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Kent Yu, PhD, PE, SE
SEFT Consulting Group

An Implementation Example of Oregon 
Resilience Plan for Functional Recovery



Cascadia Subduction Zone
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Oregon Resilience Plan

5
(Download it from http://www.oregon.gov/OMD/OEM/osspac/docs/Oregon_Resilience_Plan_Final.pdf)

50-year Comprehensive Plan

Cascadia Earthquake Scenario
Business/Workforce Continuity
Coastal Communities
Critical & Essential Buildings
Transportation
Energy 
 Information and 

Communication
Water & Wastewater 

http://www.oregon.gov/OMD/OEM/osspac/docs/Oregon_Resilience_Plan_Final.pdf


Business and Workforce Continuity

• Business can only tolerate two to four weeks of 
disruption of essential services 



Significant Resilience Gaps
Critical Services Zone Estimated Average 

Recovery Time

Electricity Valley 1 to 3 months

Drinking Water Valley 6 months to 1 year

Sewer Valley 1 to 3 years +

Top-priority highways (partial 
restoration)

Valley 6 to 12 months

Critical Building 
Category

Zone Estimated 
Average 
Recovery Time

Resilience Target

Healthcare Facilities Valley 18 months Immediate

Police and Fire 
Stations

Valley 2 to 4 months Immediate

Emergency Shelters Valley 18 months 72 hours

K-8  Valley 18 months 30 days

High Schools Valley 18 months 30 days



ORP Level of Service Goals for Water
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0-24 
Hours

1-3 
Days

3-7 
Days

1-2 
Weeks

2-4
 Weeks

1-3 
Months

3-6 
Months

6-12 
Months

Potable water available at supply 
source (WTP, wells, impoundment) R Y G X

Main transmission facilities, pipes, 
pump stations, and reservoirs 
(backbone) operational

G X

Water supply to critical facilities 
available Y G X

Water for fire suppression – at key 
supply points G X

Water for fire suppression – at fire 
hydrants R Y G X

Water available at community 
distribution centers/points Y G X

Distribution system operational R Y G X

Legend:
80-90% Operational G
50-60% Operational Y
20-30% Operational R

Current State/90% Operational X

Event Occurs



Raw Water Intake Pump Station
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1. Performance Objective
• Operational at 2,500-year 

Earthquake Hazard
2. Foundation 
3. Buried Pipelines
4. Structural
5. Nonstructural 

• Seismic Certification
• Seismic Bracing and anchorage

6. Dependencies 
• Local lifelines coordination Source: Mike Britch, TVWD



Portland Metro Emergency Drink Water 
Framework

Source: National Incident Management System (2017)2022



Thank You
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Katherine J. Johnson, Social Scientist, National Institute of 
Standards and Technology (NIST)
May 20, 2025

Session: “Developing and Implementing Functional Recovery 
Framework for Lifeline Infrastructure Systems”
Co-Presenters: Craig A. Davis, Kent Yu, Ayse Hortacsu 
Moderator: Ron Eguchi

Developing Capacity for 
Collaborative Progress 
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Leading up to today:

2016
2014

2013

2011

2005
(est. 1998)

2015

2023

2019

2023 2024
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Congressional Report & Focus on 
Target Recovery Times 

2021

From NIST SP 1269
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Functional Recovery 
at the Asset Scale

➢Design enables an 
asset to be occupied 
and repaired/ 
reused more quickly 
than current code

From NIST RB 4r1
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Definitions of Functional Recovery (emphasis for lifelines)

• {basic intended functions or} basic services are less than full pre-
earthquake functionality, but more than what would be considered the 
minimum functionally sufficient {for reoccupancy of buildings, or} for 
temporary provision of lifeline services

• the {building or} lifeline can be maintained, or restored, to safely and 
adequately support {the basic intended functions, or} the basic services 
associated with {the pre-earthquake use or occupancy of a building, or} 
the pre-earthquake service level of a lifeline infrastructure system

Developed from NIST SP 1254 and NIST SP 1310
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• Participating in NIBS Lifeline 
Infrastructure Hub

• Continuing work to implement the 
Initial Framework for Lifelines 
Functional Recovery

• Research and production of tools to 
support decision-making related to 
risk-reduction investments: TRIP$

Ongoing Efforts

Forthcoming Report
(expected July 2025) 

Functional Recovery 
Performance Targets 

Workshop Report

Provides additional insights 
on “need-by” timeframes for 

functional recovery of 
functions/services by subject 

matter experts



Thank You
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Craig Davis, C. A. Davis Engineering
Katherine (Jo) Johnson, National Institute of Standards and 
Technology
Ayse Hortacsu, Applied Technology Council

Designing Lifeline 
Infrastructure Systems for 
Post-Earthquake Recovery



NIST SP 1310 & 1311 “Initial 
Framework to Design 
Lifeline Infrastructure for 
Post-Earthquake Functional 
Recovery” Published March 2024

NIST 
project funding & guidance Katherine (Jo) Johnson

Applied Technology Council Ayse Hortacsu, Project Manager 

Project Technical Committee
Craig Davis, Laurie A. Johnson, Anne Kiremidjian, Alexis 
Kwasinski, Thomas D. O’Rourke, Ellis Stanley, Kent Yu, Farzin 
Zareian

Project Review Panel Don Cutler, Leon Kempner, Ryan Kersting, Katie Miller
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Process Summary 
Applicable to all Lifeline Infrastructure Systems

• After deciding to address functional recovery,
• Identify the basic service recovery time objectives 
• Design each component to withstand levels of damage against the seismic 

hazards to which they are exposed (e.g., shaking, landslide, liquefaction, …)
• Prepare organizational policies and strategies to meet the targeted objectives
• The components making up the supply/collection chain to the more critical 

customers are designed to have lower possibility of damage
• Component and system-level performance incorporates the dependencies 

upon services from other systems
• Perform an assessment of the system, including recovery modeling, to 

determine if the objectives can be met
• If not, make changes
• If so, the component and system designs + organizational/group policies and 

strategies are assumed to be sufficient 
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Prepare the systems 
to Meet Recovery 

Objectives 
Through 

Physical Assets and 
Organizational 

Actions
Using 

Performance-Based 
Procedures

NIST SP 1310 
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Built Infrastructure 
(Assets)         

Objectives 

Human Agency 
(Organizational Actions) 

Objectives 

Assess Performance and 
Recovery Time Capability 

Are Objectives 
Met? 

Revise Assets, 
Organization 

and/or the System 
Performance and 

Recovery Time 
Objectives 

Yes No 
Finalize Assets, 

Organization and 
Performance and 

Recovery Time 
Objectives  
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Select Target System Performance and 
Recovery Time Objectives  

3rd Party and User 
Response Actions 

Objectives 

Services from the 
Infrastructure System  

Services through 
Adaptations 

Lifeline Infrastructure System 

External to Lifeline 
Infrastructure System 

Develop Preliminary 
Design 

Develop Preliminary 
Policies & Strategies 

Performance-Based 
Procedures for 

Assets and 
Organizational 

Actions



Recovery Based Objectives
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The basic service recovery objectives 
defined by the needs of the communities served, not from the 
existing lifeline infrastructure layout or functionality.
Establish the future resilience improvements in the systems

FEMA report P-2234 (soon to be published) provides a 
methodology to identify target basic service recovery 
objectives for user types with consideration of necessary user 
adaptations.



 

Define Component Criticality 
Category 

*Revising performance and recovery time 
objective require transparent communications 
with authorities and service users. 

Define Earthquake Design Basis  

Revise Design 
and/or 

Objectives* 

Check Multiple Use, Continuity, 
and Redundancy 

Define System Layout and Operational 
Characteristics  

Establish Component Objectives - 
Maximum Level of Damage and 

Return to Operation Time  

Assess Performance and 
Repair Time  

Are Objectives 
met?  

Finalize Component 
Designs 

Develop Preliminary Design 

No Yes 
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Proceed to System-Level 
Performance and Recovery 

Assess the intensity of seismic 
hazards potentially impacting 
components of any Criticality 

Category accounting for 
uncertainty. 

Define earthquake hazards 
potentially impacting component 
(ground shaking and permanent 

ground movements)  

Identify 
Dependencies and 
Interdependencies 

A1 

A2 

A3 

A4 

A6 

A7 

A5 
A

ss
et

s 
Fr

am
ew

or
k

Component-level design process flow

 

*Revising performance and recovery time 
objectives require transparent communications 
with authorities and service users. 

Revise System 
Recovery Time 
Factors and/or 
Recovery Time 

Objectives* 

Identify the Recovery Time Factors from 
both Assets and Organizational Actions 

Frameworks 

Assess System Performance 
and Recovery Time 

Are Objectives 
Met?  

Finalize System Design 
No Yes 

Define and quantify earthquake events 
potentially impacting the system 

(geographically dependent ground 
shaking and permanent ground 

movements). 

Recovery Time Factors: component damage, 
redundancy and isolation, dependent service 

losses, available resources, system 
adaptation, and earthquake impacts at 

community-level. 

A8 

A9 

A10 

Organizational Actions 

System-level assessment validation process 

See NIST SP 1310 for more description

• The System is to be designed to meet targeted 
objectives 

• Components are designed to prepare the system 
to meet the targeted objectives



NIST (2024) Steps for Assets Framework
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• Step A1: Define System Layout and Operational Characteristics
• Step A2: Define Criticality Category and Earthquake Design Basis for System Components
• Step A3: Check Multiple Use, Continuity, and Redundancy
• Step A4: Establish Component Objectives - Maximum Level of Damage and Repair Time
• Step A5: Identify Dependent Services
• Step A6: Develop Preliminary Design
• Step A7: Assess the Component Performance and Repair Time, Compare with Target Objectives
• Step A8: Identify Recovery Time Factors
• Step A9: Assess System Performance and Recovery Time
• Step A10: Compare System Assessment Results with Target Objectives
• Step A11: Report System Assessment Results



See NIST SP 1310 for more description

• The System is to be designed to meet targeted 
objectives 

• Group policies and procedures are to prepare the 
system to meet the targeted objectives

Identify Essential Functions, 
Resources, and Groups 

*Revised performance and recovery time 
objectives require transparent communications 
with authorities and service users.

Assess Internal and External 
Coordination

Revise Group 
Requirements 

and/or the 
Performance and 

Recovery Time 
Objectives*

Establish Responsibilities, 
Resources, Capacities and Recovery 

Time Objectives for Functional 
Recovery

Assess Performance and 
Recovery Time Capability

Are Objectives 
Met? Finalize Group Policies and 

Strategies

Develop Preliminary Group Policies 
and Strategies 

No Yes
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Proceed to System-Level 
Performance & Recovery

O1

O2

O3

O4

O5
Define earthquake event sizes 

potentially impacting the system 
consistent with the objectives and 

the asset portion of the framework.

Identify all Organizational 
Groups and their Functions 

O6
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Group-level design process flow System-level assessment validation process 



NIST (2024) Steps for Organizational Actions  Framework
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• Step O1: Identify Groups within the Organization and their Functions
• Step O2: Identify Organizational Essential Functions, Resources, and Groups
• Step O3: Assess Internal and External Coordination
• Step O4: Establish Responsibilities, Resources, Capabilities, and Recovery Time Objectives 
• Step O5: Develop Group-Level Policies and Strategies
• Step O6: Assess Group Performance and Recovery Capability and Compare with Group’s Target 

Objectives
• Step O7: Identify Recovery Time Factors
• Step O8: Assess System Performance and Recovery Time
• Step O9: Compare System Assessment Results with Target Objectives
• Step O10: Report System Assessment Results



Example applications to Water, Wastewater, and Electric 
Power Systems - Hypothetical City

Centerville (Credit: NIST Center of Excellence) 

Trunk Line

Forced Line

Pump Station

Wastewater 
Treatment 

Plant

W
at

er
W

as
te

w
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er
El

ec
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ic
 P

ow
er

In Vol. 2, NIST SP 1311
Shows how the framework is relevant to 
multiple lifeline infrastructure systems 
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Strategies for Resilient Infrastructure
Ayse Hortacsu 
Director of Projects,  Applied Technology Council (ATC)
May 20, 2025

Session: “Developing and Implementing Functional Recovery Framework for 
Lifeline Infrastructure Systems”
Co-Presenters: Jo Johnson, Craig A. Davis, Kent Yu
Moderator: Ron Eguchi
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NIST SP 1310 Initial framework
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Objectives 
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Objectives 
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Select Target System Performance and 
Recovery Time Objectives  

3rd Party and User 
Response Actions 

Objectives 

Services from the 
Infrastructure System  

Services through 
Adaptations 

Lifeline Infrastructure System 

External to Lifeline 
Infrastructure System 

Develop Preliminary 
Design 

Develop Preliminary 
Policies & Strategies 



“Initial Framework”
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The processes apply to all lifeline 
infrastructure systems
The format is set up to allow more detailed 
information to be created for each 
infrastructure system
The process is useful for establishing 
consistent performance-based procedures 
for every component within each system

Also:
To accomplish consistency there needs to be 
a common method for establishing service 
recovery time objectives for all 
infrastructure systems 

 

Built Infrastructure 
(Assets)         

Objectives 

Human Agency 
(Organizational Actions) 

Objectives 

Assess Performance and 
Recovery Time Capability 

Are Objectives 
Met? 
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and/or the System 
Performance and 

Recovery Time 
Objectives 

Yes No 
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Select Target System Performance and 
Recovery Time Objectives  

3rd Party and User 
Response Actions 

Objectives 

Services from the 
Infrastructure System  

Services through 
Adaptations 

Lifeline Infrastructure System 

External to Lifeline 
Infrastructure System 

Develop Preliminary 
Design 

Develop Preliminary 
Policies & Strategies 



Supply and Demand

What does 
the community 
need?

What can the 
system 
provide?

• types of users
• types of uses
• availability of 

adaptations
• organizational 

actions
• consequences due 

to lack of services

Community 
Engagement

Analytical 
Modeling

• hazard scenario
• system 

information
• dependencies
• parameters for 

measuring 
services ACTION PLAN

• enact policies
• mitigate assets
• establish organizational 

actions
• communicate
…iterate!



Future needs:

MORE RESEARCH
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• Hazard definition
• Component and system fragility
• Translating asset-level design to 

system-level performance
• Improved models for assets and 

organizational actions
• Interdependencies
• Post-disaster data collection
• Cost and time estimates for 

repairs
• Recovery time factors



Future needs:

POLICIES AND 
PROCEDURES

• There are currently no policies 
requiring lifeline infrastructure 
systems to be prepared to 
recover services in a timely 
manner following any major 
natural hazard event. 

• Lifeline infrastructure systems 
are owned and operated by 
many different types of agencies 
and organizations. 

• Lifeline infrastructure system 
owners and operators need to 
first commit to the concepts for 
functional recovery and then 
implement them over time. 
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Implementation 
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Questions for the Panel
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