management (PBEM) Committee

Action Source: Steering Committee Performance Metric: Commitiee established, meets quarterly, and updates plan
annually.
All Hazards MIA Staff Time Long-term 2,5,6,9,10, 16 Yes (ST MH
#1)

PBEM-16 — Maintain and promote registration in Public Alerts system, including registration in languages other than English, and
improve accessibility of the online interface for languages other than English. Integrate into other public outreach activities.

Lead Agency: Poriland Bureau of Emergency Partner Agencies: Multnomah County, Public Alerts Steering Committee
Management (PBEM)

Action Source: PBEM Strategic Plan Performance Metric: # of new Public Alerts registrants; # of new Public Alerts
regisirants in languages other than English
All Hazards MIA Staff Time/Budget Long-term 2,6,9,13 No
Reallocation
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels Timeframe jectives Met revious plan

PBEM-17 — Hire a permanent planner to help City bureaus update continuity of operations plans and set aside a percentage of ime to
work with key social services organizations such as food banks and homeless shelters to develop continuity of operations plans.

Lead Agency: Poriland Bureau of Emergency  Partner Agencies: Oregon Food Bank, local homeless shelters

Management (PBEM)

Action Source: Steering Committee Performance Metric: Number of social service organizations with continuity of
operations plans.
All Hazards MIA Staff Time Long-term 2,6,14 15, 16 No

PBEM-18— Expand Neighborhood Emergency Team (MET) frainings to include teachers and principals and include informafion about
non-structural retrofits in classrooms.

Lead Agency: Poriland Bureau of Emergency Partner Agencies: BDS, public schoal districts

Management (PBEM)
Action Source: PBEM Strategic Plan, Performance Metric: # of teachers and principals trained
Steening Committes
All Hazards MIA Staff Time Long-term 26,14, 15 No

PBEM-19 — Advocate for implementation of Critical Energy Infrastructure (CEl) Hub Risk Assessment recommendations, including
establishment of Cnfical Energy Infrastructure (CEl) Hub Disaster Resilience Workgroup.
Lead Agency: Portland Bureau of Emergency  Partner Agencies: Office of Government Relations, Regional Disaster Preparedness

Management (PBEM) Organization (RDPO) Policy Committee, City Council
Action Source: CEl Hub Stakeholders Pertormance Metric: CEl Hub Disaster Resilience Workgroup established; CEl Hub
recommendafions implemented
All Hazards Both Staff Time Mid-term 4,510 11 Mo

PBEM-20 — Develop a post-disaster recovery plan to guide posi-disaster redevelopment that considers hazard exposure and relocation
of crifical infrastructure outside of high-hazard areas, prioritizes the restoration of natural systems to mit future hazard impacts, and
includes whole-community recovery strategies to reduce the potential for involuntary displacement.

Lead Agency: Portland Bureau of Emergency  Partner Agencies: BPS

Management (PBEM)
Action Source: Steering Committee, PBEM  Performance Metric: Recovery plan developed.
Strategic Plan
All Hazards Both Staff Time Long-term 2,3,58 11,16 No

PBEM-21 — Increase the City's capacity to establish post-earthquake communication nodes throughout the city after a major
earthquake, including through expansion of fraining and additional communications equipment cache placements for the Basic
Earthquake Emergency Communication Nodes (BEECM) program.

Lead Agency: Poriland Bureau of Emergency  Partner Agencies: Office of Neighborhood Involvemnent (ONI), PF&R, Amateur Radio

Management (PBEM) Emergency Service (ARES)
Action Source: PBEM Strategic Plan Performance Metric: BEECN program at full capacity of 444 trained BEECN
volunteers; BEECN diversity reporting (age, gender, racial identity)
All Hazards MNIA Staff Time/Budget Long-term 2,6,13,14,15 No
Reallocation

PBEM-22 — Develop a Transportation Recovery Plan.
Lead Agency: Portland Bureau of Emergency ' Partner Agencies: Porfland State University (PSU)
Management (PBEM)

Action Source: Steering Committee, PBEM Performance Metric: Transportation Recovery Plan developed.
Strategic Plan

All Hazards Both Budget Allocation Mear-term 4 510,16 Mo
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels Timeframe jectives Met revious plan

PBEM-23 — Develop an emergency communications plan to distribute emergency messages to immigrant and refugee communities in
language-appropriate and culturally appropriate ways.
Lead Agency: Portland Bureau of Emergency  Partner Agencies: Community Engagement Liaisons (CELs) program
Management (PBEM)
Action Source: PBEM Strategic Plan, Public  Performance Metric: communications plan developed
Workshops
All Hazards A Staff Time/Budget Long-term 2,6,14,15,16 No
Reallocation
PBEEM-24 —Through a public process with key stakeholders, create an inventory of fossil fuel facilities and infrastructure in

Portland that includes charactenstics related to seismic safety such as date of consiruction, construction type, and whether
seismic upgrades have been made. This action requires high-level support from City Council.

Lead Agency: Poriland Bureau of Partner Agencies: Bureau of Development Services

Emergency Management (FEEM)

Action Source: Public Comments Performance Metric: Final inventory of fossil fuel infrastructure and facilities.
All Hazards Existing Mew budget allocation Short-term 1,4 6,9 10,12 Mo

PP&R-1 — Consider known natural hazards on Portland Parks & Recreation (PP&R) owned or managed properfies when developing
fufure plans for these properties, to ensure fufure plans do not adversely alter or modify these hazards.
Lead Agency: Portland Parks & Recreation | Partner Agencies: various depending on site

(PPER)
Action Source: PP&R Master Plans Performance Metric: Future Park and Trail Master Plans with known natural hazards
will include discussion of those hazards.
All Hazards Existing Staff Time/GFCIP/System Long-term 3,5,6 Yes (LT FL #3)

Development Charge (SDC)
PP&R-2 — Consistent with PP&R management practices and standard operating procedures, allocate funding for management of
vegetated natural areas with high wildfire danger, including public and private properties.
Lead Agency: Portland Parks & Recreation | Partner Agencies: various depending on site

(PPER)
Action Source: 2010 NHMP Performance Metric: Properfies identified as high wildfire danger are actively
managed.
Wildfire Existing Staff Time/GF/CIP/System Long-term 3,512 Yes (ST WF
Development Charge (SDC) #2)

PP&R-3 — Conduct systematic reviews of Portland's large, publicly owned, wildland fracts regarding fire safety and ecological health to
ensure informed land management decisions.
Lead Agency: Portland Parks & Recreation | Partner Agencies: various depending on site

(PPER)
Action Source: 2010 NHMP Performance Metric: Systematic reviews performed per SOPs and
Parks and Trails plans.
Wildfire Existing Staff Time/GF/CIP/System Long-term 35,6 Yes (ST WF
Development Charge (SDC) #10)

PF&R-1 — Adopt the national “Fire Danger Rating System” and install the signs at key points in the City.
Lead Agency: Poriland Fire & Rescue (PF&R) Partner Agencies: Parks and Recreation

Action Source: 2010 NHMP Performance Metric: Locations for signage identified and all necessary signage placed
in these locations
Wildfire Existing Ewsting PF&R FTEs Mid-term 4,6,10,13, 14, Yes (WF#11)
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assets Timeframe jectives Met revious plan
PF&R-2 — Convene a standing wildland interface fire technical group fo plan for and address wildland urban interface (WUI) hazards.
Lead Agency: Poriland Fire & Rescue (PF&R) Partner Agencies: PBEM, Parks and Recreation

Action Source: 2010 NHMP Performance Metric: Quarterly meeting of standing wildfire interface technical group to
plan for and address WUI hazards of concem
Wildfire Existing Existing PF&R FTEs MNear-term 1,3,4,5,6,7,9,10, | Yes (WF#14)
13, 14

PF&R-3 — Act upon all Mitigation Acfions outlined in the Wildfire Gap Analysis Report.
Lead Agency: Portland Fire & Rescue (PF&R) Partner Agencies: Parks, PBEM

Action Source: 2010 NHMP Performance Metric: All action items in Gap analysis completed
Wildfire Existing Ewusting PF&R FTEs Mid-term 1,3,4,5,6,7,9,10, Yes (WF)
12,13, 14

PF&R-4 — Inventory critical PF&R assets and review cnfical PF&R infrastructure vulnerability and identify a 50-year plan to strengthen,
retrofit, relocate or otherwise increase resiliency.
Lead Agency: Poriland Fire & Rescue (PF&R) Partner Agencies: None
Action Source: Steering Committee Performance Metric: Inventory and Review Completed

Earthquake MNew Existing PF&R FTEs. Mid-term 4 510, 11 MNo
PF&R-5 — Require defensible spaces and water turrets around structures in wildfire risk areas
Lead Agency: Portland Fire & Rescue (PF&R) Partner Agencies: BDS
Action Source: Steering Committee Performance Metric: N/A

Wildfire Mew Existing PF&R FTEs. Mid-term 1,4,5,10,12 No
PF&R-6 — Partner with the Forest Park Conservancy and individual land owners to develop a fire risk reduction plan for Forest Park.
Lead Agency: Portland Fire & Rescue (PF&R) Partner Agencies: Porland Parks & Recreation [PP&R)
Action Source: Steering Committee Performance Metric: Development of Forest Park fire isk reduction plan
Wildfire Mew Existing PF&R FTEs. Mid-term 6,8, 12 13, 14 Mo

PF&R-T — Continue to engage and frain Neighborhood Emergency Team (MET) volunteers to assists with mitigation, response and
recovery efforts post disaster. Ensure training takes place in ADA-accessible fire stations, Neighborhood Emergency Teams (NETs)
perform outreach activities to underrepresented groups.
Lead Agency: Poriland Fire & Rescue (PF&R) Partner Agencies: PBEM
Action Source: Steering Committee Performance Metric: Bi-annual fire staion-based training opportunities for s members.

All Hazards MNew Existing PF&R FTEs. Mear-term 2,6,13, 14,15 Mo
PF&R 8 — Ensure that Additional Meeds Registry Data is appropnately utilized and ensure that emergency responders are aware of
locations of disabled Portlanders.
Lead Agency: Portland Fire & Rescue (PF&R) Partner Agencies: Multnomah County, Bureau of Emergency Communications

(BOEC), PBEM
Action Source: : Steering Committee Pertormance Metric: Ensure that BOEC's Computer Aided Dispatch (CAD) system is
updated with most recent Additional Needs Registry Data.
All Hazards MNew Existing PF&R FTEs. Mear-term 2,613 MNo

PF&R-9 — Perform non-structural assessments and mitigation activiies (e.g. anchor bookcases to the wall).

Lead Agency: Poriland Fire & Rescue (PF&R) Partner Agencies: None

Action Source: : Steering Committee Pertormance Metric: Prioritize mitigation activities at PF&R facilities and implement
high priority mitigafion action items.
Earthquake MNew Existing PF&R FTEs. Long-term 4,10, 11 No
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BPS-1 — Promote and fund energy independence projects in low-income neighborhoods and communifies.
Lead Agency: Bureau of Planning and Partner Agencies: PBEM; Private sector; Bonneville Power Administration (BPA)
Sustainability (BPS)
Action Source: Public Workshops; BPS Performance Metric: Promotional materials / communications created; # projects
Strategic Plan begun or completed
All Hazards | Mew Staff fime Mid-term 2,812 No
Earthquake

BP3-2 — Plan for solar + battery storage systems, which can serve as mini power-supply stations or provide residents the ability to
shelter in place after any electricity supply-disrupting event, at varying scales (project, neighborhood and district) and locations (criical
City faciliies, low-income housing, community gathering spots).

Lead Agency: Bureau of Planning and Partner Agencies: Private sector; Bonneville Power Adminisfration (BPA)
Sustainability (BPS)
Action Source: Public Workshops; BPS Performance Metric: Progress made on complete plan.
Strategic Plan
All Hazards | Mew Staff fime Mid-term 2,4,8,12 No
Earthquake

BP3-3 — Encourage solar + battery storage demonstration projects at catical City facilities, in low-income neighborhoods and in other
sirategic locations.

Lead Agency: Bureau of Planning and Partner Agencies: Private sector; Bonneville Power Adminisfration (BPA)
Sustainability (BPS)
Action Source: Public Workshops; BPS Performance Metric: Successful formation of coalitions | partnerships; # projects begun
Strategic Plan or completed

All hazards / Mew Staff fime Mid-term 2,4,8,12 No

Earthquake
BPS-4 — Explore ability to waive System Development Charge (SDC) for change of use if money will be spent on seismic refrofit
Lead Agency: Bureau of Planning and Partner Agencies: PBEM
Sustainability (BPS)
Action Source: Steering Committee Performance Metric: Completed studies; enactment of new fee waiver

program
Earthguake MNew Staff ime Mear-term 1,48 11, 12 MNo

BPS-5 — Adopt Porfland’s Comprehensive Plan to address Citywide policies, land use improvements and mapping changes related to
natural hazards. This action needs high-level support from City Council.

Lead Agency: Bureau of Planning and Partner Agencies: City Council; all City bureaus
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: Progress made towards adoption of natural hazard elements in
Comprehensive Plan
All hazards Both Staff ime MNear-term 1,3,8,12,15 Yes (LT MH

#1)
BPS5-6 — Support Comprehensive Plan policies and projects that relate to resilience, cimate change and natural hazard mitigation,
response, adaptation and recovery. This action needs high-level support from City Council.

Lead Agency: Bureau of Planning and Partner Agencies: All City bureaus; City Council
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: # Successful projects or implementation of policies related to
resilience, climate change & natural hazard mitigation.
All hazards Existing Staff ime Mid-term 1,3,8,12,15 Yes (LT MH

#1)
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BPS3-T — Support 2015 Climate Action Plan and Climate Change Preparedness Strateqy actions that relate to adaptation planning and
natural hazard mitigafion actions.

Lead Agency: Bureau of Planning and Partner Agencies: City bureaus; County
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: # Successful projects or implementation of policies related to
resilience, climate change & natural hazard mitigation.
All hazards Existing Staff ime Mid-term 3,89 15 Yes (Mew MH
#6)
BPS-8 — Consider natural hazard mitigation in the development of the River Plan/Morth Reach.
Lead Agency: Bureau of Planning and Partner Agencies: BES, PP&R, private sector
Sustainability (BPS)
Action Source: BPS Strategic Plan Performance Metric: # of natural hazard and resilience-related elements included in
the River Plan/Morth Reach
All hazards [ Flood Both Staff ime Mid-term 3,812 No
BPS5-9 — Develop an emergency resumption of service plan for solid waste removal after a disaster event.
Lead Agency: Bureau of Planning and Partner Agencies: PBEM, Porfland Housing Authority (PHA)
Sustainability (BPS)
Action Source: BPS Strategic Plan Performance Metric: Progress made towards development of plan.
All hazards / Both Staff ime Mear-term 458 12.14.15 MNo
Earthquake
BP5-10 — Develop an emergency service plan for solid waste removal in multifamily properties after a disaster event.
Lead Agency: Bureau of Planning and Partner Agencies: PBEM, Porfland Housing Authority (PHA)
Sustainability (BPS)
Action Source: BPS Strategic Plan Performance Metric: Progress made towards development of plan.
All hazards / Both Staff ime Mid-term 2,45 8121415 No
Earthquake
BP5-11 — Develop recommended policies, requlations andlor landscape options for areas at nisk from wildfires.
Lead Agency: Bureau of Planning and Partner Agencies: PBEM, BDS, PF&R, BES, PP&R
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: Progress made towards development of policies,
recommendations andfor regulations.
Wildfire MNew Staff ime Mid-term 3,4,5910,12  Yes (ST WF#T)

BP3-12 — When possible, build mifigation and resiliency education into bureau public events and outreach (e.q., neighborhood
meetings, Fix-it Fairs).

Lead Agency: Bureau of Planning and Partner Agencies: PBEM, Neighborhood Emergency Team (NET)
Sustainability (BPS)
Action Source: BPS Strategic Plan Performance Metric: # of resilience / mitigafion outreach events completed
All hazards Existing Staff ime Mear-term 26,8 12 Mo

BP3-13 — Develop incentives and requlations that promote, encourage andlor require seismic retrofits of private property (such as
mulfi-family, masonry sfructures). This action needs high-level support from City Council and Office of Government Relations (OGR).

Lead Agency: Bureau of Planning and Partner Agencies: Portland Development Commission (PDC), BDS, PBEM, City
Sustainability (BPS) Council, Office of Government Relations (OGR)
Action Source: 2010 NHMP Performance Metric: Progress made towards the development and implementation of
incentive program.
Earthquake MNew Staff fime MNear-term 1.4 11,12 Yes (LT EC #8)
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BP3-14 — Identify ways to encourage, promote or require 1.5, Resiliency Council Certification for new public buildings. This action
needs high-level support from City Council and Office of Government Relations (OGR).

Lead Agency: Bureau of Planning and Partner Agencies: PBEM, City Council, Office of Government Relations (OGR)
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: # of public buildings certified under the U.3. Resiliency Council
Certification program

Earthquake Mew Staff ime Mid-term 1,4,5,15 Yes (LT EQ #8)
BPS5-15 — Priontize retrofitting of structures along emergency fransportation routes.
Lead Agency: Bureau of Planning and Partner Agencies: PBOT, Multnomah County, Oregon Department of Transportation
Sustainability (BPS) (ODOT), PF&R, Portland Police Bureau (PPEB)
Action Source: 2010 NHMP Performance Metric: # or % Buildings retrofitted

Earthquake Mew Staff ime Long-ferm / 58,11,13 Yes (LT EQ #8)

Ongoing

BP3-16 — Use updated floodplain data and maps, including potential climate change scenarios, to inform City and County land use,
transportation, and other infrastructure planning processes.

Lead Agency: Bureau of Planning and Partner Agencies: Multnomah County, BES, PBOT, PBEM, Federal Emergency

Sustainability (BPS) Management Agency (FEMA), Mulinomah County Drainage District (MCDD)

Action Source: BPS Strategic Plan Performance Metric: Progress made towards full incorporation of new floodplain data
into land use planning databases.

Flood, Severe Weather Both Staff ime Mear-term 1,2,4,5 9 10 12 MNo

BPS-17 — Encourage or require private property owners and developers to limit or reduce impervious area at citywide, watershed, site-
specific and distnct scales.

Lead Agency: Bureau of Planning and Partner Agencies: BES, PBOT

Sustainability (BPS)

Action Source: 2010 NHMP Performance Metric: # of successful outreach andfor communication programs
completed.

Flood / Severe weather MNew Staff ime Mid-term 1,3,5 8 12 Yes (LT FL #8)

BPS-18 — Provide safety fraining for day laborers, protect workers’ nghts, and collaborate with Voz to provide a safe place to locate day
laborer services fo encourage employment of local day laborers for post-disaster reconstruction and recovery. This action needs high-
level support from City Council.

Lead Agency: Bureau of Planning and Partner Agencies: Portland Development Commission (PDC), Voz, Gity Council
Sustainability (BPS)
Action Source: 2010 NHMP Performance Metric: worker center established, # safely trainings or cerifications
provided
All Hazards ) Staff fime Mid-term 26,7814 15 16 Mo

BP3-19 — Update the environmental overlay zone, codes and maps to reflect best available science and the location and extent of nsks
associated with natural hazards in Porfland

Lead Agency: Bureau of Planning and Partner Agencies: BES, BDS, PP&R
Sustainability (BPS)
Action Source: New Performance Metric: Acres of natural resources included in the overlay zone
All Hazards Existing Staff ime Mear-term 1,3.4,5 6,8 10,14 Mo

PWB-1 — Confinue to assess the vulnerability of the water system to setsmic events and work toward hardening the backbone system.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A

Action Source: 2010 NHMP Performance Metric: Seismic hardening reduces risk by percent of total risk factors
Earthquake Both Capital Improvement Plan Existing/ 47,910 Yes
(CIP) Ongoing
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PWB-2 — Install remote operating valves to isolate existing river crossings.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Water System Seismic Study | Performance Metric: Valve isolafion reduces risk of water loss following damage

Earthquake Both Capital Improvement Plan Mid-Term 41 No
(CIP)

PWB-3 — Install isolation valves where distnbution system is tied in to backbone.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Water System Seismic Study | Performance Metric: Valve isolafion reduces risk of water loss following damage
All Hazards Both Capital Improvement Plan Existing/ 41 No
(CIP) Ongoing

PWB-4 — Seismically upgrade water pump stations.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Water System Seismic Study  Performance Metric: Seismic upgrades reduce risk to water delivery system
Earthquake MNew Capital Improvement Plan Existing/ 410 No
(CIP) Ongoing

PWB-5 — Confinue to monitor dam safety at Mt Tabor and Washington Park reservoirs.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: State Water Resources

Action Source: Steering Committee Performance Metric: Dam safety reduces flooding risk
Dam Failure Existing Capital Improvement Plan Existing/ 10,9 No
(CIP) Ongoing

PWB-6 — Seismically upgrade water storage tanks.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Water System Seismic Study  Performance Metric: Seismic upgrades reduce vulnerability of water storage tanks
Earthquake MNew Capital Improvement Plan Existing/ 41 No
(CIP) Ongoing

PWB-7 — Plan, design and construct new Willamette River Crossing.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Division of State Lands, Portland Harbor Master
Action Source: Portland Water Bureau (PWB) Performance Metric: Redundancy of water delivery routes across Willamette River

Operations Group ensures adequate water supply to West side
Earthquake MNew Capital Improvement Plan Mid-Term 4,11,2 No
(CIP)

PWB-8 — Plan, design and construct second new Willamette River Crossing.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Division of State Lands, Portland Harbor Master
Action Source: Water System Seismic Study  Performance Metric: Redundancy of water delivery routes across Willamette River
ensures adequate water supply to West side
Earthquake MNew Capital Improvement Plan Long-Temm 42 No
(CIP)
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PWB-9 — Plan, design and construct replacement for 5t. John's River Crossing.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Division of State Lands, Portland Harbor Master

Action Source: Water System Seismic Study  Performance Metric: Redundancy of water delivery routes across Willamette River
ensures adequate water supply to West side

Earthquake MNew Capital Improvement Plan Long-Temm 4,11,2 No
(CIP)

PWB-10 — Partner with University of Washington to participate in the tesfing of the Earthquake Early Warning System.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: University of WA
Action Source: Portland Water Bureau (PWE) Performance Metric: Enhancing early earthquake nofification capability saves lives
Engineering
Earthquake Both Capital Improvement Plan MNear-Term 6,10,13 No
(CIP)

PWB-11 — Coordinate with electrical utilities on tree fall mitigation measures to prevent impacts to Bull Run watershed supply.
Lead Agency: Portland Water Bureau (PWB) | Partner Agencies: Porfland General Electric (PGE), Local Electrical Ufilities
Action Source: Portland Water Bureau (PWEB) Performance Metric: Water disfribution is protected from power outages
Operations Group
Severe Weather Both Capital Improvement Plan MNear-Term 10, 11 No
(CIP)

PWB-12 — Confinue to work in a co-management role with the Oreqgon Department of Forestry, US Forest Senvice and local fire
departments fo respond to and recover from fires in and near the Bull Run watershed.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Oregon Department of Forestry, United States Forest Service
(USFS), Local Fire Depariments

Action Source: Bull Run Watershed Group  Performance Metric: Water supply and distribution is protected from wildfire damage
Recommendations

Wildfire Both Capital Improvement Plan Existing/ 10, 11 No
(CIP) Ongoing

PWB-13 — Confinue to assess the potenfial impacts of climate change on wildfire in the Bull Run watershed.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: National Oceanic and Atmospheric Administration (NOAA)

Action Source: Bull Run Watershed Group | Performance Metric: Ongoing assessment helps to address changes timely
Recommendations

Wildfire Both Capital Improvement Plan Existing/ 9,10 No
(CIP) Ongoing

PWB-14 — Confinue to monitor forest health surveys completed by federal and state agency pariners for the Bull Run watershed.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: United States Forest Service (USFS), Oregon Department of

Forestry
Action Source: Bull Run Watershed Group | Performance Metric: Monitoring forest health surveys helps address issues timely
Recommendations

Wildfire Both Capital Improvement Plan Existing/ 9,10 No
(CIP) Ongoing
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PWB-15 — Update the Bull Run wildfire evacuation plan.

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: United States Forest Service (USFS), Oregon Department of
Forestry, Sandy Fire, Clackamas County Communications, Clackamas Emergency
Management

Action Source: Bull Run Watershed Group Performance Metric: Evacuation planning protects people and property
Recommendations

Wildfire Existing Capital Improvement Plan Existing/ 4 16 No
(CIP) Ongoing

PWB-16 — Identify and prionfize culvert improvements in the Bull Run watershed to manage streamflow and stormwater runoff and
reduce nisks to water quality and infrastructure.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS)

Action Source: Bull Run Watershed Group | Performance Metric: Culvert improvements protect water supply by reducing runoff
Recommendations

Flood Both Capital Improvement Plan Existing/ 41 No
(CIP) Ongoing

PWB-17 — Confinue to assess the potenfial impacts of climate change on flooding in the Bull Run watershed.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: United States Forest Service (USFS), National Oceanic and

Atmosphenic Administrafion (NOAA)
Action Source: Bull Run Watershed Group  Performance Metric: Ongoing assessment of climate change impacts allows for
Recommendations adjustments to protect water supply and prevent flooding
Flood Both Capital Improvement Plan Existing/ 9,10 No
(CIP) Ongoing

PWB-18 — Confinue to assess the potenfial impacts of climate change associated with drought in the Bull Run watershed.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: United States Forest Service (USFS), National Oceanic and
Atmosphenic Administration (NOAA), Oregon Water Resources Department

Action Source: Portland Water Bureau (PWEB) Performance Metric: Ongoing assessment of climate change impacts allows for

Engineering adjustments to protect water supply from drought impacts
Drought Both Capital Improvement Plan Existing/ 9,10 No
(CIP) Ongoing

PWB-19 — Perform seismic/dynamic analysis of Bull Run watershed bridges.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS)

Action Source: Water System Seismic Study  Performance Metric: Seismic analysis helps to plan improvements to prevent damage
to cnfical transportation routes

Earthquake MNew Capital Improvement Plan Mid-Term 9,10 No
(CIP)
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PWB-20 — Continue to implement with the USFS the Portland Water Bureau (PWE) transportation system management plan for
emergency and fire access in Bull Run Watershed.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS)
Action Source: Portland Water Bureau (PWE) | Performance Metric: Implementation of a management plan for emergency and fire

Engineering access fransportation routes protects water supply access
Wildfire Both Capital Improvement Plan Existing/ 5,9 11 No
(CIP) Ongoing

PWB-21 — Continue to partner with electnical ufilities to ensure continuity of elecincal service to the City and the Columbia South Shore
Well field during power outages
Lead Agency: Portland Water Bureau (PWE)  Partner Agencies: Porland General Electric (PGE), Local Electrical Utilities, Pacific

Power & Light
Action Source: 2010 NHMP Performance Metric: Partnership with electrical ufilities to ensure power to the City and
South Shore Well field during power outages ensures uninterrupted water supply
All Hazards Both Capital Improvement Plan Existing/ 4,5, 11 Yes (ST MH
(CIP) Ongoing #8)

PWB-22 — Collaborate with Mulinomah County Drainage District and Port of Portland fo assess flooding impacts from levee failure,

quantify nsks, and identify potential mifigation strategies.

Lead Agency: Portland Water Bureau (PWB) | Partner Agencies: Multnomah County Drainage District (MCDD), Port of Portland,
Multnomah County Levee Ready Columbia, United States Army Corps of Engineers

(USACE)
Action Source: Steering Committee Performance Metric: Prevent flood damage through assessment and mitigation
planning
Flood Both Capital Improvement Plan Mid-Term 45 No

(CIF)

PWB-23 — Make seismic improvements to Columbia South Shore well field and groundwater pump station
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWEB) Performance Metric: Seismic improvements protect water supply and distribution
Operations Group systems
Earthquake MNew Capital Improvement Plan Existing/ 41 No
(CIP) Ongoing

PWB-24 — Install backup transformer(s) at Groundwater Pump Stafions to reduce vulnerability fo power outage.
Lead Agency: Porland Water Bureau (PWB) | Partner Agencies: Porfland General Electric (PGE)
Action Source: Portland Water Bureau (PWE) Performance Metric: Redundancy of power supply system ensures uninterrupted water
Operations Group distribution
All Hazards MNew Capital Improvement Plan Mid-Term 41 No
(CIP)
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PWB-25 — Investigate well treatment options to increase existing well capacity.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWE) Performance Metric: Reducing well deposits increases well holding capacity
Operations Group
All Hazards Both Capital Improvement Plan Long-Temm 4,10,8 No
(CIP)

PWB-26 — Invesfigate hypochlorite generation at ground water pump station to reduce or eliminate the need for out of area delivenes.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWE) Performance Metric: Reducing dependence on out of area deliveries ensures

raions un water freatment when n is damage
Operations Group interrupted water freatment when fransportation network is damaged
All Hazards Both Capital Improvement Plan Mid-Term 4,8, 16 No
(CIP)

PWB-27 — Confinue to research ways to balance the needs between fire flow requirements and water quality requirements.
Lead Agency: Poriland Water Bureau (PWE) | Partner Agencies: Porfland Fire & Rescue (PF&R)

Action Source: Steering Committee Performance Metric: Ensures that water quality is maintained
Wildfire Both Capital Improvement Plan Long-term 9,10 No
(CIP)

PWB-28 — Coordinate with Fleet and PBOT Maintenance Operations to ensure adeguate reserves of diesel fuel and gasoline to
support extended operafions.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Office of Management and Finance (OMF) - Fleet, PBOT

Maintenance Operations
Action Source: Portland Water Bureau (PWE)  Performance Metric: Adequate fuel storage reserves ensures water distribution
Operations Group systems can continue o operate
All Hazards MNew Capital Improvement Plan MNear-Term 11,16 No
(CIP)

PWB-29 — Work with other City bureaus to investigate potential for pre-disaster agreements to provide fuel, shelter, food, water, and
sanitary faciliies, materials, supplies, equipment, and specialty contractors for City response.

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: City bureaus

Action Source: Portland Water Bureau (PWE) Performance Metric: Pre-disaster agreements to provide critical resources will allow for

Engineering quicker emergency response in the event of a disaster
All Hazards Both Capital Improvement Plan MNear-Term 13, 14,15 No
(CIP)

PWB-30 — Partner with Mulinomah County, Metro, Portland Public Schools (PPS), adjacent school districts, and Porland Parks and
Recreation (PP&R) to develop a sheltering plan for city responders and their families.

Lead Agency: Portland Water Bureau (PWB) | Partner Agencies: Multnomah County, Mefro, PPS, local school districts, PP&R
Action Source: Portland Water Bureau (PWE) Performance Metric: Development of a plan and identification of shelter locations for

Engineering responders and their families allows quicker response in disasters
All Hazards Both Capital Improvement Plan MNear-Term 13, 14,15 No
(CIP)
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PWB-31 — Invesfigate availability, capacity, contracting and delivery of portable water treatment plants
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Federal Emergency Management Agency (FEMA), Army National
Guard, Regional Water Providers Consortium

Action Source: Water System Seismic Study  Performance Metric: Ensures availability of potable water after an event

All Hazards MNew Capital Improvement Plan Mid-Term 10, 14 No
(CIP)

PWB-32 — Invesfigate availability and use of food-grade quality tank frucks for distnbution of water following emergencies.
Lead Agency: Poriland Water Bureau (PWE) | Partner Agencies: Federal Emergency Management Agency (FEMA)
Action Source: Water System Seismic Study  Performance Metric: Benefit is potential for expanded water delivery system via tank
trunks
All Hazards MNew Capital Improvement Plan Mid-Term 14,16 No
(CIP)

PWB-33 — Determine number, locafions and types of Emergency Water Distribution Systems, and provide location information to the

public.

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: Federal Emergency Management Agency (FEMA), Regional Water
Providers Consortium

Action Source: Water System Seismic Study  Performance Metric: Water disfribution planning and publication of locations improves
crifical access to potable water following disasters

All Hazards MNew Capital Improvement Plan Mid-Term 14,16 No
(CIP)

PWB-34 — Investigate and implement use of Integrated Public Alert and Warning System (IPAWS) / Wireless Emergency Alerts (WEA)

systems to send alerts from specific cell towers fo cell phones for those in specific locations affected by an event.

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: PBEM; Federal Emergency Management Agency (FEMA);
Multnomah, Clackamas, and Washington Counties

Action Source: Steering Committee Performance Metric: Emergency nofifications save lives
All Hazards Both Capital Improvement Plan MNear-Term B, 13 No
(CIP)

PWB-35 — Develop measures to rapidly isolate damaged porfions of the water conveyance system (most of Vernon 270, Washington
Park 229 and Tabor 270) to minimize water loss and preserve storage

Lead Agency: Poriland Water Bureau (PWE) | Partner Agencies: Porfland Fire & Rescue (PF&R)
Action Source: Water System Seismic Study  Performance Metric: Minimizing water loss ensures adequate water supply

All Hazards MNew Capital Improvement Plan Mid-Term 4 16 No
(CIP)

PWB-36 — Further study the feasibility of seismic valve installation at sirategic locations to protect water supply & storage.
Lead Agency: Poriland Water Bureau (PWE) | Partner Agencies: Porfland Fire & Rescue (PF&R)
Action Source: Portland Water Bureau (PWEB) Performance Metric: Protection of water storage and minimizing seismic impacts

Engineering protects water supply
Earthquake Both Capital Improvement Plan Mid-Term 410 No
(CIP}
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PWB-37 — Participate with PEOT, Multnomah County, Oregon Department of Transportation (ODOT), Metro, Clackamas County and

USFS in an in depth nsk assessment of the bridges to develop and prionfize mitigation projects to ensure connectivity after an event.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: PBOT, Multnomah County, Oregon Department of Transportation
(ODOT), Metro, Clackamas County, United States Forest Service (USFS)

Action Source: Steering Committee Performance Metric: Ensuring access to critical transportation, including bridges,
ensures water delivery despite disaster damage
Earthquake Both Capital Improvement Plan Mid-Term 410,14 No
(CIP)

PWB-38 — Coordinate with Mulinomah County, Clackamas County, Metro, Oregon Department of Transportation (ODOT) and PBOT to
ensure road system access to crfical faciliies including Interstate, Lusted Hill, Headworks, Sandy River Station, pump stations, and
tankireservorr sites.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: PBOT, Multnomah County, Oregon Department of Transportation
(ODOT), Metro, Clackamas County, United States Forest Service (USFS)

Action Source: Portland Water Bureau (PWEB) Performance Metric: Access to critical facilifies following disasters ensures water
Operations Group delivery

All Hazards Both Capital Improvement Plan MNear-Term 410,14 No

(CIP)

PWB-39 — Revise current emergency response plans based on recommendations from the Water Bureau Seismic Study.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: PBEM
Action Source: Water System Seismic Study  Performance Metric: Including seismic risks in planning emergency response is critical
to determine strategies to protect and provide water system maintenance,
transportation, supply and delivery
All Hazards Existing Capital Improvement Plan MNear-Term 10,13, 16 No
(CIP)

PWB-40 — Confinue to support research of best available science and data for space weather and potential impacts fo the City of
Portland, and where possible take steps to increase resilience of city infrastructure to space weather events.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: National Oceanic and Atmospheric Administration (NOAA)

Action Source: Steering Committee Performance Metric: Consideration of potential impacts to communication and other
systems protects water distribufion
Space Weather Both Capital Improvement Plan Existing/ 10,4 No
(CIP) Ongoing
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PWB-41 — Develop main replacement program with earthquake resistant pipe (Kubota ERDIP or US-Pipe TR-EXTREME) in areas of

high permanent ground deformation

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A

Action Source: Water System Seismic Study  Performance Metric: Seismic resiliency for at-risk locations prevents catastrophic
failure

Earthquake Both Capital Improvement Plan Mid-Term 41 No
(CIP)

PWB-42 — Support the creation of a City of Portland Seismic Resiliency Officer position under PBEM to drive citywide resiliency efforts.
This aclion needs high-evel support from City Council.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: City Council, PBEM

Action Source: Steering Committee Performance Metric: Seismic resiliency officer position would assist resiliency efforts
Earthquake Both Capital Improvement Plan MNear-Term 7,16 No
(CIP)

PWB-43 — Coordinate with Commissioner's Office and Office of Government Relations (OGR) fo elevate seismic retrofit funding for
water infrastructure to a high priority on the Cify's legislative agenda. This action needs highJevel support from City Council and Office
of Government Relations (OGR).
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Commissioner's Office, Office of Government Relations (OGR)
Action Source: Portland Water Bureau (PWE)  Performance Metric: Provides a mechanism for requesting seismic improvement
Engineering funding

Earthquake Both Capital Improvement Plan MNear-Term 47 No

(CIP)

PWB-44 — Collaborate with other City bureaus to encourage and expand personal, family and business preparedness plans and
programs.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: City bureaus, PBEM

Action Source: Steering Committee Performance Metric: Personal and family preparedness saves lives; business
preparedness allows continuity. Responders are able to assist more readily if families
are prepared.

Earthquake Both Capital Improvement Plan MNear-Term B, 13 No
(CIP)

PWB-45 — Develop a West-side emergency operations and staging facility for field crews.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWE) | Performance Metric: Ensures access to materials and personnel to respond in
Engineening emergencies.
All Hazards Both Capital Improvement Plan Mid-Term 14,15 No
(CIP)

PWB-46 — Develop a staging plan for stockpiling water system repair materials in strategic locations.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWE) Performance Metric: Ensures repairs despite transportation system damage
Engineering
All Hazards Both Capital Improvement Plan Mid-Term 15,16 No
(CIP}

TETRA TECH 19-31



37242

The Mitigation Action Plan Action Plan and Implementation

In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels [ Timeframe jectives Met revious plan

PWB-47 — Confinue to conduct ongoing emergency response training for all Portland Water Bureau (PWB) employees.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: PBEM
Action Source: Water System Seismic Study  Performance Metric: Ensures organized and effective response to disasters

All Hazards Both Capital Improvement Plan Long-term 15,16 No
(CIP)

PWB-48 — Purchase additional vacuum excavator to facilitate access to water system for maintenance and repairs.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Water System Seismic Study | Performance Metric: Protects assels

All Hazards Both Capital Improvement Plan Mid-Term 4 16 No
(CIP)

PWB-49 — Establish relationships with out-of-state utilities for future Emergency Management Assistance Compact (EMAC)
agreements.
Lead Agency: Portland Water Bureau (PWB) | Partner Agencies: National WARN, out-of-state utilifies
Action Source: Water System Seismic Study  Performance Metric: Ensures power supply in catastrophic outages
All Hazards Both Capital Improvement Plan MNear-Term 14,16 No
(CIP)

PWB-50 — Establish and document PWE reporting standards for both temporary protective measures and permanent repairs in

compliance with Federal Emergency Management Agency (FEMA) guidelines.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Federal Emergency Management Agency (FEMA), PBEM, Oregon
Emergency Management (OEM), Mulinomah County

Action Source: Water System Seismic Study  Performance Metric: Ensures FEMA reimbursement success

All Hazards Both Capital Improvement Plan MNear-Term 14,16 No
(CIP)

PWB-51 — Train PWB responders fo understand and follow protocols for Federal Emergency Management Agency (FEMA) reporting.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: Federal Emergency Management Agency (FEMA), PBEM
Action Source: Water System Seismic Study  Performance Metric: Ensures FEMA reimbursement success

All Hazards Both Capital Improvement Plan MNear-Term 14,16 No
(CIP)

PWB-52 — Upgrade trestles that camry Conduits 2 and 3 of the water delivery system.
Lead Agency: Poriland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS), Clackamas County

Action Source: 2010 NHMP Performance Metric: Upgrade mitigates loss
All Hazards Both Capital Improvement Plan Mid-Term 41 Yes
(CIP)
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PWB-53 — Create redundancy in the water delivery system by burying Conduit 3 under the Sandy River.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: Division of State Lands, Clackamas County

Action Source: 2010 NHMP Performance Metric: Ensures water delivery
All Hazards Both Capital Improvement Plan Long-Temm 41 Yes
(CIP)

PWB-54 — Confinue to mitigate Porfland’s water supply infrastructure and the Bull Run Watershed from landslide hazards; incorporate
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A

Action Source: 2010 NHMP Performance Metric: Mitigates loss due to landslide
Landslide Both Capital Improvement Plan Existing/ 4,10, 11 Yes
(CIP) Ongoing

PWB-55 — Seismically harden Groundwater Transmission Main.

Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: PBOT

Action Source: Water System Seismic Study  Performance Metric: Critical location requiring seismic stability — Protects water
delivery system

Earthquake Both Capital Improvement Plan Long-Temm 41 No
(CIP)

PWB-56 — Seismically harden conduits from Headworks to Powell Butte.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS)
Action Source: Water System Seismic Study  Performance Metric: Seismic resiliency critical to water delivery

Earthquake Both Capital Improvement Plan Long-Term 41 No
(CIP}

PWB-57 — Mitigate landslide hazards for the conduits within the Bull Run watershed.
Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS)
Action Source: Water System Seismic Study ' Performance Metric: Mifigate loss due to landslide

Landslide Both Capital Improvement Plan Long-Temm 41 No
(CIP)

PWB-58 — Make seismic improvements at Headworks.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWEB) Performance Metric: Mifigates loss
Operations Group
Earthquake Both Capital Improvement Plan Long-Temm 41 No
(CIP)

PWB-59 — Make seismic improvements at Lusted Hill Treatment Facility.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: Multnomah County
Action Source: Portland Water Bureau (PWEB) Performance Metric: Mifigates loss
Operations Group
Earthquake Both Capital Improvement Plan Long-Temm 41 No
(CIP)
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PWB-60 — Install remote monitoring sensors and alarms at Bull Run dams to provide an early detection of dam movement or change.

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS), Federal Energy Regulatory
Commission (FERC)

Action Source: Portland Water Bureau (PWE) Performance Metric: Mifigation and early warming would be possible with monitoring
Operations Group
Dam Failure Both Capital Improvement Plan Mid-Term 4,913 No
(CIP)

PWB-61 — Continue to monitor Bull Run Dams 1 and 2 for seismic nsk, floods and landslides

Lead Agency: Portland Water Bureau (PWE) | Partner Agencies: United States Forest Service (USFS), Federal Energy Regulatory
Commission (FERC)
Action Source: Portland Water Bureau (PWE)  Performance Metric: Monitoring allows for early waming and loss mitigation
Engineering
All Hazards Both Capital Improvement Plan Existing/ 49 No
(CIP) Ongoing

PWB-62 — Replace Cast Iron piping with seismically resilient pipe matenal.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: N/A
Action Source: Portland Water Bureau (PWE) Performance Metric: Seismic resilience reduces loss
Operations Group
Earthquake Both Capital Improvement Plan Existing/ 41 No
(CIP) Ongoing

PWB-63 — Establish a pre-disaster inter-bureau agreement with Office of Management and Finance (OMF) - Fleet and PBOT
Maintenance Operations to assign personnel, equipment, and resources to work in coordination with Portland Water Bureau (PWE)
response.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: OMF - Fleet, PBOT Maintenance Operations
Action Source: Portland Water Bureau (PWE) Performance Metric: Continuity of operations is enhanced for all departments
Operations Group

All Hazards Both Capital Improvement Plan MNear-Term 6,7 13 No

(CIP)

PWB-64 — Coordinate with FEMA on results of updated flood-plain mapping on Willamette River for impacts to Portland Water Bureau
(PWE) facilities.
Lead Agency: Poriland Water Bureau (PWE)  Partner Agencies: Federal Emergency Management Agency (FEMA), BES
Action Source: Portland Water Bureau (PWE) Performance Metric: Flood plain mapping and planning for impacts to Portland Water

Operations Group Bureau (PWE) facilities would help with mifigation and alternative water delivery
planning
Flood Both Capital Improvement Plan MNear-Term 6,7 13 No
(CIP)

OMF-1 — Participate in Oregon Solutions project to recertify Multnomah County Drainage District (MCDD) levees.
Lead Agency: Office of Management and Partner Agencies: BDS, Oregon Solufions

Finance (OMF)
Action Source: 2010 NHMP Performance Metric: Staff time and funding for levee recertification.
Flood Existing Staff Time/Budget Long-term 4,5 Yes (LT MH
Reallocation #10)
TETRA TECH
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OMF-2 — Partner with agencies to develop an emergency operations center on the west side of the Willamette River. This action needs
high-level support from City Council.
Lead Agency: Office of Management and Partner Agencies: PBOT, City Budget Office (CBO), Bureau of Emergency

Finance (OMF) Communications (BOEC), Gity Council
Action Source: 2010 NHMP Performance Metric: West side emergency operations center developed and
operational.
All Hazards MNew Staff Time/Budget Long-term 2.4 5,15 Yes (Mew MH
Reallocation #3)

PBOT-1 — Perform risk assessment of bridges; use findings fo develop and priontize miigation projects. Ensure equity fools are used in
Fm‘ F‘“ihm- I“- I.
Lead Agency: PBOT Partner Agencies: PWB
Action Source: Steering Committee Performance Metric: Risk assessment completed and Plan created. Project
priontization has equity critenia.
Earthquake MNew Staff Time/ Hazard Mifigation |  Long Term 4 5 71011 MNo
Grant Program (HMGF) /Pre-
Disaster Mitigation (PDM)
grant
PBOT-2 — |dentify transportation routes likely to be impacted by landslides and identify potential alternate routes based on most likely
scenanos. Communicate potential alternate routes with the public, highlighting the fact that routes may change during actual events.
Ensure this information is available to those with limited English proficiency, as well as seniors and those with disabilities.

Lead Agency: PBOT Partner Agencies: PBEM, Oregon Depariment of Transportation (ODOT)
Action Source: Steering Committee Performance Metric: Routes identified, communication to disadvantaged communities.
(Landslide 95)

Landslide MNew Staff Timef HMGP [PDM Mid-term 45,6 No

PBOT-3 — Design and build facility for PEOT Maintenance Operafions that can operate as a Bureau Incident Command Post following
a large earthquake. Move existing road clearing equipment fo a facility that is not subject to freeway ramp collapse. Engage local
community groups, especially communities of color, in design phase and ensure Minorty, Women Owned Emerging Small Business
confracting meets or exceeds aspirational goals.

Lead Agency: PBOT Partner Agencies: Office of Management and Finance (OMF) — Fleet
Action Source: Hazard Mitigation Catalog Pertormance Metric: Facility designed, funded and built. Community engagement.
Earthquake MNew Staff Time! HMGP /[PDM Mid-term 4 511,13 MNo
PBOT-4 — Perform drainage assessment and mitigate problem areas of right of way where frequent washouts occur during heavy rains.
Lead Agency: PBOT Partner Agencies: Parks, BES, Oregon Depariment of Transportation (ODOT)
Action Source: Hazard Mitigation Catalog Performance Metric: Assessment performed
Severe weather MNew Staff Time/ HMGP/POM Mid-term 345711 No

PBOT-5 — Continue to convene city landslide group after each major landslide occurrence (including large single landslides or multiple
concurrent landslides) to evaluate the city's response and develop lessons leamed.

Lead Agency: PBOT Partner Agencies: PBEM, BDS
Action Source: 2010 NHMP Performance Metric: Landslide group convenes after landslides.
Landslide MIA Staff Time Long-term 9,14, 15 Yes (ST LS #1)
BES-1 — Continue fo implement actions in the 2005 Portland Watershed Management Plan.
Lead Agency: Bureau of Environmental Partner Agencies: N/A
Services (BES)
Action Source: 2010 NHMP Performance Metric: # of green infrastructure projects completed
Erosion, Landslide, MNIA Staff Time Long-term 3.4 Yes (ST MH
Flood #11)
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BES-2 — Engage with the eleciric ufiiies to negotiate priontizing the return of power to treatment plants (Tryon Creek and Columbia
Boulevard), collection system acfive controls and pump stations.

Lead Agency: Bureau of Environmental Partner Agencies: PBEM, Utilities
Services (BES)
Action Source: 2010 NHMP Performance Metric: Agreement with electric utilities executed.
Earthquake MIA Staff Time Mear-Term 4,16 Yes (5T EQ
#)
BES-3 — Complete the BES Resiliency Plan to identify vulnerabilities in the sanitary and combined sewer collection system.
Lead Agency: Bureau of Environmental Partner Agencies: N/A
Services (BES)
Action Source: 2010 NHMP Pertormance Metric: Completion of BES Resiliency Plan.
Earthquake MIA Staff Time Mear-Term 4,16 Yes (5T EQ
#3)

BES-4 — Continue BES' land acquisition program to protect or enhance water quality, hydrology and habitat. Consider the presence of
floodplain and steep slopes in the program’s criteria. When properfies are purchased, remove structures and place deed restrictions to
limit fo open space uses, to protect them as natural resource areas or other green infrastructure in perpetuity.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, Metro
Senvices (BES)
Action Source: 2010 NHMP Performance Metric: # of acres acquired through the Watershed Land Acquisifion
Program.
All Hazards MIA Staff Time, Budget Allocation . Long-term 11,12 Yes (Mew

Reworded MH)
BES-5 — Develop permitting and policy tools fo offset impacts of floodplain development with mitigation on sites that increase flood
storage and enhance ecological functions, consistent with new floodplain regulations.

Lead Agency: Bureau of Environmental Partner Agencies: BDS, Portland Development Commission (PDC)

Services (BES)

Action Source: BES Strategic Plan Performance Metric: Adoption of policies and new permitting requirements.
Flood A Staff Time Mid-term 3,457, 812 No

BES-6 — Continue to fund the Johnson Creek Willing Seller Program to reduce the risks of flooding, while improving natural floodplain
conditions in the watershed.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R
Services (BES)
Action Source: 2010 NHMP Performance Metric: # of acres acquired through the Johnson Creek Willing Seller
Program.
Flood MNIA Staff Time, Budget Allocation  Long-term 3,71 Yes (LT FL #1)

BES-T — Continue to partner with United States Geological Survey (USGS) to maintain and improve river and stream gauges in the
Portland metropolitan area.

Lead Agency: Bureau of Environmental Partner Agencies: PBEM, PBOT
Services (BES)
Action Source: 2010 NHMP Performance Metric: N/A
Flood MIA Staff Time Long-term 9,10 Yes (ST FL#2)
BES-8 — Continue fo provide publicly accessible information on landscaping techniques that reduce water run-off.
Lead Agency: Bureau of Environmental Partner Agencies: East Multnomah Soil and Water Conservation District, West
Services (BES) Multnomah Soil and Water Conservation District, Watershed Councils
Action Source: BES Strategic Plan Performance Metric: N/A
Flood MIA Staff Time Long-term 3,12 No
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BES-9 — Design and conduct a study fo determine the effectiveness of maintenance agreements that require homeowners associations
to manage vegetation in open space fracts when new land divisions are approved.

Lead Agency: Bureau of Environmental Partner Agencies: BDS
Services (BES)
Action Source: 2010 NHMP Performance Metric: Completion of study.
Wildfire MIA Staff Time MNear-Term 3,12 Yes (LT WF

#3)

BES-10 — Update the Stormwater Management Manual on a reqular basis to incorporate best management practices, address
development-related issues and work effectively with natural hydrologic conditions.

Lead Agency: Bureau of Environmental Partner Agencies: BDS
Services (BES)
Action Source: 2010 NHMP Performance Metric: Updates completed.
Flood MIA Staff Time Long-term 1,3, 12 Yes (ST FL
#10)
BES-11 — Investigate design approaches for effectively managing stormwater in landslide-prone areas.
Lead Agency: Bureau of Environmental Partner Agencies: PBOT
Services (BES)
Action Source: 2010 NHMP Performance Metric: Design approaches developed.
Landslide MIA Staff Time Long-term 3,4 5,12 Yes (LT LS #4)

BES-12 — Continue the City's vegefation management, public education programs, and parinerships with watershed councils and the
soil and water conservation districts to prevent erosion along streams and nivers.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, Watershed Councils, Soil and Water Conservation Districts
Services (BES)
Action Source: 2010 NHMP Performance Metric: # of projects completed.

Flood, Landslide MIA Staff Time Long-term 3,6, 12 Yes (ER #1)

BES-13 — Continue to implement projects that retain native veqetation, increase vegetation diversity and increase the complexity of the
vegetation strata (having at least three vegetation strata: herbs, shrubs, trees).

Lead Agency: Bureau of Environmental Partner Agencies: PP&R
Services (BES)
Action Source: 2010 NHMP Pertormance Metric: Acres managed or restored.
Flood, Landslide MIA Staff Time, Budget Allocation Long-term 3,812 Yes (ER #2)

BES-14 — Continue to implement City restoration projects that increase large wood and root wads, which soften the effect of wave
action on shorelines as well as provide habitat for migrating salmonids.

Lead Agency: Bureau of Environmental Partner Agencies: N/A

Services (BES)

Action Source: 2010 NHMP Pertormance Metric: River or stream miles restored with large wood.

Flood MNIA Staff Time, Budget Allocation,  Long-term 3.8 Yes (ER #8)
Hazard Mitigation Assistance
(HMA) (Floodplain & Stream
Restoration, Flood Diversion
& Storage)

BES-15 — Support Early Detection and Rapid Response to control invasive plant and insect populations that threaten forest
infrastructure.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, United States Department of Agriculture (USDA), Oregon
Services (BES) Department of Agriculture (ODA)

Action Source: BES Strategic Plan Performance Metric: N/A

Landslide, Wildfire MIA Staff Time Long-term 3,12 No
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BES-16 — Explore opfions to acquire nghts of first refusal for properties that become non-conforming uses in the floodplain due to
changing requlations. Right of first refusal would be exercised when properties are substantially damaged by a flood event. Consider
establishing an acquisition fund for these properties that amortizes the cost of acquisition over decades.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, Metro
Services (BES)
Action Source: BES Strategic Plan Performance Metric: White paper completed documenting the anticipated
effectiveness of this tool.
Flood MIA Staff Time, HMA Long-term 7,11,12 No

BES-17 — Complete the Stormwater System Plan, including strategies to reduce nisks related fo runoff in areas at nsk of natural
hazards

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, PBOT
Services (BES)
Action Source: BES Strategic Plan Performance Metric: Stormwater System Plan completed.
Landslide, Flood A& Staff Time Mear-Term 3.4 Mo

BES-18 — Continue to implement green infrastructure projects and natural area restoration projects identified in BES' watershed
management plans and system plans.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, PBOT
Services (BES)
Action Source: BES Strategic Plan Pertormance Metric: # and type of projects completed.
Landslide, Flood MNIA Staff Time, HMA (Floodplain Long-term 3.4 No
& Stream Restorafion, Flood
Diversion & Storage)

BES-19 — Pariner with community groups and residents fo plant trees and revegetate nafural areas and open spaces to improve local
hydrology and stormwater management and to promote resiliency of and equitable benefits provided by the urban forest.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, Watershed Councils, Friends of Trees
Services (BES)
Action Source: BES Strategic Plan Pertormance Metric: # of trees planted; # of acres revegetated.
Flood, Landslide MNIA Staff Time Long-term 2,3.15 No

BES-20 — Support Mulinomah County Drainage District (MCDD) in their confinued calibrafion and update of hydraulic models for
conveyance and intemnal flood impacts to the four floodplains managed by MCDD #1.

Lead Agency: Bureau of Environmental Partner Agencies: MCOD
Services (BES)
Action Source: 2010 NHMP Performance Metric: N/A
Flood MIA Staff Time Long-term 5,910 Yes (ST FL #6)

BES-21 —Prwi:letedmicdmﬂamehmpmdhhhmnahﬂmnﬁﬂminage%&hmﬂmﬁmﬂm&mhmdshﬂb&ﬁmlm
failure and develop a risk assessment using the updated general building stock, crfical facility and demographic information developed
for the mitigation action plan.

Lead Agency: Bureau of Environmental Partner Agencies: BPS, MCDD
Services (BES)
Action Source: BES Strategic Plan Performance Metric: N/A
Flood, Dam Failure A& Staff Time Mear-term 2,45 10 Mo

BES-22 — Work with the Federal Emergency Management Agency (FEMA) to remap all City of Portland streams to identify changes in
peak flows and flood extents due to climate change.

Lead Agency: Bureau of Environmental Partner Agencies: Federal Emergency Management Agency (FEMA), United States
Services (BES) Army Corps of Engineers (USACE)
Action Source: BES Strategic Plan Performance Metric: N/A

Flood A& Staff Time Mear-term 3,9 10 MNo
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BES-23 — Where feasible, cost effecive and supported both publicly and politically, restore the natural and beneficial floodplain
functions of appropnate floodplains within the City. For this acfion, appropriate means a floodplain that has been identified through a
master plan or study cerfified by a qualified agency.

Lead Agency: Bureau of Environmental Partner Agencies: PP&R, BDS
Services (BES)
Action Source: Community Rating System  Performance Metric: # of acres of restored floodplain
(CRS)
Flood Both Flood Mitigation Assistance Long-term 1,2,3,4 1 No
(FMA) grant, PDM, HMGP,
Land and Water Conservation
Fund, Johnson Creek Willing
Seller Program

BDS-1 — Increase the responsiveness of the emergency permitting procedures for post-hazard event peniods through development of
procedural plan that considers equity implicaions.

Lead Agency: Bureau of Development Partner Agencies: N/A
Services (BDS)
Action Source: 2010 NHMP Performance Metric: N/A
All Hazards MIA Staff Time MNear-Term 2,15,16 Yes (LT MH

#3)
BDS-2 — Enforce codes relating to wildfire, earthquake, flood, and landslide, including Portland City Code (PCC) 24.51 (fire-safe
matenals), PCC 24 85 (seismic upgrades), PCC 24.50 (local flood hazard mitigation), and develop a publicly accessible landslide code
guide in plain language fo assist developers in complying with landslide-related building codes.

Lead Agency: Bureau of Development Partner Agencies: BPS
Services (BDS)
Action Source: 2010 NHMP Performance Metric: N/A
Wildfire, Earthquake, MIA Staff Time Long-term 1,6,12 Yes (Mew MH
Flood, Landslide #3)

BDS-3 — Develop an ordinance requiring a covenant fo be recorded on the deed for new development in the FEMA special flood hazard
area fo ensure that space below the base fiood elevation is not converted to habitable space.

Lead Agency: Bureau of Development Partner Agencies: N/A
Services (BDS)
Action Source: 2010 NHMP Performance Metric: N/A

Flood MIA Staff Time Mid-term 1,12 Yes (ST FL#1)
BDS- — Encourage and expand personal, family, and business preparedness plans and programs.
Lead Agency: Bureau of Development Partner Agencies: All City bureaus
Services (BDS)
Action Source: Steering Committee Performance Metric: Preparedness fairs; citywide preparedness surveys

All Hazards MIA Staff Time Long-term 1,4, 12 No

BDS-5 — Make information about floodplain zones available to residents when applying for permits.
Lead Agency: Bureau of Development Partner Agencies: N/A
Services (BDS)
Action Source: Steering Committee Performance Metric: N/A

Flood WA Staff Time Mid-term 3,6,12, 15 No
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BDS-6 — Implement recommendations from the City’s Unreinforced Masonry (URM) Work Group.
Lead Agency: Bureau of Development Partner Agencies: PBEM
Services (BDS)
Action Source: Steering Committee Performance Metric: New codes developed.
Earthquake Existing Staff Time, Budget Allocation,  Long-term 1,2,3,6,7,11,12 No
HMA

BDS-T — Continue to coordinate with Multnomah County Drainage District (MCDD) o review permit applications for development near
levees; if a permit is requested for development within the “levee review area”, submit the application to MCDD to review and if
necessary work with developer to revise plans to meet United States Army Corps of Engineers (USACE) requirements for development
on or near federal levees.

Lead Agency: Bureau of Development Partner Agencies: Multnomah County Drainage District (MCDD), BPS
Services (BDS)
Action Source: Stakeholder Input Performance Metric: N/A
Dam Failure, Flood Existing Staff Time Long-term 1,4 No

BDS-8 — Maintain good standing under the Mational Flood Insurance Program by implementing programs that meet or exceed the
minimum NFIP reguirements. Such programs include enforcing an adopted flood damage prevention ordinance, participating in
floodplain mapping updates, and providing public assistance and information on floodplain requirements and impacts.

Lead Agency: Bureau of Development Partner Agencies: Bureau of Environmental Services
Senvices (BDS)
Action Source: NFIP Compliance Pertormance Metric: Continued good standing under the NFIP
Flood MNew and Existing Staff Time Ongoing 1,910 12 No

CAMG-1 — Advocate for bureaus fo consider seismic and landslide nsk when developing capital improvement plans, including plans to
replace water and sewer infrastructure.
Lead Agency: City Asset Managers Group  Partner Agencies: PBEM, BES

(CAMG)

Action Source: 2010 NHMP Performance Metric: Criteria established in Capital Improvement Plan (CIP)
priontization process regarding seismic and landslide hazards.

Earthquake, Landslide Both Staff Time Long-term 1,45 Yes (LT ECQ #3)

CAMG-2 — Consider what the critical assets are in determining mitigation prionfies for City assets, incorporating cntical facilities sk
assessment data from the MAP where relevant.
Lead Agency: City Asset Managers Group  Partner Agencies: PBEM, BES

(CAMG)
Action Source: 2010 NHMP Performance Metric: N/&
All Hazards Existing Staff Time Long-term 257 11 Yes (FL #2)

CAMG-3 — Encourage every bureau to inventory critical assets and review crifical infrastructure vulnerability, and identify a 50-year plan
to strengthen, refrofit, relocate or otherwise increase resiliency. Consider ways to promote city-wide collaboration
Lead Agency: City Asset Managers Group | Partner Agencies: City bureaus, PBEM

(CAMG)
Action Source: Steering Committee Performance Metric: Entire city infrastructure planning is criical to disaster recovery
Earthquake Both Capital Improvement Plan Long-term 5,7 No

(CIP)
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In Previous

MNew or Existing Plan? (# from
Hazards Addressed Assels Funding Options Timeframe biectives Met previ

OEHR-1 — Prior to and during implementafion, review all actions for negative externaliies and to ensure vulnerable populations are

protected from displacement or other disproporfionate burdens.
Lead Agency: Cffice of Equity and Human ~  Partner Agencies: PBEM, BES, BPS, PBOT, PWEB

Rights (OEHR)
Action Source: Steering Committee Pertormance Metric: All actions are reviewed for equity considerations during
implementation planning.
All Hazards MIA Staff Time Long-term 2,814 15 No

19.3.3 Action Plan Benefit-Cost Review

The action plan must be prioritized according to a benefit/cost analysis of the proposed actions

(44 CFR, Section 201.6(c)(3)(ii)). The benefits of proposed projects were weighed against estimated
costs as part of the project prioritization process. The benefit/cost analysis was not as detailed as
required by FEMA for eligibility under the Hazard Mitigation Grant Program (HMGP) and Pre-Disaster
Mitigation (FDM) grant program. A less formal approach was used because some projects may not be
implemented for up to 10 years, and associated costs and benefits could change in that time.
Therefore, a review of apparent benefits versus apparent cost was performed by assigning subjective
ratings (high, medium, and low) to project costs and benefits.

Benefit ratings were defined as follows:

* High: Action will support compliance with a legal mandate or, once completed, will have an
immediate impact on the reduction of risk exposure to life and property.

* Medium: Once completed, action will have a long-term impact on the reduction of risk exposure
to life and property, has a substantial life safety component, or project will provide an immediate
reduction in the risk exposure to property.

* Low: Long-term benefits of the action are difficult to quantify in the short term.

Cost impact ratings were defined as follows:

* High: Would require an increase in revenue via an alternative source (i.e., bonds, grants, fee
increases) to implement. Existing funding levels are not adequate to cover the costs of the
proposed project.

* Medium: Could budget for under existing work-plan, but would require a reapportionment of the
budget or a budget amendment, or the cost of the project would have to be spread over multiple
years.

= Low: Possible to fund under existing budget. Project is or can be part of an existing ongoing
program or would not require substantial effort to initiate or appropriate funds.

Using this approach, projects with positive benefit versus cost ratios (such as high over high, high over
medium, medium over low, etc.) are considered cost-beneficial and are priontized accordingly.

For many of the strategies identified in this action plan, the City may seek financial assistance under
the HMGFP or PDM programs, both of which require detailed benefit/cost analyses. These analyses will
be performed on projects at the time of application using the FEMA benefit-cost model. For projects not
seeking financial assistance from grant programs that require detailed analysis, the City reserves the
right to define “benefits” according to parameters that meet the goals and objectives of this plan.
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19.3.4 Action Plan Prioritization

Using the results of the benefit-cost analysis as well as the other information identified in the action
development process, all identified actions were prioritized in two categories: implementation and grant
pursuit.

Implementation priority was defined as follows:

High Priority—An action that meets multiple objectives, has benefits that exceed cost, has
funding secured or is an ongoing project. High priority actions can be completed in the short-
term or mid-term (1 to 5 years) or are projects that are long-term projects that can be initiated in
the short-term and will have large positive impacts once completed. The key factors for high
priority actions are that they have funding secured and can be completed or initiated in the
short- or mid-term.

Medium Priority—An action that meets multiple objectives, that has benefits that exceed costs,
and for which funding has not yet been secured, but is eligible for funding. Actions can be
completed in the short- or mid-term, once funding is secured, or are projects that are long-term
projects that can be initiated in the short-term and will have large positive impacts once
completed. Medium priority actions will become high priority actions once funding is secured.
The key factors for medium priority actions are that they are eligible for funding, but do not yet
have funding secured, and they can be completed or initiated within the short- or mid-term.

Low Priority—An action that will mitigate the risk of a hazard, that has benefits that do not
exceed the costs or are difficult to quantify, for which funding has not been secured, that is not
eligible for grant funding, and for which the time line for completion is long-term or uncertain.
Low priority actions may be eligible for grant funding from other programs that have not yet
been identified. Low priority projects are generally “blue-sky” or “wish-list.” projects. Financing is
unknown, and they can be completed over the long term.

Grant pursuit priority was defined as follows:

High Priority—An action that has been identified as meeting grant eligibility requirements,
assessed to have high benefits, is listed as high or medium priority, and where local funding
options are unavailable or where dedicated funds could be utilized for projects that are not
eligible for grant funding.

Medium Priority—An action that has been identified as meeting grant eligibility requirements,
assessed to have medium or low benefits, is listed as medium or low prionty, and where local
funding options are unavailable.

Low Priority—An action that has not been identified as meeting grant eligibility requirements,
or has low benefits. Additionally, projects that are already being funded and are likely to
continue to be funded are identified as low grant pursuit priority.

In addition, each action was reviewed to determine if the target audience/beneficiary identified for the
action is one of the groups of focus for the assessment (e.g. people with disabilities, communities of
color, etc.). If so, the priority was noted with an E (e.g. High-E). Results are summarized in Table 19-5.

19-42
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Table 19-5. Prioritization of Mitigation Actions

Grant Pursuit
Priority
(High, Med.,
High
PBEM-2 h Medium Medium Yes No No Medium - E Low-E
PBEM-3 5 Medium = Medium Yes No Mo Medium - E Low-E
PBEM-4 2 2 Low Low Yes No Yes High Low
PBEM-5 2 3 Medium Low Yes No Yes High Low
PBEM-6 7 4 Medium Low Yes Mo Yes Medium Low
PBEM-T 2 2 Low Low Yes No Yes High Low
PBEM-8 2 5 Medium Medium Yes No Yes High Low
PBEM-9 2 2 Low Low Yes No Yes High Low
PBEM-10 h Medium Low Yes No Yes High—E Low-E
PBEM-114a 3 High High Yes Yes Mo Medium - E High-E
PBEM-12 4 3 Medium Low Yes No Yes High - E Low-E
PBEM-13 3 Medium Low Yes No Yes High Low
PBEM-14 2 3 Low Low Yes Mo Yes Medium Low
PBEM-15 4 B Medium Low Yes No Yes High Low
PBEM-16 4 Medium Medium Yes No No Medium-E Low-E
PBEM-17 5 Medium = Medium Yes No Mo Medium-E Low-E
PBEM-18 @ 4 Medium Low Yes Mo Yes High-E Low-E
PBEM-19 4 Medium = Medium Yes No Mo High Low
PBEM-20 4 & Medium Medium Yes No MNo Medium-E Low-E
PBEM-21 5 Medium = Medium Yes No Mo High Low
PBEM-22 4 4 Low Low Yes Yes Yes High Low
PBEM-23 a 5 High  Medium Yes No Mo High-E Low-E
PBEM-24 B Medium Medium Yes No No Medium Low
PP&R-12 3 Low Low Yes Mo Yes Medium Low
PP&R-2 3 Medium Low Yes No Yes High Low
PP&R-3 3 Low Low Yes No Yes High Low
PF&R-1 ] Medium Low Yes Mo Yes Medium Low
PF&R-2 4 10 High Low Yes Mo Yes High Low
PF&R-3 4 11 Medium Medium Yes Yes Yes Medium Low
PF&R-4 2 4 High High Yes Yes Mo Medium Medium
PF&R-5a h Medium Medium Yes No No Low Low
PF&R-6 5 Medium Low Yes Yes Yes Medium/ Low
PF&R-74 5 Medium Low Yes No Yes Low Low
PF&R-8 3 Medium Low Yes Mo Yes Medium Low
PF&R-9 3 Medium Medium Yes Yes No Medium Medium
BP5-1 3 High High Yes No Mo High -E High-E
BPS-2 4 High High Yes No No High-E High-E
BPS-3 4 High High Yes No Mo High-E High-E
BPS5-4 h Medium Low Yes No No Low Low
BPS-5 4 5 High Low Yes No Yes High Low
TETRA TECH
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Grant Pursuit

Brion
(High, Med.,

4 Yes
BP5-8a 3 Medium Medium Yes No No Medium Low
BP5-9a B High High Yes Yes (PDM) No High High
BPS-104 T High High Yes Yes (PDM) No High-E High-E
BPS5-114 & Medium Medium Yes No Mo Low Low
BPS-124 4 High Low Yes Mo Yes Medium Medium
BP5-134 4 High High Yes Mo No High Medium
BPS-144 4 Medium Medium Yes Mo No Medium Medium
BP5-15 4 High  Medium Yes No Mo High High
BPS-164 [ High Low Yes Yes (POM, Yes High Low
FMA)

BP5-174a 5 Medium = Medium Yes Mo Mo Low Low
BPS-18 T Medium Medium Yes No No Medium-E Low-E
BP5-194 8 High  Medium Yes Yes (PDM) No Medium Medium
PWB-14 4 High High Yes Yes Yes High High
PWB-2 2 High  Medium Yes Yes Yes Medium Medium
PWB-3 2 High High Yes Yes Yes High High
PWB-4 2 High  Medium Yes Yes Yes Medium Medium
PWB-5 2 High Low Yes Yes Yes High High
PWB-6 2 High  Medium Yes Yes Yes Medium Medium
PWB-7 3 High High Yes Yes Yes High High
PWB-8 2 High High Yes Yes Yes Medium Medium
PWB-9 3 High High Yes Yes Yes Medium Medium
PWB-10 3 High Low Yes Yes Yes Medium Medium
PWB-11 2 High Low Yes Yes Yes Medium Medium
PWB-12 2 High Low Yes Yes Yes High High
PWB-13 2 High Low Yes Yes Yes Medium Medium
PWB-14 2 High Low Yes Yes Yes Medium Medium
PWB-15 2 2 High Low Yes Yes Yes Medium Medium
PWB-16 2 High  Medium Yes Yes Yes Medium Medium
PWB-17 2 High Low Yes Yes Yes Medium Medium
PWB-18 2 High Low Yes Yes Yes Medium Medium
PWB-19 2 High Low Yes Yes Yes Medium Medium
PWB-20 2 3 High Low Yes Yes Yes High High
PWB-21 3 High  Medium Yes Yes Yes Medium Medium
PWB-22 2 2 High Low Yes Yes Yes Medium Medium
PWB-23 2 High High Yes Yes Yes High High
PWB-24 2 High High Yes Yes Yes Medium Medium
PWB-25 3 High Low Yes Yes Yes Medium Medium
PWB-26 3 High Low Yes Yes Yes Medium Medium
PWB-27 2 High Low Yes Yes Yes Medium Medium
PWB-28 2 2 High Low Yes Yes Yes Medium Medium
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Grant Pursuit
Priority
(High, Med.,
PWB-29 4 3 High Low Yes Yes Yes High High
PWB-30 2 3 High Low Yes Yes Yes Medium Medium
PWB-31 2 High Low Yes Yes Yes Medium Medium
PWB-32 2 High Low Yes Yes Yes Medium Medium
PWB-33 2 High Low Yes Yes Yes Medium Medium
PWB-34 2 High  Medium Yes Yes Yes Medium Medium
PWB-35 2 High  Medium Yes Yes Yes High High
PWB-36 2 High Low Yes Yes Yes Medium Medium
PWB-37 2 3 High Low Yes Yes Yes Medium Medium
PWB-38 2 3 High Low Yes Yes Yes High High
PWB-39 2 3 High Low Yes Yes Yes Medium Medium
PWRB-40 2 2 High Low Yes Yes Yes Low Low
PWB-41 2 2 High High Yes Yes Yes Medium Medium
PWB-42 2 2 High Low Yes Yes Yes Medium Medium
PWB-43 2 2 High Low Yes Yes Yes High High
PWB-44 2 High Low Yes Yes Yes High High
PWB-45 2 High High Yes Yes Yes Medium Medium
PWB-46 2 2 High Low Yes Yes Yes Medium Medium
PWB-47 2 High Low Yes Yes Yes High High
PWB-48 2 High  Medium Yes Yes Yes Medium Medium
PWB-49 2 High Low Yes Yes Yes High High
PWB-50 2 High Low Yes Yes Yes High High
PWB-51 2 High Low Yes Yes Yes High High
PWB-52 2 High High Yes Yes Yes Medium Medium
PWB-53 2 High High Yes Yes Yes Medium Medium
PWB-54 2 3 High High Yes Yes Yes Medium Medium
PWB-55 2 High High Yes Yes Yes High High
PWB-56 2 High High Yes Yes Yes High High
PWB-57 2 High High Yes Yes Yes High High
PWB-58 2 High High Yes Yes Yes High High
PWB-59 2 High High Yes Yes Yes High High
PWB-60 3 High  Medium Yes Yes Yes Medium Medium
PWB-61 2 High Low Yes Yes Yes High High
PWB-62 2 High High Yes Yes Yes Medium Medium
PWB-63 2 3 High Low Yes Yes Yes Medium Medium
PWB-64 2 3 High Low Yes Yes Yes Medium Medium
OMF-14a 2 Medium Low Yes No Yes High Low
OMF-2 4 Medium = Medium Yes No Yes High Low
PBOT-12 ] Medium Medium Yes Yes Yes High Medium
PBOT-2 3 Medium Low Yes Yes Yes High Medium
PBOT-3 4 High High Yes Yes No Medium Medium
PBOT-4 5 Medium = Medium Yes Yes Yes Medium Low
PBOT-54 3 Low Low Yes No Yes High Low
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Grant Pursuit
Priority
(High, Med.,
BES-14 2 High Low Yes Mo Yes High Low
BES-2 2 High Low Yes No Yes High Low
BES-34 2 High  Medium Yes No Yes High Low
BES-4 2 High High Yes Yes No High High
BES-5 4 & High Low Yes No Yes High Low
BES-6 3 High High Yes No Yes High Low
BES-7 2 High Low Yes No Yes High Low
BES-8 2 Medium Low Yes No Yes High Low
BES-9 2 Medium Low Yes Mo No Medium Low
BES-10 3 High Low Yes No Yes High Low
BES-11 4 Medium Low Yes MNo Yes High Low
BES-12 3 High Low Yes No Yes High Low
BES-13 3 High Low Yes No Yes High Low
BES-14 2 Medium Low Yes Yes Yes High High
BES-15 2 Medium Low Yes No Yes High Low
BES-16 3 High High Yes Yes No Medium Medium
BES-174 2 High  Medium Yes No Yes High Low
BES-184 2 High  Medium Yes Yes Yes High High
BES-19 3 Medium Low Yes MNo Yes High Low
BES-204 3 Low Low Yes Mo Yes High Low
BES-214 4 Low Low Yes Mo Yes High Low
BES-22 4 3 Low Low Yes Mo Yes High Low
BES-23 5 High  Medium Yes Yes Mo Medium High
BDS-1 3 Medium Medium Yes No No Medium Low
BDS-2 2 3 High Low Yes Mo Yes High Low
BDS-32 2 Medium Low Yes No Yes High Low
BDS-4 3 High Low Yes No Yes High Low
BDS-5 4 Medium Low Yes No Yes High Low
BDS-6 7 High High Yes Yes MNo Medium Medium
BDS-742 2 Medium Low Yes No Yes High Low
BDS-84 4 High Low Yes Mo Yes High Low
CAMG-14 3 Medium  Low Yes Nao Yes High Low
CAMG-2 @ 4 Medium  Low Yes ] Yes High Low
CAMG-3 3 2 High  Medium Yes Yes Yes High High
OEHR-1 4 Medium = Medium Yes Mo Yes High-£ Low-E

a.  Action was identified as a plan integration action by the planning team. See Section 19.5.5 for more information.
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19.3.5 Analysis of Mitigation Actions

Mitigation Types

Each recommended action was classified based on the hazard it addresses and the type of mitigation it
involves. Table 19-6 shows the classification based on this analysis. Mitigation types are defined as
follows:

* Prevention—Government, administrative or requlatory actions that influence the way land and
buildings are developed to reduce hazard losses. Includes planning and zoning, floodplain laws,
capital improvement programs, open space preservation, and storm water management
regulations.

* Property Protection—Modification of buildings or structures to protect them from a hazard or
removal of structures from a hazard area. Includes acquisition, elevation, relocation, structural
retrofit, storm shutters, and shatter-resistant glass.

* Public Education and Awareness—Actions to inform citizens and elected officials about
hazards and ways to mitigate them. Includes outreach projects, real estate disclosure, hazard
information centers, and school-age and adult education.

* Natural Resource Protection—Actions that minimize hazard loss and preserve or restore the
functions of natural systems. Includes sediment and erosion control, stream cormidor restoration,
watershed management, forest and vegetation management, and wetland restoration and
preservation.

* Emergency Services—Actions that protect people and property during and immediately after a
hazard event. Includes warning systems, emergency response services, and the protection of
essential facilities.

* Structural Projects—Actions that involve the construction of structures to reduce the impact of
a hazard. Includes dams, setback levees, floodwalls, retaining walls, and safe rooms.

* Community Capacity Building—Actions that identify, strengthen or link the community’s
tangible and intangible resources. Includes investing in food independence projects (ex.
community gardens), promoting and supporting rain water collection systems, alternative energy
sources (ex. solar power, wind power, micro-level hydro power), culturally appropnate
community-level training for emergency and trauma response.

Objectives Met

Each recommended action also identifies the objectives that the action supports. Table 19-7 shows the
recommended actions and the corresponding objectives.
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Table 19-6. Analysis of Mitigation Actions b

Mitig

ation Type

Actions That Address the Hazard, by Mitigation Type

Community

Education and | Resource | Emergency Capacity
Awareness | Protection Building
AllHazards « PBEM-1219, « PBEM-19,12 '« PBEM-1,2 3, = BES4 = PBEM-2, 5, 10, « PBEM-2, 3,
20,22 = PWB-3, 24, 10,15, 16, 18 12,16, 17, 18, 15,17, 18,
« PP&RA1 35, 38,52, 53 = PF&R-T 19, 23 19,23, 24
« BPS-5 6,7, 8 =« BESHA « BPS-3 12 = PF&R-7.8 « PF&R-T
19 = CAMG-2 « PWE-34 = BPS-2,9,10 « BPS1, 2,
= PWB-21, 25, « BDS4 = PWEB-3, 21, 24, 18
26,46 49, 50, 28,29 30,31,
91,64 32,33, 35, 38,
« BESA 39,46 47 48,
« BDS-1 49, 50, 51, 61,
« OEHR-1 63
= OMF-2
= BDS4
Severe « BPS-16,17 = PBOTHA = BPSAT
Weather « PBOT-4 PWE-11
Earthquake « PBEM-11 = PBEM-6,8, = BPS-3 44 = PBEMA, 8, « BPS-1,
« PFERA4, = PF&R-49 « BDS6 = BPS-2,9,10 « PWB-42
« BPS4, 13,14, = BPS-15 = PWEB-2 10, 44 « PBOT-3
19 = PWB-, 2, 3, = BES-2
« PWE-36, 37, 467,89,
42 43 44 19, 23, 36, 37,
« BES-2 3 41, 55, 56, 58,
» BDS2,6 59, 62
« CAMG- = PBOT-1,3
= BDS-6
= CAMG-1,3
Landslide « PBEM-9 = PWB-54 57 = PBOT-2 = BES, 12, = PBOT-2 « BES- « BES-19
« PBOT-5 = BESA « BES-1,12,19 13, 15, 18,
« BES-1, 11,12, = CAMGA « BDS-2 19
17
« BDS-2
« CAMG-
Wildfire « PF&R-1, 3,5, « PFER-1,3 = PP&R-2, = PF&R-3 « PFRR-2 3,
& 3, = PWEB-12, 15, &
« BPS6 11 = PF&R-3 20
« PWEB-12 13, = PWEB-14
15, 27 = BES-9 15
« BES9
« BDS-2
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Actions That Address the Hazard, by Mitigation Type
Community

Education and | Resource Emergency S Capacity
Awareness | Protection Services j

Flood « PBEM-14 = BES-1,6,16 = BES-1,7.8 = PWB-17 = PBEM-14 +« PWB-16 + BES-19
« BPS-8 16,17 = BD3-3 12,19 = BES-1,5, = PWEB-24 « OMF-1
« PWB-1T, 22, + BDS-5 6,12,13, =« BEST 2 + BES1
B4 14, 18, 19,
« BES, 5, 23
BES-8, 10, 12,
16,17, 20, 21,
22,
« BDS-2 3,5,
7.8
Volcanic . + PBEM7
Activity
Dam Failure « PWB-5 = PWB-6D
« BDS-T
Drought s PWBE-18
Space « PWE-40
Weather
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Objective
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Objective
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19.4 PLAN ADOPTION

A hazard mitigation plan must document that it has been formally adopted by the governing body of the
Jjurisdiction requesting federal approval of the plan (44 CFR Section 201.6(c)(5)). DMA compliance and
its benefits cannot be achieved until the plan is adopted. This plan will be submitted for a pre-adoption
review to the Oregon Office of Emergency Management, FEMA Region X, and the Insurance Services
Office, Inc. prior to adoption. Once pre-adoption approval has been provided, the City of Portland will
formally adopt the plan. A copy of the resolution is provided in Figure 19-1.
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Insert Adoption Resolution
Figure 19-1. Resolution Adopting The Mitigation Action Plan
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19.5 PLAN IMPLEMENTATION AND MAINTENANCE STRATEGY

A hazard mitigation plan must present a plan maintenance process that includes the following (44 CFR
Section 201.6(c)(4)):

* A section describing the method and schedule of monitoring, evaluating, and updating the
mitigation plan over a 5-year cycle.

= A process by which local governments incorporate the requirements of the mitigation plan into
other planning mechanisms, such as comprehensive or capital improvement plans, when
appropriate.

* A discussion on how the community will continue public participation in the plan maintenance
process.

This section details the formal process that will ensure that The Mitigation Action Plan remains an
active and relevant document and that the City maintains its eligibility for applicable funding sources. It
includes the establishment of a Mitigation Action Plan Working Group and a schedule for monitoring
and evaluating the plan annually and producing an updated plan every 5 years. The plan’s format
allows sections to be reviewed and updated when new data become available, resulting in a plan that
will remain current and relevant.

19.5.1 Plan Implementation

The effectiveness of the MAP depends on its implementation and the incorporation of its actions into
existing plans, policies and programs. Together, the action items in the plan provide a framework for
activities that the City of Portland, with support from stakeholders, will work to implement over the next
5 years. The planning team and the steering committee have established a vision, a mission, goals and
objectives and have prioritized mitigation actions that will be implemented through existing plans,
policies, and programs. The plan will be evaluated based on how effectively the implementation of the
mitigation actions have been at reducing risk in Portland and in meeting plan goals. Lead agencies for
all selected mitigation actions have identified performance metrics to help evaluate the success of the
MAP. The effectiveness of the MAFP will also be assessed at the next update by the new working group
through a review of the changes in risk that occurred over the performance period and by the degree to
which mitigation goals and objectives were incorporated into existing plans, policies and programs.

The Portland Bureau of Emergency Management (PBEM) will have lead responsibility for coordinating
and tracking the plan implementation and maintenance strategy. Plan implementation and evaluation
will be a shared responsibility among all bureaus and offices identified as lead agencies in the
mitigation action plan and all other jurisdictions that may link to this plan.

19.5.2 Mitigation Action Plan Working Group

The hazard mitigation steering committee was a volunteer body that oversaw this update of the plan. It
was the steering committee’s position that an oversight committee with representation similar to that of
the steering committee should have an active role in the plan implementation and maintenance.
Therefore, a Mitigation Action Plan Working Group will be formed to remain a viable body involved in
key elements of the plan implementation and maintenance strategy. This working group should strive to
include representation from stakeholders in Portland as well as Bureau representatives. The Mitigation
Action Plan Working Group will work toward fulfilling the following responsibilities:

 Continuing to provide feedback and guidance on equity concerns;
» Coordinating action implementation;
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* Providing feedback on possible avenues for continued public engagement;

* Coordinating with the Office of Governmental Relations annually to determine what hazard
mitigation related items should be advocated for during their annual agenda setting;

* Reviewing and contributing to the annual progress report; and

* Providing input and recommendations on possible enhancements to be considered at the next
plan update.

Future plan updates will be overseen by a steering committee similar to the one that participated in this
update, so keeping an interim group intact will provide a head start on future updates. The Mitigation
Action Plan Working Group will meet biannually to work toward the objectives outlined in this
implementation and maintenance strategy. PBEM will coordinate the meetings, which likely will be held
in March and September.

19.5.3 Equity Implementation Guide

The steering committee recommends that equity analysis and screening be camed forward as actions
are implemented. The Mitigation Action Plan Working Group will provide suggestions, guidance and
feedback in the development of a natural hazard mitigation equity implementation guide. It is expected
that this guide will build upon or be adapted from previous best practices and recommendations such
as those in the Climate Action Plan Equity Implementation Guide or the East Portland Action Plan's
Involuntary Displacement Prevention Recommendations for East Portland. Special attention will be paid
to best practices for collecting data, using information gathered to inform other processes and
identifying and expanding accountability mechanisms.

19.5.4 Annual Progress Report

The lead agencies identified for action item implementation will participate in annual progress reporting,
led by PBEM. This progress report will be presented to and reviewed by the Mitigation Action Plan
Working Group. The intent of the progress report will be to evaluate the progress on the implementation
of the action plan during a 12-month performance period. This review will include items such as the
following:

« Summary of any hazard events that occurred during the performance peniod and the impact
these events had on Portland;

* Review of the data utilized for this planning process as well as identified gaps and identification
of any newly available or updated datasets;

= Listing of any newly published or updated reports or studies that should be incorporated into the
next plan update process;

* Review of any upcoming local planning efforts that should be integrated with the MAP

* Review of any changes that would impact risk in Portland (e.g. decommissioning or reservoir or
annexation)

* Review of mitigation success stories;

* Review of continuing public engagement;

» Bnef discussion about why actions were not completed or have not been initiated;

* Reevaluation of the action plan to determine if the timeline for identified projects needs to be
amended (such as changing a long-term project to a short-term project because of new
funding);

* Review of data that was or should be collected for an equity identified actions (e.g. High-E)

= Changes in or potential for new funding options (grant opportunities);
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* Review of the Steering Committee recommended actions (see Appendix |) and
recommendations for new actions based on new or enhanced capabilities identified by lead
agencies or next steps in actions identified in the 2016 action plan;

* Impacts of changes in other planning programs or projects that involve hazard mitigation; and

« Identification of training needs or additional guidance, such as benefit-cost analysis or E-grants
training or additional equity guidance.

The planning team has created a template for preparing a progress report (see Appendix K). The
Mitigation Action Plan Working Group and identified lead agencies will provide feedback to PEEM on
items included in the template. PBEM staff will compile the information into a formal annual report on
the progress of the plan, which will be presented to the mitigation action plan working group for their
review and comment. This report will be disseminated as follows:

* Posted on the PBEM website dedicated to the MAP;

* Provided to the local media through a press release;

* Presented to the City of Portland City Council to inform them of the progress of mitigation
actions implemented during the reporting period; and

* Provided as part of the CRS annual re-certification package.

The annual progress report should be compiled in August of each year, reviewed by the committee in
September, and be finalized before October 1 each year.

19.5.5 Incorporation into Other Planning Mechanisms

The information on hazard, risk, vulnerability and mitigation contained in The Mitigation Action Plan and
cited throughout is based on the best available science and technology. Plan integration is the
incorporation of this information into other relevant planning mechanisms, such as general planning and
capital facilities planning. It includes the integration of natural hazard information and mitigation
policies, principles and actions into local planning mechanisms and vice versa, as well as the
encouragement of collaborative planning and inter-agency coordination (FEMA, 2015c).

Plan Integration During the 2010 NHMP Performance Period

The 2010 NHMP identified three main activities to incorporate the NHMP requirements into other
planning mechanisms as appropriate during the performance period of the plan (44 CFR Section
201.6(c)(4))):

« Conduct a review of community-specific reqgulatory tools to assess the integration of the
mitigation strategy. These regulatory tools were identified in the capability assessment section.

* Track implemented mitigation actions to determine their success or failure, to determine road
blocks to implementation, and identify potential comrective actions.

 Work with community members to increase awareness of the NHMP and provide assistance in
integrating the mitigation strategy into relevant planning mechanisms. Implementation of these
requirements may require updating or amending specific planning mechanisms.

Although the status of these specific activities was not tracked closely during the performance period,
the City did make progress on integrating and incorporating the NHMP into locally relevant plans and
programs. The planning team conducted a review of the 2010 NHMP mitigation actions and identified
51 actions that addressed integration into local planning mechanisms and/or collaborative planning.
During the performance period of the plan, 19 (37 percent) of these actions were completed, 23

(45 percent) were carried over to the 2016 MAFP, and 9 (18 percent) were removed due to a lack of
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feasibility. More information on the status of these actions can be found in Table 19-1. The following
plans and programs were specifically identified by participating bureaus to have integrated the goals,
risk assessment or recommendations of the 2010 NHMP or vice versa:

* Portland Comprehensive Plan

= Climate Action Plan

= PBEM Strategic Plan

+ Portland Parks & Recreation Master Plan

= BPS Strategic Plan

= BES Strategic Plan

 Portland Water Bureau (PWB) Water System Seismic Study
+ Johnson Creek Restoration Plan

* Portland Watershed Management.

Plan Integration for the Mitigation Action Plan

Implementation of the MAP has and will continue to enhance and expand the integration efforts of the
2010 NHMP. During the update process, The Portland Plan, the draft Comprehensive Plan, Capital
Investment Plans, the Climate Action Plan, and other plans were reviewed for relevant community
goals, policies and actions. Inter-agency coordination occurred through involvement by local, regional,
state and federal stakeholders involved in and consulted with during the planning process. This
coordination is expected to continue through the Mitigation Action Plan working group activities, annual
progress reporting, implementation coordination and the continued public engagement outlined below.

As the plan is implemented, all City bureaus will use information from this updated plan as the best
available science and data on natural hazards impacting the City of Portland. Bureaus were asked to
review the capability assessment and identify codes, plans and programs that provide opportunities for
integration and include these as actions in the MAP. Seventy actions related to plan integration have
been identified by the planning team and recommended for implementation in this plan. Progress will
be reported annually through the progress reporting process described above. New opportunities for
integration will be identified as part of the annual progress report.

19.5.6 Implementation Coordination

It is anticipated that upon completion of this plan, there will be interest among the lead agencies in
pursuing grant funding under FEMA hazard mitigation grant programs and other relevant programs. In
order to keep lead agencies informed of these opportunities and to coordinate grant pursuits, the PBEM
staff person charged with coordinating the implementation of this plan will strive to:

« Coordinate with lead agencies and stakeholders through scheduling mitigation action plan
working group meetings; and

* Monitor HMGP grant funding opportunities identified in this plan, maintain accountability of other
lead agencies to monitor funding opportunities for their actions, and coordinate with other lead
agencies to seek funding when such opportunities become available.

PBEM will strive to coordinate the working group sessions as needed and with enough lead time to plan
for pursuing Hazard Mitigation Assistance funds, which typically open in March or April. At working
group sessions, agenda topics will be devoted to the following:

« Identify and refine projects or actions that are recommendations of this plan so that eligible, well-
planned, vetted projects can be submitted for consideration when funding opportunities arise;
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» Identify and develop sftrategies for incorporating mitigation projects into existing budgets,
schedules, and planning mechanisms;

» Identify additional opportunities for plan integration; and

* Provide input for the annual progress report.

Plan Update

The City of Portland intends to continue to update the MAP on a 5-year cycle from the date of final plan
approval. This cycle may be accelerated to less than 5 years based on the following triggers:

» A federal disaster declaration that impacts Portland;
= A hazard event that causes loss of life; or
= A comprehensive update of the City's Comprehensive Plan.

It will not be the intent of future updates to develop a complete new natural hazard mitigation plan for
Portland. The update will, at a minimum, include the following elements:

* The update process will be convened through a steering committee.

= The goals and objectives will be reviewed to evaluate the effectiveness of the plan.

= The hazard nisk assessment will be reviewed and, if necessary, updated using best available
information and technologies.

* The action plan will be reviewed and revised to account for any actions completed, dropped, or
changed and to account for changes in the risk assessment or new policies identified under other
planning mechanisms.

* The equity implementation strategy will be reviewed to see if adjustments are needed and if
equity-flagged projects are meeting their equity objectives.

* The draft update will be sent to appropriate agencies and organizations for comment.

* The public will be given an opportunity to comment on the update prior to adoption.

* The City Council and govemning boards of any planning partners will adopt the updated plan.

The plan update process will be led by the Portland Bureau of Emergency Management. All lead
agencies and relevant stakeholders will be asked to participate in the plan update process.

19.5.7 Continued Public Engagement and Access

The public will continue to be apprised of the plan’s progress through the hazard mitigation website and
through the provision of copies of the annual progress reports to the media. The website will not only
house the final plan, it will continue to be the one-stop shop for information regarding the plan and plan
implementation. A mechanism for providing comments on the mitigation plan and on the
implementation of actions will be available via the website. Additionally, PBEM will strive to include
information on the website that clearly outlines available data on mitigation projects and hazard risk and
mechanisms to evaluate progress.

Additional public engagement will be pursued as opportunities arise or as recommended by the
Mitigation Action Plan Working Group. This may include activities such as utilizing existing networks
and communication systems to distribute the annual progress report, speaking to groups upon request
and as resources allow, and recorded webinars or other online engagement.

Upon initiation of future update processes, a new public engagement strategy will be initiated based on
guidance from a new steering committee and the recommendations of the mitigation action plan
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working group. This strategy will be based on the needs and capabilities of the City of Portland and any
planning partners at the time of the update.
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20. LINKAGE PROCEDURES

The federal Disaster Mitigation Act broadly defines local government to encompass more than city and
county governments. The DMA's definition of local government also includes local jurisdictional
authorities such as schools or special purpose districts. The benefits of the DMA extend to these
governments if the planning requirements are met. Not all eligible local governments in the City of
Portland are currently covered by approved, adopted local hazard mitigation plans. Some or all of these
local governments may wish to develop and adopt DMA-compliant plans to gain eligibility for relevant
grant programs.

In order to promote the wise use of resources, enhance communication and collaboration among local
governments, and encourage regional consistency, the City of Portland has developed linkage
procedures that define requirements for completing a DMA-compliant annex to this plan. This linkage
procedure will substantially reduce the level of effort for linking jurisdictions in plan development, as
many of the components of the MAP development process will be used to support annex development.
Mo currently non-DMA compliant jurisdiction in Portland is obligated to link to this plan. These
jurisdictions can choose to not seek compliance or to develop their own “complete” plan that addresses
all required elements for such plans.

Eligible jurisdictions located in Portland may link to this plan at any point during the plan’s performance
period (5 years after final approval). Eligibility will be determined by the following factors:

* The linking jurisdiction is a local government as defined by the Disaster Mitigation Act.

* The boundaries or service area of the linking jurisdiction is completely contained within the
boundaries of Portland established during the 2016 MAP development process.

* The linking jurisdiction’s critical facilities were included in the critical facility and infrastructure
risk assessment completed during the 2016 plan development process.

It is expected that linking jurisdictions will complete the following requirements and submit a completed

annex to the lead agency (FBEM) for review within six months of submitting a letter of intent to link to
the MAP:

= The eligible jurisdiction requests a “Linkage Package” by contacting the Point of Contact (POC)
for the plan:

Jonna Papaefthimiou

Planning and Preparedness Manager, PBEM
Phone: 503-823-3809

Email: jonnap@portlandoregon.gov

* The POC will provide a linkage procedure package that includes linkage information and a
linkage tool-kit:

» Linkage Information
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o Procedures for linking to the Mitigation Action Plan (MAFP)
o Expectations for linking jurnisdictions
o A sample “letter of intent” to link to the MAP
o A copy of Section 201.6 of 44 CFR, which defines the federal requirements for a

local natural hazard mitigation plan.
» Linkage Tool-Kit

Copy of the approved MAP

A special purpose district template that will form the basis of the annex

Instructions for completing the annex

Facility-specific results of the critical facility risk assessment (for official use only)

A catalog of mitigation best practices

An annex review check-list

A sample resolution for plan adoption

ArcMap files and associated database for map production consistent with the MAP.

oo oo 0o 00

The linking jurisdiction will be required to review the MAP, which includes the following key
components:

Vision, mission, goals and objectives

Risk assessment

Comprehensive review of altematives

Equity analysis screening process

Action priontization scheme

Plan implementation and maintenance procedures.

YVV¥V¥YVYY

Once this review is complete, the linking jurisdiction will submit a letter of intent to link to the
MAFP and complete its annex using the template and instructions provided by the POC.

The development of the new jurisdiction’s annex must not be completed by one individual in
isolation. The jurisdiction must develop, implement and describe a public engagement strategy
and a methodology to identify and vet jurisdiction-specific actions. The original plan
development involved extensive public outreach and engagement and is described in Part 1 of
the MAP. Since linking jurisdictions were not explicitly covered by these strategies, they will
have to initiate new strategies and describe them in their annex. Although linking jurisdictions
will need to conduct their own public engagement, they are encouraged to use the results of the
extensive public engagement conducted during development of the MAP to help inform their
selection of actions (for example, the results of the public survey and Planning for Real
Workshops). For consistency, linking jurisdictions are encouraged to develop and implement
strategies similar to those described in this plan; however, the City of Portland recognizes that
linking jurisdictions may have fewer staff and resources available to support such efforts. Ata
minimum, a linking jurisdiction must develop a strategy that meets the minimum requirements
outlined in the DMA.

The methodology to identify actions should include a comprehensive range of specific mitigation
actions and projects being considered to reduce the effects of each hazard and a description of
the process by which chosen actions were identified. As part of this process, linking junsdictions
should coordinate the selection of actions amongst the junisdiction’s various departments.

Once its public engagement strategy and template are completed, the new jurisdiction will
submit the completed package to the POC for a pre-adoption review to ensure conformance
with the plan format and linkage procedure requirements.

20-2
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The POC will review for the following:

» Documentation of public engagement and action plan development strategies

» Conformance of template entries with guidelines outlined in instructions

» Chosen actions are consistent with vision, mission, goals, objectives and mitigation
catalog of the MAP.

# A designated point of contact

» A completed FEMA plan review crosswalk.

Plans will be reviewed by the POC and submitted to Oregon Office of Emergency Management
(OEM) for review and approval.

OEM will review plans for state compliance. Non-compliant plans are returned to the lead
agency for correction. Compliant plans are forwarded to FEMA for review with annotation as to
the adoption status.

FEMA reviews the linking jurisdiction’s plan in association with the approved plan to ensure
DMA compliance. FEMA notifies the new jurisdiction of the results of review with copies to OEM
and the approved plan lead agency.

Linking jurisdiction corrects plan shortfalls (if necessary) and resubmits to OEM through the
approved plan lead agency.

For plans with no shortfalls from the FEMA review that have not been adopted, the new
Jurisdiction governing authority adopts the plan and forwards adoption resolution to FEMA with
copies to lead agency and OEM.

FEMA regional director notifies the new jurisdiction’s governing authority of the plan’s approval.

The new jurisdiction plan is then included with the City plan, and the linking jurisdiction is committed to
participate in the ongoing plan implementation and maintenance strategies and should have at least
one regularly attending representative on the Mitigation Action Plan working group.
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