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Introduction
Since 2006, the Portland Water Bureau has been using and integrating asset management
into all areas of project and budget planning. In 2008, Water Bureau management
developed a strategic plan that included eight strategic objectives. The Asset Management
Program at the bureau directly supports six of the strategic objectives and indirectly
supports all of the bureau’s work. Table 1 shows the six Portland Water Bureau strategic
objectives that the Asset Management Program supports. 1,2
Table 1. Portland Water Bureau Strategic Objectives and Related Asset Management Program
Actions
Strategic Objective

Related AM Program Actions

Promote engagement of the community

Consult retail customers about service levels

Improve maintenance of aging water system
infrastructure

Implement strategies from the asset
management plans and the practices of
reliability centered maintenance

Employ efficient and effective management
practices

Implement risk evaluation and mitigation
recommendations, continue business case
evaluations, support decision-making based
on remaining economic life

Increase flexibility and preparedness to meet
future challenges

Improve performance using benchmarking
and forecast replacement needs

Continue to incorporate sustainability into
the bureau’s everyday work

Use triple-bottom-line measures for decisionmaking

Continue to invest in recruiting, retaining,
and developing a knowledgeable, multiskilled, and culturally competent workforce

Provide training for improved asset
management competency

Since 2007, the bureau has developed six strategies as key objectives for asset management:
•

Manage risks of asset failure

•

Implement whole-of-life asset planning and make decisions using triple-bottom-line
measures

The two strategic objectives not directly tied to Asset Management Program actions are: “Provide
excellent water for our customers” and “Comply with federal regulations using practical, locally driven
solutions.”

1

2 In early 2016 the bureau began efforts to update the 2008-2011 Strategic Plan. This table refers to the
published strategic objectives in the 2008-2011 Strategic Plan.

1. Level of Service Targets and Stakeholder Consultation

8

Asset Management Progress Report for 2015

Policy and Planning

•

Identify water-system assets and groups, assess conditions, and estimate remaining
economic life and replacement costs

•

Implement maintenance, repair, and replacement strategies that optimize asset useful
life-cycle cost while maintaining desired level of service.

•

Forecast infrastructure replacement needs and funding requirements

•

Understand and implement leading business practices for managing assets

In August 2015, an executive-level committee, the Asset Management Steering Committee,
approved a two-year Asset Management Tactical Plan. The tactical plan describes
accomplishments, goals, and recommendations for the coming two-year period in 15
tactical areas. This first-year report describes the progress that the bureau has made
implementing asset management practices as of December 2015. In future years, the yearend report will cover progress made since the publication of the preceding report.
This progress report is divided into five focus areas: Policy and Planning, Asset Operations
and Maintenance, Asset Renewal, Business Support Systems, and Improvement and
Information. Within each focus area are tactical areas, supported by projects or programs.
This report describes the primary objectives of the tactical area, the key projects or
programs, status of the work in December 2015, and planned accomplishments for calendar
year 2016.

1. Level of Service Targets and Stakeholder Consultation
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POLICY AND PLANNING
The asset management Policy and Planning category encompasses four tactical areas:
1. Establishing targets for levels of service and consulting with stakeholders
2. Developing and implementing strategies from asset management plans
3. Evaluating project investments through business cases
These tactical areas support several core values of the bureau. The stakeholder consultation
is the bureau’s first effort to reach out to its customers about service levels. Selecting and
implementing strategies from AMPs is helping the bureau test and develop its best
practices for efficient and cost-effective management of infrastructure. Evaluating projects
using business cases supports the bureau’s continuing stewardship of financial resources.

1. Level of Service Targets and Customer and Stakeholder
Consultation
1.1

Primary Objectives

The bureau’s primary objectives for levels of service and customer consultation include
•

Summarizing and reporting on Key Service Level Trends

•

Obtaining feedback from customers on selected Key Service Levels (KSLs)

•

Evaluating KSLs using customer feedback

•

Improving Programmatic Service Level (PSL) and KSL reporting

1.2

Key Projects

1.2.1 Key Service Level Tracking
The Water Bureau has several different layers of performance targets. At the highest level,
six Key Performance Measures (KPMs) are part of annual reporting through the bureau’s
budget. The KPMs comprise three Key Service Levels (KSLs) and three additional measures
that are new or revisions of KSLs. 3
The bureau’s 27 KSLs are tracked each year in a report that is typically issued in August.
The bureau meets the targets for most KSLs, most years. Table 2 is a list of all of the current
KSLs by topic. Appendix A shows PWB’s performance in the Key Service Levels for Fiscal
Years 2008-09 to 2014-15.

3 The KPMs include KSL A.1 for water-quality compliance, D.1 for maintaining the bond rating, and E.3 for
managing risks, as well as revised B.3 for answering customer calls, C.2 for water outages, and a new
measure for compliance with state and federal environmental regulations. See Appendix A for the full list of
KPMs and KSLs.

1. Level of Service Targets and Stakeholder Consultation
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Table 2. 2015 Key Service Levelsa
Maintaining Water Quality
A.1. 100% compliance with state and federal drinking water quality regulations
A.2. Maintain minimum service pressure of 20 pounds per square inch (psi) 99% of the time
A.3. Fewer than 7 water quality complaints per 1000 customers per year
A.4. Chlorine residual between 0.5 and 4.0 mg/L total chlorine at 95% of key sample sitesa

Serving Customers
B.1. 75% of residential customers give High or Very High rating on Auditor’s citywide survey
B.2. Respond to 95% of customer inquiries or requests within 5 business days
B.3. Answer 80% of calls within 60 seconds
B.4. Provide a range of payment options that gives greater convenience for customers and encourages
lower costs to the bureaua

Ensuring System Reliability
C.1. No more than 5% of customers out of water for more than 8 hours a year
C.2. No customer out of water more than 3 times per year
C.3. Complete 90% of service installs within 15 days (measured on date of actual install)
C.4. At least one working hydrant within 500 feet of service connection
C.5. More than 90% of flow control valves will operate when needed

Managing Financial Resources
D.1. Maintain Aaa bond rating for revenue bonds
D.2. Meet or exceed planned debt service coverage of 1.90 on First Lien Bonds and 1.75 on both First and
Second Lien Bonds

Optimizing Asset Repair and Replacement
E.1. Complete Capital Improvement Plan projects on schedulea
E.2. Achieve continuous improvement in maintenance best practice
E.3. Meet at least 80% of standards established for inspection, testing, repair and replacement of assets
that are identified as high or extreme risk.
E.4. New Capital Improvement Plan projects require one of the following analyses in the basis of design
report: total life-cycle cost, benefit-cost ratio, or cost-risk reduction ratio

Ensuring Employee Productivity and Safety
F.1. 50% of employees report they are fully engaged in and enthusiastic about their work
F.2. Maintain Occupational Safety and Health Administration SHARP certification
F.3. At least 60% and no more than 80% of promotional vacancies are filled with internal candidates
F.4. Workforce diversity mirrors diversity in the Portland community

Ensuring Sustainable Operations
G.1. Per capita residential water use in retail service area remains steady or declines
G.2. Technical assistance results in an average 25% water savings by industrial and commercial customers
G.3. Bureau’s carbon emissions are reduced from 2007 levels
G.4. Percentage of energy use from renewable sources increases from 2007 levels
aThe

2008-2011 Strategic Plan identifies 24 Key Service Levels. Key Service Levels A.4, B.4, and E.1 were added
after the 2008 publication of the strategic plan.
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1.2.2 Customer Survey on Selected KSLs
The Water Bureau will survey customers during Fiscal Year 2015–16 to ask for feedback on
targets the bureau has set for its service (called Key Service Levels). The survey will ask
customers about topics such as the values most important to customers; the types and
quality of contacts customers have with the bureau; the frequency, duration, and amount of
advance notice for planned outages; the duration of unplanned outages; customers’
priorities for bureau investment; and customers’ willingness to pay for smart metering. The
bureau is seeking to provide ways for people that have historically been underserved to
participate in its survey. Using the information from the customer survey, the bureau
evaluate changes to its list of Key Service Levels.

1.2.3 Revising Programmatic Service Levels
The bureau’s Finance staff, Budget Program Leads, AMB staff will collaborate to review
existing Programmatic Service Levels (PSLs). The sources for proposed changes would
include the program leads themselves, asset management plans, and best utility practices in
defining programmatic service levels. The proposed changes to PSLs would be presented
the bureau’s Management Team for approval.

1.2.4 Improving Performance Reporting
Improving performance reporting would be conducted in parallel with the project to revise
Programmatic Service Levels. Improving performance reporting would focus on
performance targets and reporting at all levels. The goals of this project is to evaluate and
revise all performance targets into measurable targets that are all expressed in the same
manner. The project would include revising the performance reporting instrument for
greater readability and perhaps including graphical displays of quantitative information.
The scope of this project is all of the bureau’s performance reporting targets, from the six
budget-level targets to the Workload Measures used at the subprogram level.

1.3

Status of Work for Calendar Year 2015

1.3.1 Key Service Level Tracking
Key Service Levels continue to be tracked by the bureau; however quality assurance/quality
control checks of the results for some measures reveal that results are being reported
inaccurately. For KSLs C.1 and C.2 (no more than 5 percent of customers out of water for
more than 8 hours a year and no customer out of water more than 3 times per year)
processes for reporting data on outages are not working properly, resulting in a
performance rating of “unclear” instead of “Met” or “Not Met.” In August 2015, AMB and
Finance staff discussed improving bureau KSL and PSL performance reports. The project
will resume once the bureau’s annual proposed budget has been submitted in early
February 2016.

1. Level of Service Targets and Stakeholder Consultation
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1.3.2 Customer Survey on KSLs
In late 2014, the Asset Management Branch (AMB) initiated a project to measure customers’
attitudes and opinions on the bureau’s Key Service Levels. AMB staff conducted pilot tests
of surveys with PWB employees and with a class of Portland State University students that
was studying the Water Bureau. The high percentages of “don’t know” and nonresponse
answers indicated the need to engage a professional or academic opinion researcher. In
2015, AMB staff interviewed opinion researchers, worked with bureau stakeholders to
determine research questions, drafted a scope of work, and negotiated an
intergovernmental agreement with PSU’s Survey Research Lab.
The scope of work includes outreach to underserved customers to participate in the webbased survey. For the Water Bureau, underserved customers include customers who live in
multi-family apartments who normally do not have direct contact with the bureau,
customers with limited Internet access, and customers whose first languages are other than
English. The plan includes providing paper surveys in English, Spanish, Russian, Chinese,
and Vietnamese to customers who request a paper survey.
In June 2016, the Water Bureau chose the Survey Research Lab at Portland State University
(PSU) to prepare the survey and outreach materials, administer and analyze survey data,
and provide a report on the findings. An ordinance for the intergovernmental agreement
with PSU was heard by City Council on December 9, 2015, and will be effective on January
11, 2016. The project is anticipated to be completed in the fall of 2016.

1.3.3 Revising Programmatic Service Levels
In January 2015, 10 bureau Budget Program Managers discussed the Programmatic Service
Levels as published in the budget. Several suggested changes to the scope, wording, targets,
and other aspects of the PSLs. Some of the changes suggested by Budget Program Managers
require a quorum of staff, managers, and Finance staff to change as they affect other
programs, may require evaluation of a policy, or affect the bureau’s reporting in other
areas. Further, asset management plans in place since 2012 include suggestions for changes
and additions to Programmatic Service Levels for certain assets. To date, none of these
changes have been formally evaluated by Budget Program Leads.
The project would require a series of meetings with Finance, AMB, and Budget Program
Leads to evaluate existing and proposed Programmatic Service Levels. At the same time,
Finance and AMB staff would lead a process of updating all service level statements
according to best practices (see Section 1.2.3, Improving Performance Reporting, for a
description of the project).

1. Level of Service Targets and Stakeholder Consultation
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Planned Accomplishments for Calendar Year 2016

1.4.1 Key Service Level Tracking
Once the results of the customer survey have been reviewed, the bureau will c review and
revise both the Key Service Levels (based on the customer survey) and the Programmatic
Service Levels. Concurrent with the final stages of work on the KSLs is the beginning of the
project to evaluate, revise, and improve the performance metrics and reporting. Staff from
Asset Management, Finance, and the Budget Program Leads are slated to begin discussions
in late 2016 and follow a review process similar to that for the review of KSLs.

1.4.2 Conducting Customer Survey on KSLs
The bureau plans to administer the customer survey in the spring of 2016. The report of
findings will be available in the fall of 2016.

1.4.3 Evaluating and Revising KSLs
Once the survey results are known, a dedicated group will evaluate the current list of 27
KSLs in light of the customer feedback and the bureau’s newly updated strategic plan, and
develop recommendations. The group will propose changes to KSLs for the bureau
Management Team to consider. This process will begin in late 2016 and culminate in the
final list of KSLs in 2017.

1. Level of Service Targets and Stakeholder Consultation
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2. Asset Management Plans and Strategy Implementation
2.1

Primary Objectives

The bureau’s primary objectives for asset management plans and strategies include the
following:
• Documenting information about water-system assets, including recommendations for
cost-effectively operating and/or mitigating the asset risk of failure, and initial estimates for
resources
• Evaluating, prioritizing, and promoting AMP strategies for implementation and
funding

2.2

Key Projects

2.2.1 Asset Management Plans
Since 2012, teams have completed 18 asset management plans (AMPs). Table 3 shows the
major asset groups that been described and analyzed in an AMP.
Table 3. Asset Management Plans Completed as of December 2015
Asset

Year Completed

Conduits

2012

Distribution Mains

2012

Facilities

2012

Fountains

2012

Groundwater

2012

Hydrants

2012

Large Meters

2015

Pump Stations

2012

Regulators

2013

Roads

2012

Security

2014

Service Lines

2012

System Meters

2013

Tanks

2012

Terminal Reservoirs

2015

Transmission Mains

2012

Valves

2012

Wholesale Meters

2013

2. Asset Management Plans and Strategy Implementation
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AMPs that remain to be completed include those for assets in the Bull Run watershed (to be
divided into assets related to supply and treatment); electrical systems, instrumentation and
controls; vaults; and technology systems. The bureau anticipates having all AMPs
completed by the last quarter of 2016.

2.2.2 Recommended Strategies
The Recommended Strategies Team (REST) is responsible for evaluating the hundreds of
recommended strategies and moving the organization forward in implementing the
strategies considered most valuable. The initial wave of 14 AMPs, published in 2012 and
early 2013, generated a list of more than 300 recommended strategies for assets. The REST
met several times to prioritize the list of recommendations. Between 2013 and 2015, the
bureau focused on implementing 15 strategies recommended by REST (see Table 4).
Table 4. Strategies Selected by the Recommended Strategies (REST) Subcommittee of the
Asset Management Steering Committee in 2013
Asset

Strategy

1. Conduits

2.13 Establish official process and procedures for collecting data on pipe
condition whenever a conduit is exposed as part of other work. Gather
together and centralize conduit condition data
(This includes strategy 2.2, Develop better system for tracking leaks and
repairs. Get old data out of SRS basement into electronic form.)

1. Conduits

1.1 High-Risk Conduits—Conduct an internal inspection to verify condition of
main and lining. Consider relining.

2. D. Mains

4.10 Sustainable replacement rate for pipes that includes business cases.
Establish budget around useful life expectations for the piping system rather
than replacement rate in the past.
(This includes strategy 4.3, Business case framework for pipe replacement.
Alter RANK to be more effective in prioritizing pipe replacements.)

2. D. Mains

3.1 High-consequence valves—locate, exercise, and add/replace when
needed. Begin with highest-risk pipes, especially prior leaks and breaks. Enter
as corrective maintenance task in CMMS.

4. Fountains

4.3 (new) Calculate likelihood and consequences of failure if a member of
the public were to slip at Keller and Lovejoy fountains.a

6. Hydrants

4.2 Hydrant renewal. Renew obsolete (screw-type) models beginning by
focusing on units that also have high consequences

2. Asset Management Plans and Strategy Implementation
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Table 4. Strategies Selected by the Recommended Strategies (REST) Subcommittee of the
Asset Management Steering Committee in 2013
Asset

Strategy

7. Pump
Stations

2.4, Reduce maintenance on redundant assets, including
-Base pump oil analysis on run time: Every 2 years for non-lead pumps and
every year for lead pumps
-Reduce motor starter PM to once every two years for motors on non-lead
pumps. Note: consider checking oil condition based on pump run time
(This works with strategy 2.6.)

7. Pump
Stations

2.6 Perform PM on high-consequence subcomponents such as generator fuel
and batteries including 1. Replace batteries every 3 years [possibly more
often]-Have technicians present for generator start test 2. Test fuel every
quarter for contaminants-Add pressure vacuum vent on outside fuel tanks
(This works with strategy 2.4.)

7. Pump
Stations

5.5 Optimize RCM effort by continuing to evaluate metrics and areas of focus

8. Roads/
Culverts

1.3 Culvert condition assessment. Inspect high-risk culverts on annual cycle.
Include large culverts 36" or larger.

8. Roads

2.1 Paved road maintenance—sealing based on consequence of failure.
Crack sealing, chip-sealing and thin overlays based on PCI rating with
frequencies that vary by road category. Break points vary by consequence
of failure.
Actual maintenance determined by roads engineer and SRS manager.

11. Tanks

4.1 Seismic upgrades for tanks & standpipes—more in-depth analysis

12. T. Mains
(and D.
Mains)

1.6 Identify locations where valves are needed to isolate high-risk pipes and
enter as Corrective Maintenance task in CMMS.

12. T. Mains

1.3 Leak detection for high-risk mains (at uncased crossings)

12. T. Mains

(new) 1.8 Air/vacuum valves—Identify locations where air valves may need to
be upsized to prevent pipe collapse if pipes rupture.

a In

2013, the Water Bureau transferred responsibility for decorative water fountains back to the Portland
Parks and Recreation Department.

2.3

Status of Work for Calendar Year 2015

2.3.1 Asset Management Plan Development
The AMPs for Bull Run Supply, Bull Run Treatment, and Technology Systems are expected
to be completed by the end of 2015. The Vaults AMP will be completed in 2016. In total, at
least one completed version of 23 asset-class asset management plans will be available by
2. Asset Management Plans and Strategy Implementation

17

Asset Management Progress Report for 2015

Policy and Planning

the end of 2015. The bureau’s asset management goals and work plan does not include
updating any AMPs until after 2017.

2.3.2 REST Recommended Strategy Evaluation and Implementation
With the exception of the Fountains strategy 4.3 (per Table 4), the bureau is actively
working to implement the focus strategies and report on progress. In 2015, REST updated
the approach it used in evaluating recommended strategies and increased the scope of its
effort beyond the initial 15 strategies selected in late 2012.
The REST team created a criteria and a scoring system to prioritize the remaining strategies.
REST lead Jeremiah Hess consulted with stakeholders about the attributes of a workable
strategy and developed an evaluation worksheet. The worksheet requires evaluators to rate
strategies according to how well the strategy fits with other goals and projects at the
bureau, the technical and practical feasibility, cost effectiveness, benefits, flexibility, and
other related criteria (Table 5).
The REST committee used an updated process as well as the evaluation criteria to
reexamine a prioritized list of strategies from 2012 as well as recommended strategies from
the Terminal Reservoirs, Security, and the Electrical Systems, Instrumentation, and Controls
AMPs—a total of approximately 80 strategies. Through the updated process, the REST
committee has selected 20 to 30 high-scoring strategies. The REST committee is planning to
coordinate with budget program leads to review the feasibility of implementing the
highest-ranked strategies.

2. Asset Management Plans and Strategy Implementation
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Table 5. REST Criteria for Recommending Strategies
Score
Criteria (& Description)

5

3

1

Budget (Cost
effectiveness)

Making the most
appropriate use of
existing bureau
resources &
infrastructure; low cost
to implement; strong
business case.

Requires additional
staff/ significant
resources; business
case doesn’t support
strategy

Risk Reduction
(Identify failure modes,
root causes of failure,
likelihood and
consequence of
failure (what happens
if we DON'T implement
strategy?)

Strategy identifies,
evaluates, or mitigates
most consequential
asset failure mode.
(Example: a condition
assessment reveals
extent of risk)

Strategy identifies,
evaluates, or
mitigates redundant
or low consequence
asset failure mode

Goals (How influential
will the strategy be
towards meeting
bureau
mission/strategic
plan/service levels?
What is the long term
benefit?)
Ease of
Implementation
(Suitable, flexible,
adaptive, robust;
easily integrated with
other strategies,
programs, of activities)

x

x

Directly works
toward meeting
KSL. Strong long
term benefit.

Works toward
meeting
Programmatic
Service Level (2);
Workload Measure
improvement (1)

Just change of
procedure; minimal
training/ analysis
required. Strong
stakeholder and
manager support.
Builds on bureau
strengths (CMMS,
GIS); rectify
weaknesses

Significant
organizational
changes/ alterative
procedures & analysis
required; lack of
commitment from
managers/employee
s. Additional
databases /training/
asset management
required

The REST team’s detailed update of the status of the strategies, an analysis of the
performance of the strategies, and recommendations with next steps is attached as
Appendix B of this progress report.

2.4

Planned Accomplishments for Calendar Year 2016

The REST committee will continue to consider and rank strategies from existing and
emerging AMPs. The committee will have an active role in prioritizing, tracking, and
implementing asset strategies. REST will flag any strategies that warrant immediate action.
With the goal of further considering and implementing strategies in the upcoming two

2. Asset Management Plans and Strategy Implementation
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years, the REST committee will coordinate with AMP and budget program leads to review
the feasibility of implementing the selected strategies.
REST will also update the summary list of asset strategies. The summary list will include
information about the status and potential outcome of the strategy (for example, some
strategies propose studies that would produce information for making decisions).
The AMSC will review and prioritize the strategies. The information about strategy status
will be incorporated into technical memos that will be attached as updates for AMPs.
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3. Business Case Evaluations
3.1

Primary Objectives

The bureau uses business case evaluations that have benefit-cost analyses as part of making
informed investment decisions. Business cases are used to ensure that improvements in
services and/or reductions in risks for customers are implemented if they are cost effective.

3.2

Key Projects

3.2.1 Business Case Evaluations
The bureau continues to lead in the city and in the water industry in providing business
cases. 4 Business case evaluations are conducted for major projects and upon request for
other projects. All projects initiated through Engineering Planning also receive a business
case analysis. Business case evaluations for work on high-risk assets such as pipes has been
a key area.
AMB staff provide business-case training to Engineering Planning and other staff in
developing business cases. Much of the assistance includes one-on-one training for business
case evaluations. The bureau continues to develop and improve business-case evaluation
methodologies to support business decisions.

3.2.2 Triple-Bottom-Line Impact Valuations
The bureau uses triple-bottom-line factors to evaluate the consequences of asset failure. A
triple-bottom-line analysis includes the effects of asset failure on not only the utility, but
also society and the environment. PWB has developed valuation guidelines for ten
consequence areas (Table 6). The valuations, which have been researched with authoritative
sources, cover consequences to not meeting bureau service levels, disrupting local economic
activity, and violating safety and environmental regulations. As many of the bureau’s
projects and programs seek to improve services or reduce risks in the social and
environmental areas, these guidelines are important tools for estimating the impacts of
failure in dollar terms for business cases.

4 Preliminary data in Establishing the Level of Progress in Utility Asset Management, a national survey of
water and wastewater utilities by the AWWA, show that PWB is among the top 5 percent of water and
wastewater utilities in the practice of using business cases to evaluate investment options.
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Table 6. Triple-Bottom-Line Valuations for Business Cases
Valuation Category

Status in 2015

Boil water advisories

Updating with information from the Water
Research Foundation project on understanding
gaps in Boil Water Advisory benefits and costs and
recent impact studies. Not complete.

Travel time impacts

Updated with highway with inter-city travel
valuations. Used in high-risk pipe risk evaluations.

Aquatic life impacts

New, in process of research for valuations for
stream restoration, culvert, and road impacts.
Needed to meet federal guidelines on Bull Run
roads (owned by the US Forest Service).

Fire flow

Updated likelihoods with additional Portland Fire
and Rescue data. Developed case study for
valuing improved fire flow in urban-wildland
interface with valuations for non-park forested
land and special-use park forested land (Forest
Park, Audubon Wildlife Sanctuary).

Supply outage

No new work in 2015

Curtailments (voluntary, mandatory)

No new work in 2015

Pressure

No new work in 2015

Safety

No new work in 2015

Construction zone social impacts

No new work in 2015

Alternative energy (carbon, pollution)

No new work in 2015

3.3

Status of Work for Calendar Year 2015

3.3.1 Business Case Evaluations
The bureau conducted individual business cases on 19 projects in 2014 and 16 projects in
2015 (Table 7). These business cases have resulted overall net benefits of $8.8 million in 2014
and $9.4 million in 2015. These benefits reduce risk, avoid costs, or improve service levels to
bureau customers. Business case evaluations of proposed work on high-risk pipes has been
a key area. In addition, planning studies for 19 proposed bureau projects have included
business cases. The proposed projects included three tanks, one terminal storage facility,
one pump station, two transmission mains, and nine distribution mains. In all, the bureau
has conducted 54 business cases on proposed projects since the beginning of 2014.
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Table 7. Business Cases Completed in Calendar Years 2014-15 and Benefits
Month and Year
Completed

Project Name

Net Benefit to PWB
Customers

Sep. 2015

Dam 2 Needle Valve Replacement

$4,892,660

Jul. 2015

Radio Towers Risk Review

$80,522

Sep. 2015

Burnside Pump Station & Main Revision

$1,687,152

Aug. 2015

Headworks Chlorine Scrubber

$27,777

Aug. 2015

Penridge Mains, Revision

$167,332

Aug. 2015

Pipe Risk SE 26th & Ellis

$224,000

Aug. 2015

Pipe Risk NE 38th & Sandy

$181,363

Aug. 2015

Pipe Risk NW 17th & Upshur

$0

Jun. 2015

Willamette Boulevard Bridge Main

$724,000

Jul. 2015

Pipe Risk SE 18th & Lafayette

$59,000

Jul. 2015

Pipe Risk SE 18th & Haig

$61,425

Jul. 2015

Pipe Risk NE Cully & Columbia Blvd

$141,361

Jul. 2015

Pipe Risk Fulton Pump Main Update

$761,689

Aug. 2015

Meter Test And Repair Frequency

$0

May 2015

Pipe Risk NE 1st Ave & Union Pacific RR

$369,000

Jan. 2015

Benson Bubbler Life Cycle Costs

$0

Jan. 2015

TVWD Metzger Meter Adjustments

$119,000

Jan. 2015

Clay Street Crossing Risk Analysis

$1,074,875

Dec. 2014

Headworks Diversion Pool Fence

$280,000

Sep. 2014

Sandy River Station Fiber Optics

$129,690

May 2014

Critical Services

$0

Aug. 2014

Fulton Pump Main Under I-5

$209,000

Aug. 2014

Willamette River Crossing Revision

$2,536,000

Feb. 2014

Small Meter Unrecorded Water Analysis

$0

Jun. 2014

Greenleaf Pump Station Replacement

$299,300

Jun. 2014

Marquam Hill Pump Station MCC Replacement

$40,750

Jun. 2014

Mt. Tabor Pump Station Variable Speed Pump &
Generator

$13,003

Jun. 2014

Mt. Tabor Reservoir 7 Repairs

$19,377
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Table 7. Business Cases Completed in Calendar Years 2014-15 and Benefits
Month and Year
Completed

Project Name

Net Benefit to PWB
Customers

Jul. 2014

Burnside Pump Station And Pump Mains

$1,662,000

Jun. 2014

Council Crest Roof Repair

$244,000

Jun. 2014

Council Crest Bypass At Portland Heights Tanks

$557,000

Jun. 2014

Sam Jackson Pump Station Motor Controllers

$28,623

Jun. 2014

Arlington Heights Flow Meters

$101,232

Feb. 2014

GW Intertie

$1,478,217

Jan. 2014

Paddlewheel Meters

$67,964

3.3.2 Triple-Bottom-Line Impact Valuations
AMB staff have updated four impact valuation categories and started research on
guidelines for a new category for aquatic impacts. For a business case on a turbidity event
in a Bull Run culvert, the bureau will use already-developed guidelines on possible
curtailment and the cost of groundwater.
A bureau cross-functional team has developed new curves for pipe failure and the
Likelihood Assessment Process (LAP) model that adjusts for environmental and pipe
conditions. The model also automates the benefit-cost analyses for pipe assessments.
Business cases are now a part of all large capital projects and a key component of Projects
Planning analyses. The Design group conducts business cases when projects are initiated in
Design. The Operations group will conduct or request a business case when the department
sees the need for an asset improvement, renewal, or replacement.
Business cases are also part of the project approval process through the Project Review
Board (PRB). The PRB will request a revised business case if a project is not meeting initial
estimated budget targets. Business case analyses on capital projects are shared with
Portland City Council, the Portland Utility Board, and the Citizens’ Utility Board of Oregon
when those entities review the bureau’s budget.

3.4

Planned Accomplishments for Calendar Year 2016

The bureau is a stakeholder in a Water Research Foundation project called, Utility Risk
Management Methodologies for Buried Assets with Improved Triple-Bottom-Line
Understanding of Pipe Failures. The project will develop valuations for triple-bottom-line
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consequences for pipe failures. PWB will use the outputs from this to inform and improve
the asset management impact-valuation tool.
In 2016, AMB Economist Eric Brainich will continue to improve business-case tools and
spread the use of business cases more broadly throughout the bureau through the following
actions:
•

Continue to lead and assist in business case evaluations

•

Finish development of aquatic/fish impact valuations

•

Evaluate and potentially refine existing impact valuations (including a study of waterquality valuations using the criteria of other water utilities)

•

Develop new impact valuation guidelines including the impacts of customer perception
and PWB’s reputation

•

Update and revise the 2010 Business Case Guidebook

•

Train staff in business case evaluations, either individually or as a group, as needed
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ASSET OPERATIONS AND MAINTENANCE
Asset Operations and Maintenance activities in Asset Management include three main
tactical areas:
•

Managing asset risk

•

Implementing reliability-centered maintenance

•

Evaluating water loss and outages

The three tactical areas focus on preventing or mitigating risk of asset failure, applying best
practices in maintenance to the bureau’s assets, and diagnosing and making improvements
to water service and reliability.
Managing asset risk is a key component of supporting the reliability of the water system
and avoiding catastrophic failures. The bureau has an active risk-management program,
built on estimating the likelihood and consequences of the failure of assets. Establishing
likelihood of failure depends on assessing asset condition. Buried pipes that are part of the
potable water supply are difficult to assess without costly and lengthy outages. AMB staff
have developed a number of ways of assessing likely failure modes and horizons for
different cohorts of pipe, using observations of accessible pipes, assessing current main
breaks, and some diagnostic techniques.
Through the principles of reliability-centered maintenance (RCM), the bureau has increased
and improved its use of asset data to drive certain maintenance practices. In 2014, as part of
RCM, Operating Engineers began using a mobile application to record the results of
diagnostic tests and inspection of key assets, such as electrical equipment and motors. The
data are being tracked with increasing reliability. The bureau is increasing the number of
maintenance activities tracked and managed through CMMS.
In 2015-16, the bureau conducted a water audit, to understand the amount of water
produced that does not generate revenue each year. Non-revenue water has increased from
around 7 percent in Fiscal Year 2009-10 to more than 10 percent in 2013-14 (the last year for
which data are available). The final audit report will be available in 2016.
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4. Manage Risk of Asset Failure
The bureau has identified 86 assets rated at a high or extreme risk of failure. Of those risks,
51 have been addressed (Table 8). 5 Of the 51, the bureau has completed the risk mitigation
projects for 25 assets. The projects include large tanks, pump stations, and pipes that pose
the biggest risks. An additional 26 risks were downgraded after the bureau performed
inspections and other condition assessments to gain a better understanding of the
likelihood of failure.
Table 8. High- and Extreme-Risk Assets Status, as of Last Quarter 2015
Mitigation Complete

Asset

Project
Complete

Risk Rating
Reduced

Planned,
Not
Complete

Tanks

5

2

5

Pump Stations

4

1

2

Pipes on Bridges

1

1

6

6

4

Pipes under
Crossings

Failure
Occurred

Accept
Risk and
Monitor

Total
12

1

1

8

2

11
10

West Hills Pump
Mains

4

4

Other Pipes

5

1

2

3

1

3

3

7

1

1

2

Washington
County Supply Line
Conduits

1

Regulators
Groundwater

1

Buildings

3

Others

1

Customer Service

8
8
1

2

2
2

3

2
25

5
3

2

Fountains
Subtotal by Status

5

26

26

2

2

2

7

86

The bureau plans to take action on an additional 26 risks in coming years. For the majority,
the bureau will mitigate the risk or conduct a study to determine the most feasible option.
For seven identified risks the bureau will either monitor the asset and take action when the
In 2015, the AMSC determined that a risk has been addressed after the risk mitigation project, program, or
effort has been completed.

5
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likelihood of failure becomes greater, or accept the risk (because the costs of addressing it
outweigh the benefits). Appendix C is a status update that includes a detailed table
showing all high- and extreme-risk assets, the failure mode, actions, risk status, and any
rating adjustments that were done as a result of evaluating the risk.

4.1

Primary Objectives

The bureau’s primary objective for managing the risk of asset failure is to reduce the level
of the bureau’s risk, especially for high-consequence assets.

4.2

Key Projects

4.2.1 Develop Risk-Management Tools
The bureau’s Likelihood Assessment Process (LAP) spreadsheet is a new tool developed by
AMB with input from a cross-functional bureau team of Maintenance and Construction,
Operations, and Projects Planning staff. The LAP tool uses pipe failure data collected by
Maintenance and Construction and Operations field staff and correlates the likelihood of
failure ratings and the benefit-cost calculations used in business cases. LAP provides
information for project planners in ranking risks. See Section 7 for a full description of the
LAP tool.

4.2.2 Manage High-Consequence Pipes and Appurtenances
In the past few years, the bureau has increasingly focused resources on identifying highconsequence assets, especially pipes. Pipes that are considered high consequence include
uncased pipes that cross over or under major transportation corridors, transmission mains
under rivers, pipes that serve critical customers, pipes that pass through areas with a high
potential for landslides, conduit areas where failure could affect other conduits, and the intown transmission system backbone. 6 PWB staff have been prioritizing condition
assessment of high-consequence pipes and focusing on valve operation, including a leakdown test, for those pipes. Condition data are recorded in databases and exported to GIS.
Uncased Pipe Crossings
Uncased pipes crossing major transportation corridors—especially highways and
railroads—pose greater risks of failure than pipes in the general population. When a pipe
without protective casing fails, the water release may scour soil and cause subsidence,
damage structures and roadways, or introduce chlorinated water into surface water bodies.
These high consequences of failure pose problems not only for the Water Bureau, but also
for the public. The bureau’s risk costs include not only repairing main breaks and repaving
PWB may revise the definition of a high-consequence pipe a study of seismic vulnerability is published in
2016. The seismic study will include definitions for system “backbone” assets—essential elements that should
be protected in an emergency. Any asset designated as part of the backbone would be considered a
high-consequence asset.

6
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roads, but also disruptions to economic activity and traffic and risks to health and human
safety. These consequences to society are quantified in the bureau’s methodology.
In 2015, the bureau performed risk assessments of approximately 200 pipes that are
uncased and cross under high-traffic roads or major railroad lines. Table 9 shows the results
of the risk analyses to date.
Table 9. Uncased Pipe Crossings Inspected in 2015
Material
Location

Total

DI

CI

STL

Interstate 5

18

3

8

Interstate 84

4

1

3

Interstate 205

7

2

Interstate 405

5

Highway 26W

3

1

Highway 99E

20

5

15

Total Highway

57

12

30

13

Class I RRa

55

20

29

Short Line RRb

25

8

Passing Tracksc

54

Total Railroads
GRAND TOTAL

CCP

Very
Low

Med.

High

Low

13

5

3

1

6

1

1

3

2

2

3

7

3
4

Risk

2

5

12

3

0

5

40

12

6

1

19

26

9

14

3

18

7

11

37

6

35

19

134

39

80

15

0

54

45

26

9

191

51

110

28

2

54

50

66

21

2

Extreme

0

0

Abbreviations: DI – ductile iron; CI–cast iron, STL–steel; CCP–concrete cylinder pipe, R – railroad
aClass I railroads are defined by the Surface Transportation Board as having annual revenue
exceeding $250 million dollars.
bShort Line railroads are defined as having annual revenues of at least $40 million in 2009 dollars, or
that operate at least 350 miles of road and revenues of at least $20 million in 2009 dollars.
cPassing tracks are sidings where trains can move off a mainline track to let another train pass.

None of the uncased crossings was rated as an extreme risk. Of the 21 high-risk pipe
segments crossing highways or railroads, four are being further assessed by means of a
planning study, business case, leak-detection effort, or additional analysis resulting in risk
mitigation or reduction. The remaining 17 will be prioritized for further analysis.
Bridge Pipe Inspections
Since 2014, the bureau has inspected 85 pipes on bridges to more accurately assess the
extent of the risk at the crossings. A total of 28 pipes are enclosed in box-girder-style
concrete bridges spanning the major highways and freeways in the metro area. Bureau staff
assessed the condition of 57 pipes suspended from the bridges, primarily through visual
4. Manage Risk of Asset Failure
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inspection although wall thickness measurements were taken to extrapolate remaining
service life in some cases. The bridge inspections occurred at sites with high traffic, in
confined spaces, and with challenging access in most locations. AMB staff collaborated with
Maintenance and Construction (M&C) crews for traffic control, safety, and inspection
support to safely enter the bridge structures and inspect the pipes.
Exercising High-Consequence Valves and Pressure-Testing Crossings
Recognizing the need for reliable valve performance in the event of a shutdown, the bureau
launched a project to investigate and assess high-consequence distribution, transmission,
and facility site valves. The investigation included prioritizing the schedule for valve
exercising and verifying the bureau’s ability to achieve shutdowns at high-consequence
crossings. AMB has worked with Operating Engineers to rate valve condition using
standardized procedures and criteria. The AMSC determined that partially exercised valve
condition cannot be rated as higher than a 3 on a 1 to 5 scale. The partially exercised valves
are rated as Fair condition until the bureau can fully close and open the valves.
The bureau’s project to develop facility site plans will facilitate more systematic work to
locate and exercise high-consequence valves. The work on high-consequence valves
includes testing the pipe section between the valves for leaks, a procedure known as a leakdown test. See Section 5 for a description of that work.
Washington County Supply Line Inspection and Repair
The objective of this project was to inspect the condition of the interior of the Washington
County Supply Line (WCSL) for defects, to develop pipe inspection procedures, to repair
the interior mortar lining at the site of a leak that occurred in February 2014, and to repair
other deficiencies if any were found during the inspection. Understanding the relevant
deterioration mechanisms and how they will influence the pipe’s structural integrity will
help the bureau make better estimates of the remaining service life.
Conduits
The conduits are a critical element of the PWB system. The current condition of these assets
is largely unknown as they have never been systematically evaluated and have not been
visually inspected since the 1980s. The lack of good data on conduit condition has been a
challenge in developing a comprehensive plan for maintaining the conduit’s serviceability
and identifying future replacement.

4.2.3 Opportunistic Pipe Break Inspection and Data Collection
Accurately identifying the type and root cause of pipe failure for a particular pipe is
important for better understanding the stresses and environmental conditions the pipe is
experiencing and the condition of the infrastructure. The bureau relies on two groups
primarily to collect data about pipe breaks: M&C and AMB. M&C field crews are trained to
capture information about breaks in the computerized maintenance management system
4. Manage Risk of Asset Failure
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(CMMS) as part of the work order process. Pipe break failure modes provided by M&C
since 2010 has given the bureau a reliable data set from which to reach conclusions about
the kind of pipe failures that are occurring for different pipe types. The M&C failure data
provide PWB with more information about the condition of the piping network, and are
being used in business case analyses and the LAP model.
Bureau engineering staff also document high-consequence pipe breaks. This failure data
collected during pipe repairs has helped AMB gain further knowledge of the condition and
performance of metallic pipes in the water distribution system and a better understanding
of the social impacts associated with large main breaks. The social impacts are part of the
triple-bottom-line factors in the bureau’s risk assessments, business case analyses, and
planning studies.

4.3

Status of Work for Calendar Year 2015

4.3.1 Developing Risk-Management Tools
The bureau updated its Likelihood Assessment Process (LAP) tool in 2015. The updates
included using the spreadsheet to assess some pipes as case studies. The case studies were
used to verify the failure modes, values, and algorithms of the LAP model. A sample LAP
case study appears as Appendix E.

4.3.2 High-Consequence Pipe Condition Assessment
As of August 2015, the bureau has inspected approximately 33 miles of pipe to further the
understanding of the condition of high-consequence pipes. Large-diameter pipelines were
primarily assessed with acoustic leak detection technologies using external resources such
as consultants and contractors. PWB leak detection efforts are described in Section 7. Table
10 summarizes the condition-assessment activities undertaken by PWB since 2009.
Table 10. Condition Assessments on High-Consequence Pipe Since 2009
Category of High-Consequence Pipe

Length in feet

Large-diameter pipelines

133,806

Pipes on/in bridges

33,145

Opportunistic data collection

5,855

Total in Feet

172,806

Total in Miles

32.7 miles

The bureau is currently in the process of evaluating ultrasonic thickness gauges and flaw
detectors for purchase. These sophisticated tools can be used to take necessary metal
thickness measurements while inspecting pipes (particularly needed for conduit
4. Manage Risk of Asset Failure
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inspections), steel welds, steel tanks, plastics, composites, and other materials. The results
can be used to extrapolate the remaining service life from the degradation that the material
has experienced. The pipe assessment form is Appendix F.
Bridge Pipe Inspections
The bureau has adjusted its pipe likelihood of failure and corresponding risk ranking to
best reflect the updated current pipe condition. Table 11 is a summary of the status of pipes
suspended from, or enclosed within, bridges that have been inspected and the current risk
ratings. Detailed inspection results are available in Appendix G.
Table 11. Pipes at Bridge Crossings
Risk Rating of Inspected Pipes

Total

Not Yet
Inspected

Very Low

Low

Medium

High

Suspended

61

4

13

21

19

4

Enclosed in Bridge Deck

33

5

16

8

4

Total

94

9

29

29

23

Location

4

Extreme

0

No inspected pipes were rated as extreme risk. Of the four high-risk pipes, one at North
Willamette Boulevard warranted immediate repair. The bureau conducted a business case
and a planning study and recommended rehabilitation (for short-term risk mitigation) and
replacement (for long-term risk mitigation). A planning study for a pipe at North
Fessenden Avenue recommended abandonment. The remaining two high-risk pipes are
recommended for further study or analysis.
Bureau staff have inspected 22 pipes enclosed in concrete box girders on bridges in 2015.
This is in addition to six pipes that were inspected in 2013. Of the 22 crossings, two were
rated as high risks; another two were medium risks; the rest have been rated as low or very
low risks. Figure 1 shows a section of the I-205 crossing inspected in 2015 that includes
multiple failed pipe hangers and joint deflections. Corrective work was identified during
the inspections and forwarded to Engineering Planning and Maintenance Engineering for
the inspected pipes. The results of the 2015 inspections are tabulated in Appendix G.
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Figure 1. Broken Pipe Supports and Severe Joint Deflection – Box-Girder Concrete Bridge at I-205
and SE Holgate, Inspected in 2015

4.3.3 Exercising Consequential Valves
AMB staff have taken several steps to gather information on valves that occur near highconsequence pipe crossings, facilities such as pump stations, the conduits, and critical
customers. As the bureau identifies elements of the supply backbone (essential elements)
4. Manage Risk of Asset Failure
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AMB will add these pipes to the high-consequence list. AMB staff have worked on crossfunctional teams to identify, analyze, and exercise these high-consequence valves.
Bureau crews have located and exercised valves at 10 major railroad crossings since June
2015. Although full shutdown was not achieved, crews rated the valve condition based on
the partial shutdown. In several cases, the crew also made recommendations to more
effectively achieve shutdown in the future. The detailed list of high-consequence valves
exercised is Appendix H.
Washington County Supply Line Interior Inspection
The focus of the late 2014 WCSL investigation was to determine the integrity of the interior
of the pipe, integrity of the interior of the WCSL pipe, specifically in an area near the Powell
Butte Reservoir where the pipe was welded together. This area had a potential for leaks.
The inspection also included blow off locations. The inspection team assessed the condition
of the joints and looked for cracks, scaling, and areas that are out of round.
With the exception of the failure site, the interior lining was found to be fully intact and in
good condition. The pipe profile was measured at the joints for vertical and horizontal
displacement (out-of-round). There were multiple locations in the section inspected where
the pipe is believed to be experiencing settlement or was poorly installed, as it is up to two
inches (3 percent) out-of-round in the horizontal and vertical profiles. Small cavities had
developed in the liner as a result of mortar loss in four locations. Two spot repairs were
made at pockets that were 0.25 to 0.5 inch deep. Two pockets were less than 0.25 inch deep;
they were determined to be posing no risk and were left as found.
Since that initial inspection, a cross-functional team of AMB, Operations, and M&C safety
representatives created an updated work plan for a January 2016 internal inspection. The
scope of work is similar to the inspection that was completed in December 2014—
inspection team will be looking for deficiencies in the interior lining and along the steel
cylinder of the pipe wall.
Conduits
In 2015, the bureau completed a master plan for conduit rehabilitation. The plan identifies
tools and strategies for conduit condition assessment and reviews potential repair,
rehabilitation and replacement alternatives. A scope and schedule for inspection of the
conduits has been created by the bureau program manager.

4.3.4 Opportunistic Pipe Break Inspection and Data Collection
Calendar year 2015 resulted in a lower-than-average number of pipe breaks, which was
likely due to the warmer-than-average winter. The bureau documented only five failure
events. Bureau staff also documented the condition of three additional high-consequence
pipes when they were exposed for maintenance. Table 12 shows the pipe failure data
collected by M&C staff since 2010.

4. Manage Risk of Asset Failure

34

Asset Management Progress Report for 2015

Asset Operations and Maintenance

Table 12. Pipe Failure Mode Data, 2010 – 2014
Percentage by Failure Mode
Seal Failure

Vertical
Break

Horizontal
Break

Pinhole
Leaks

Cast Iron 8-inch or less (491)

2

74

6

5

13

Cast Iron 10- to 12-inch (29)

21

24

17

7

31

Cast Iron 14-inch or greater (15)

33

7

13

-

47

Ductile Iron 8-inch or less (29)

7

72

-

3

17

Ductile Iron 10- to 12-inch (2)

50

-

-

-

50

Ductile Iron 14-inch or greater (1)

-

-

-

-

100

Steel 8-inch or less (133)

-

29

6

56

9

Steel 10- to 12-inch (1)

-

100

-

-

-

Steel 14-inch or greater (3)

-

-

-

100

-

Pipe Material & Size Grouping (Total
Failures)

Other

In addition, since 2013, AMB has documented approximately 20 failure events in detail.
Table 13 shows PWB’s greatest triple-bottom-line costs associated with large pipe breaks.

Table 13. Pipe Breaks with High Consequences of Failure
Date
of
Event

Location

Size
(in.)

Material

Install
Date

Type of
Failure

Cause of
Failure

Consequence
of Failure

Dec.
1985

N Willamette Blvd
Bridge Crossing BNSF RR

12

Steel

1951

Horizontal
Break

Corrosion

$4,500,000

Jul.
2010

SE McLoughlin & Tenino

12

CI

1946

Horizontal
Break

Water
Hammer

$1,000,000

Aug.
2013

SE Division Pl & 8th
Avenue

8

CI

1924

Horizontal
Break

Fatigue

$550,000

Oct.
2013

SW 4th & Burnside

24

CI

1913

Horizontal
Break

Fatigue

$900,000

Feb.
2014

WCSL - North Side of
Powell Butte

66

CCP

1981

Vertical
Break

Corrosion

$220,000

Sep.
2014

NE Sandy Blvd & 138th
Avenue

16

CI

1962

Horizontal
Break

Unknown

$3,200,000

Abbreviations: BNSF RR is Burlington Northern and Santa Fe Railroad, CI is cast iron, CCCP is
centrifugally cast concrete pipe, WCSL is Washington County Supply Line
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Planned Accomplishments for Calendar Year 2016

4.4.1 Developing Risk-Management Tools
For assessment of the conduits, the bureau will create for each segment of the large pipes in
the CLEM database. Staff will produce a summary report that includes possible
maintenance and capital improvements to lower the bureau’s assessed business risk
exposure.
The bureau’s risk register is stored in an Access database. The database currently does not
track changes to risk ranking. In 2016, the bureau plans to update the register to track
changes in risk ranking following risk-reduction measures.

4.4.2 High-Consequence Pipe Condition Assessment
The bureau will continue to assess the condition of high-consequence pipe segments. This
includes the following:
•

Non-intrusive leak detection, or leak-down tests, on uncased crossings of major
highways, railroads and water bodies

•

Intrusive leak detection—and camera inspection—on points of interests on uncased
crossings identified by non-intrusive leak detection (or other means of detection)

•

Interior inspection of sections of the Washington County Supply Line

•

Interior inspection of the conduits

The AMB will provide guidance on the method of data collection and storage for the highconsequence pipes. The bureau plans to perform further analysis involving planning
studies, business cases, additional condition assessment or monitoring to address the
remaining high-risk crossings.
Bridge Pipes
Nine pipes suspended from, or contained within, bridge structures have yet to be inspected.
These pipes will be addressed in the summer of 2016.
Exercising Critical Valves and Pressure-Testing Crossings
The bureau will continue identification and inventory of high-consequence pipes and will
work with M&C to exercise high-consequence valves and verify shutdown capability
through leak-down tests. The bureau will continue to inventory assets and shutdown
valves for pipes that serve critical customers and travel through areas at risk of landslides.
Washington County Supply Line Interior Inspection
Further investigation is warranted at this time to determine the integrity of the interior of
the WCSL pipe. In 2012, points of interest that could potentially be leaks were identified
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through acoustic leak detection investigations. Table 14 describes the sections of the WCSL
that are slated be inspected in 2016.
Table 14. WCSL Internal Inspection Project Area Overview
Distance
(feet)

Section

General Description of Location

Stations

1

SE 28th Avenue & Reedway to SE 23rd & Reedway

33+30 to 19+17

1,413

2

SE 23rd & Reedway to SE 18th & Ellis

19+17 to 5+00

1,417

3

SE 18th & Ellis to SE 17th & (ssl) Knight

5+00 (phase II) to
10+00 (phase III)

1,203

4

SE 17th & (ssl) Knight to SE 17th & Henry

10+00 to 20+90

1,090

5

Cut for Hannah Mason Pump Station (somewhere in
Willamette Park) to Existing Fulton Pump Station

100+00 to 92+50
(approximates)

750

Conduits
As part of Conduit Rehabilitation Plan, the bureau will begin with an inspection of the
interior of the conduits. The inspections, to be conducted between 2016 and 2018, will
provide information needed to make decisions for repair, rehabilitation, or replacement.
The conduit inspection work will be part of the Capital Improvement Plan budget. Bureau
staff will use protocols for large pipe entry, inspection, and data collection developed
during the 2014 WCSL inspection. The project team will review the inspection results and
develop recommendations for future inspections.

4.4.3 Opportunistic Pipe Break Inspection and Data Collection
Bureau Asset Management staff will continue to work with M&C to refine failure modes
and data collection efforts. In addition, AMB will pursue data collection during pipe failure
events.
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5. Implementation of Reliability-Centered Maintenance
5.1

Primary Objective and Steps

Reliability-centered maintenance (RCM) is a multi-faceted approach to improving asset
maintenance. It includes establishing a standardized list of assets, called a register;
gathering data about current asset status; defining and refining maintenance tasks and
activities; setting a baseline and targets for improvement; and recording activities into
CMMS. The primary objective of RCM is to achieve cost-effective maintenance that is
appropriate for the asset and its level of service. The implementation steps are listed in
Table 15.
Table 15. Steps Toward Implementing RCM
#

Implementation Steps

1

Complete asset register for all maintenance-managed items

2

Complete work-order scheduling structure in computerized maintenance management
system (CMMS)

3

Record and track maintenance actions in CMMS

4

Develop predictive/preventive maintenance strategies

5

Implement cost effective predictive and preventive maintenance activities such as all
mechanical/rotating equipment, all electrical instrumentation equipment, line valves,
control valves such as regulators and altitude valves, and facilities

6

Set maintenance targets

7

Meet or exceed performance targets (such as the percentage of preventive and
reactive maintenance)

8

Develop RCM strategy for certain asset categories

9

Refine workflow processes

10

Systematically implement RCM throughout the bureau

5.2

Key Projects

PWB is working on several major projects related to implementing RCM. The projects
include performing condition assessments on higher-priority assets, implementing a mobile
CMMS application for field staff, registering key supply assets, supporting the entry of
asset and maintenance information for new assets, documenting maintenance and
analyzing maintenance categories, and documenting and assessing high-consequence
valves.
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5.2.1 Condition Assessment on Consequential and Maintenance-Managed
Assets
Staff perform condition assessments on assets that are high risk and/or managed through
CMMS. Condition information is recorded and stored in CMMS. Staff perform condition
assessment during scheduled maintenance activities or as opportunities arise. Condition
information is used to determine the likelihood of asset failure and modify the maintenance
schedule if necessary.

5.2.2 CMMS Mobile Application
The bureau developed and deployed an application for mobile devices that provides
Operations staff with work orders, data-entry screens, and asset information in the field.

5.2.3 Headworks Assets
Bureau staff have developed an asset hierarchy and registered all supply assets in CMMS.
Maintenance work-order tracking and failure coding through CMMS is being implemented.

5.2.4 Transition of New Facilities
The bureau is in the process of registering all new facilities within CMMS, inputting
maintenance practices, and enabling failure coding.

5.2.5 Facility Drawings
The bureau has started to create site drawings for all facilities, such as tanks and pump
stations that have not been documented or have not been updated. AMB staff are
coordinating the effort among multiple departments.

5.2.6 Documenting and Analyzing Maintenance
Bureau staff track maintenance activities through CMMS for assets. CMMS categorizes
activity as preventive or reactive maintenance. Bureau staff are beginning to analyze the
types of maintenance activities as part of developing the most cost-effective mix.

5.2.7 High-Consequence Facility Valves
The bureau is developing master drawings for all facility high-consequence valves and
registering the valves in CMMS and GIS. Engineering and field staff perform valve
exercises and condition assessments to obtain data and reduce risk of valve failure. The
bureau has begun a program of testing high-consequence valves under highways and
railroads while checking for leaks within the pipeline crossing between the valves.
The leak-down test assess both pipeline and valve integrity. Once valves are closed and a
pipeline section is successfully isolated and relieved of a known amount of pressure,
bureau staff can determine whether one of the valves or the pipe itself has a leak. If the
pressure in the pipe section rises, that means there is water entering the system and then
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there is a leak in one of the valves. If the pressure goes down, that means water is leaving
the system and there is a leak in the pipe. Figure 2 shows leak-down test results indicating
that both valves are working and there is no leak in that section of pipe.

Figure 2. Leak-Down Test Results for a Crossing of I-5

5.3

Status of Work for Calendar Year 2015

The bureau’s biggest accomplishments to-date have been establishing an asset registry in
CMMS, implementing the mobile application and asset failure coding during the work
order closeout process, and generating an increasing number of recurring work orders.
Operations staff have been implementing asset failure coding; AMB staff have used the
data to better understand how assets fail. Understanding asset failure modes helps the
bureau develop strategies for condition assessment, maintenance, and estimating remaining
asset life.

5.3.1 Condition Assessment on Consequential and Maintenance-Managed
Assets
PWB staff perform condition assessments on sections of the Washington County Supply
Line and transmission mains as well as high-consequence valves. Staff developed a conduit
and transmission mains condition database linked to GIS and created condition inspection
sheets to standardize future inspections. Engineers inspected and recorded conditions for
appurtenances for Conduits 3 and 4. Operations staff modified maintenance practices to
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include facility condition inspection and data capture during regularly scheduled
preventive maintenance.

5.3.2 CMMS Mobile Application
Operations staff enter condition status on high-consequence assets through the CMMS
mobile app during the work-order closeout process. The bureau continues to transfer
paper-based processes to electronic format and develop more ways for field crews to share
information with each other and with planners/schedulers.
Although a formal efficiency study has not been performed, anecdotal evidence indicates
that Operating Engineers have experienced significant efficiencies from the ability to access
information from the field.

5.3.3 Headworks Assets
The Headworks assets have been entered into and registered in CMMS. Required
maintenance has also been entered and work orders are being created through CMMS.
Lusted Hill treatment facility assets are being registered through CMMS.

5.3.4 Transition of New Facilities
All new facilities are being entered into the registry in CMMS. Approximately 90 percent of
new facilities have been entered.

5.3.5 Facility Drawings
In 2015 the bureau finalized a standard for facility drawings. Prior to developing a
standard drawing, the Operations group did not have field-verified and current facility
drawings for its work.

5.3.6 Documenting and Analyzing Maintenance
Bureau staff analyze asset failure information for asset classes in which the corrective
maintenance hours are many—this is particularly relevant for the electrical,
instrumentation, and controls assets. The analysis is examining possible patterns within the
corrective maintenance hours and failure coding to determine whether there is a business
case for a capital improvement project that would increase productivity. The analysis
indicates that, in general, as preventive maintenance tasks are increasing, reactive
maintenance tasks are decreasing. The baseline data also include years for the startup of
several new assets, so data collection for the baseline will continue to better establish PWB’s
maintenance trends.

5.3.7 High-Consequence Facility Valves
Approximately 80 percent of the high-consequence facility valves have been registered in
CMMS. The bureau is working on creating operational and master drawings. About 10
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percent of the high-consequence valves have been drawn to a 90 percent complete stage.
These drawings will be plotted into GIS. All of the new drawings will be field verified and
used during regular operations as well as in case of emergency.

5.4

Planned Accomplishments for Calendar Year 2016

5.4.1 Condition Assessment on Consequential and Maintenance-Managed
Assets
Staff will continue to collect and evaluate asset failure coding and analyze trends to develop
asset deterioration curves for consequential assets in order to better predict the likelihood of
failure. Staff will continue to gather data on high-consequence pipes and appurtenances.

5.4.2 CMMS Mobile Application
The bureau will create a CMMS interface for M&C staff and train crews on how to use it.
The interface will include updated field reports. Implementation includes a small-group
pilot project to launch in early 2016. CMMS will also include more robust work-order
tracking to better document the project life cycle and determine where process
improvements need to be made. The update will include automated alerts for assets that
fall below a set condition threshold. The bureau’s goal is to further reduce the amount of
reactive and emergency maintenance needed, especially for key assets.

5.4.3 Headworks Assets
The bureau will complete registering Lusted Hill treatment facility assets in CMMS.

5.4.4 Transition of New Facilities
Bureau staff will complete the entry of data for new facilities into CMMS.

5.4.5 Facility Drawings
Bureau staff will continue to develop facility site plans.

5.4.6 Documenting and Analyzing Maintenance
The bureau will analyze preventive and reactive maintenance hours and propose a target
ratio of preventive and reactive maintenance activities for optimizing maintenance
effectiveness. PWB will also continue to research preventive to reactive maintenance rates
at other utilities to provide context for PWB data.

5.4.7 High-Consequence Facility Valves
The bureau will continue to map facility valves and store information in a database linked
to GIS. Field staff will perform condition assessments on facility valves and store
information. New drawings will be verified in the field for use during routine and
emergency operations.
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6. Water Loss and Outages
6.1

Primary Objectives

The bureau’s primary objectives for gathering information on water loss and outages
include developing a better understanding of the sources of water loss and non-revenue
water, considering opportunities to better manage system water leaks, and use customers’
perceptions of water outages to generate process improvements.

6.2

Key Projects

6.2.1 Water Audit
The water audit was a desktop process that estimated actual water losses from system leaks
(called real loss) and potential revenue losses from data handling and unrecorded data
errors (called apparent water loss in the audit).

6.2.2 Leak-Management Activities
Ongoing leak-management activities include responding to leak reports, investigating
utility project sites to establish baseline conditions, and surveying the water system by
quartersection. One-time leak management includes using outside sources to survey highconsequence pipes.

6.2.3 PWB Customer Survey
The research objectives for the customer survey include investigating customer acceptance
of planned and unplanned outages, including the duration of the outage and the bureau’s
customer notification.

6.3

Status of Work for Calendar Year 2015

6.3.1 Water Audit
The preliminary results of the water audit were available in November 2015. The audit,
conducted by Black & Veatch consultants, used system data from Fiscal Years 2012-13 and
2013-14 and included data validation by water industry standards.
The audit measures losses in two ways: (1) system leaks and breaks and (2) errors generated
while collecting, storing, and manipulating customer usage data. The estimated the average
water losses from leaks and breaks was approximately 50 gallons per connection per day.
This amount is comparable to the median value for utilities that participated in a 2014
AWWA national water audit. The draft study recommended that a feasible five-year target
for real water loss is 30 gallons per connection per day.
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PWB had a lower estimated level of loss from errors generated while collecting, storing, and
manipulating customer usage data. Inaccurate retail meters, unauthorized consumption,
and systematic data-handling errors can contribute to this total. The study estimated a
current daily loss equivalent to approximately 7 gallons per connection per day. This
amount is consistent with other utilities studied in a 2014 AWWA national water audit.
The audit gave PWB scores of 61 and 67 out of 100 for data validity in Fiscal Years 2012-13
and 2013-14, respectively. Data validity scores are based on the level of standardization,
record-keeping, documentation of procedures, and cross-checking that the bureau
conducts. PWB’s scores are typical for water utilities using the AWWA-approved
methodology for investigating water loss.
The final Water Audit and Strategic Water Loss Control Plan will be available in 2016. The
final plan will include recommended action items for the bureau.

6.3.2 Leak Detection and Response
PWB has an active program of surveying its distribution system for leaks. In 1999, the
bureau purchased a leak correlator to help the leak crew pinpoint leaks with greater
accuracy. The correlator uses hydrophones attached to listening points some distance apart.
If there is a leak between the two points, the correlator will use sound travel times from one
hydrophone to the other to determine exactly where the leak is happening.
For approximately two years following the purchase of the new leak correlator, the number of
leaks detected in the system was much greater than in prior years. The leak rate dropped back
to pre-correlator levels (at about 300-400 per year) after the first two years and has remained
steady since. The rise in detected leaks was probably due to instituting a new record-keeping
system and the greater ability of the correlator tool to find and pinpoint small leaks.
In 2013 the bureau purchased a hand-held ground microphone for the leak-detection crew
to use during system-wide surveys. The ground mic is capable of acoustic amplification of
leaking pipes and allows a technician to detect leaks when surveying the pipe alignment at
the ground level. In 2014, PWB purchased six programmable leak correlators capable of
more precise leak locating and storing up to a week of survey data. The programmable
feature enables the crew to leave the correlators in difficult locations (such as pipes crossing
highways where noise interference can create inaccurate results) for extended periods of
time to log larger quantities of high-quality data.
The improvements in technology, specifically the sensors used to monitor the acoustics,
have enabled the leak detection crew to more accurately identify the location of leaks,
reducing the amount of “chasing” the leak the excavation crew has to perform, and, as a
result, reducing repair crew time and pavement restoration costs. After the purchases of the
equipment in 2013 and 2014, the number of leaks detected increased—similar to the
increase in 1999—due to the more sophisticated technologies’ abilities to detect leaks.

6. Water Loss and Outages

44

Asset Management Progress Report for 2015

Asset Operations and Maintenance

At present, PWB has a crew of two full-time leak locators. The crew conducts block-byblock surveys of distribution piping, hydrants, and services or pinpointing suspected leaks
that have been reported by the district supervisor, the public, or through preemptive
investigations to proposed utility work that may impact PWB assets. At present, it takes the
crew almost seven years to make it through the entire distribution system one time.
If the leak-locator crew finds a small leak, it is entered into CMMS and a work order is
generated. Once the leak has been repaired, the work is verified and the work order is
closed out. Appendix I describes the leak locate work flow process as well as the process the
repair crews follow in response to leaks and breaks.

6.3.3 One-Time (Contractual) Leak Detection Activities
Since 2009 PWB has contracted with outside services to assess leaks on 40 miles of largediameter pipe. The assessments have used acoustic leak-detection technologies such as
hydrophones and leak correlators. The methods used have not proved to be particularly
reliable. The pipe surveys have identified eight points of interest. Two of the points of
interest identified on an uncased crossing of I-205 were not validated after a leak-detection
device was inserted into a pipe. A more reliable method of leak detection is available but
the bureau cost for assessment is also much greater.

6.3.4 PWB Customer Survey
PWB’s customer survey includes research objectives to measure customer attitudes and
opinions about aspects of planned and unplanned water outages. The survey will be
designed to find out the length of time that customers consider acceptable to be out of
water, the amount of advanced notice customers think is optimal for a planned outage,
and customers’ preferred method of receiving communications about water outages
(Figure 3). See Section 1 for more information about the customer survey.

Figure 3. Sample Survey Questions
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Planned Accomplishments for Calendar Year 2016

6.4.1 Water Audit
The bureau will review the list of recommended actions in the Water Audit and Strategic
Water Loss Control Plan and evaluate the potential benefits and costs of implementing the
actions.

6.4.2 Ongoing Leak Detection and Response
Portland Water Bureau’s proactive approach to managing water loss in the distribution
system includes year-round leak locate surveys conducted by M&C staff. The M&C leakdetections crews will collaborate with AMB staff using programmable correlators to survey
approximately 20 highway and railroad crossings that pose a high consequence of failure.

6.4.3 PWB Customer Survey
The customer survey will be completed and results will be available in the last quarter of
2016. The bureau will consider whether Key Service Levels or Programmatic Service Levels
for outages need to be changed once the survey findings are available.
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ASSET RENEWAL
The Asset Renewal category includes work to forecast infrastructure replacement needs and
identify funding requirements. Forecasting replacement of pipes and other assets requires
understanding the expected useful life of assets, the factors that can reduce expected useful
life, and the bureau’s strategy toward different assets (some pipes, for example, are run to
failure).
In the past, forecasting methods for pipe replacement used by the bureau relied solely on
engineering estimates of pipe life, based on material, size, location, and—for steel pipes—
whether the pipe had cathodic protection. AMB staff are integrating field data on pipe leaks
and breaks with the estimating data in an effort to refine and improve the bureau’s
estimates of useful pipe life. For other major assets—primarily pump stations, tanks, valves,
meters, terminal reservoirs, facilities, roads, and instrumentation and controls—the
bureau’s asset management plans provide snapshots of replacement needs, estimated at the
time the AMPs were written.

7. Forecast Infrastructure Replacement Needs and Funding
Requirements
7.1

Primary Objectives

Understanding asset condition and forecasting replacement are key components of proper
life cycle asset management. Having reliable condition estimates helps PWB plan for
preventive maintenance, repairs, and replacement. Forecasting infrastructure replacement
levels will be used to define future budget levels needed. Any indications that future
replacement rates would exceed current levels may lead to higher levels of replacement in
the shorter term.

7.2

Key Projects

7.2.1 Likelihood Assessment Process Tool For Pipes
The Water Bureau (and the water industry) has been focusing on pipe replacement
forecasting. The first step is to create curves that predict pipe failures for classes of pipe
called cohorts. 7 These Weibull failure curves provide an estimate for a category of pipe,
such as cast iron pipe 10 to 12 inches in diameter.
Typically, PWB does not replace the majority of pipes when they fail. PWB remediates pipe
failures by repairing or replacing the length of pipe where the failure occurred, but not the

7 A cohort is a group of pipes that are assumed, based on similar material, size and installation date, have
the same failure behavior.
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entire segment of pipe, which may be several hundred feet. When a part of a pipe fails, the
segment is entered into the bureau’s RANK database. The segment may be replaced within
a few years or remain in the database for decades, depending on the factors that rank its
priority in the system. Pipe segments with multiple leaks and breaks are ranked as higher
priorities for replacement. Pipe replacement is also affected by interagency projects, paving
moratoriums, and petitioner requests.

7.2.2 Replacement Forecasting
Replacement forecasts will be created for the major asset groups. Major asset groups
include conduits, dams, facilities, groundwater facilities, hydrants, pump stations, roads,
services, terminal reservoirs, tanks, valves, and vaults.

7.3

Status of Work for Calendar Year 2015

7.3.1 Likelihood Assessment Process Tool For Pipes
In 2015, bureau staff updated the statistical analysis for the Weibull curves for the various
pipe cohorts. At the time of the previous analysis for creating Weibull curves, 15 percent of
pipe age was unknown. A disproportionate proportion of pipe breaks, leaks, and joint
failures (46 percent) occurred on pipes with unknown age. In order to improve the pipe
failure curve estimates, the bureau estimated the installation date for sections of cast iron
pipe where it was not known (see Section 9 for more detail). The new CI pipe data is a key
input for the new estimated Weibull curves for CI pipe.
A pipe is subject to external environmental factors that may increase its probability of
failure above that predicted by the Weibull curves. In order to facilitate estimating failure
curves on pipes with additional environmental factors or prior failures, the bureau
developed the Likelihood Assessment Process (LAP) model. The LAP model includes fields
to enter the environmental factors and leak/break history specific to one pipe section. Using
the environmental and past failure history, LAP generates adjusted failure curves.
The LAP template also performs automated risk analysis and can produce a benefit cost
ratio. The risk analysis tabs generate generalized likelihood and consequence ratings to
derive overall risk ratings. The risk analysis is further divided into the different types of
failures, from catastrophic failures such as a horizontal break (type I) to the lowconsequence types of failures such as a pinhole leak (type III).
The LAP final tabs allow the analyst to enter cost and consequence estimates so that the
model will automatically calculate financial costs and risk costs for replacing the pipe now
compared to allowing the pipe to run to failure or lining the pipe. The final output includes
benefit-cost ratios for these alternatives.

7. Forecasting Infrastructure Replacement

48

2015–2017 PWB Asset Management Tactical Plan

Asset Renewal

Although the LAP model is important in generating predictive failure and benefit-cost
analyses on specific pipe segments, the results should not then be generalized back to the
pipe cohort. The bureau’s replacement forecast for pipes in the overall forecast use the
standard unadjusted Weibull curves as the starting point.

7.4

Planned Accomplishments for Calendar Year 2016

•

Estimate new Weibull curves for all cast iron cohorts using the updated database with
install year estimates for all pipes

•

Estimate install year for all ductile iron and steel pipe segments and use the updated
data on pipe install year

•

Develop a methodology for estimating pipe replacement and estimate pipe replacement
forecasts. This may include using Weibull failure curves as a first step to determine
replacement based on pipe condition. Pipe replacement forecast will also include other
factors such as interagency work, moratoriums, and petitioner requests.

•

Start to develop replacement forecasts for one or two other asset classes. The Asset
Management Steering Committee will provide input in prioritizing asset classes for
replacement forecasting.
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BUSINESS SUPPORT SYSTEMS
Projects in the bureau’s business support systems include efforts to evaluate and implement
a capitalization policy for certain assessment work, ongoing efforts to improve bureau
technology systems, and documentation of business work flows. The bureau’s Finance
department is updating its capitalization policy with input from stakeholders. Integral to
improving, integrating, and streamlining data sources is developing an asset management
plan for Technology Systems. The Data Management Steering Committee meets monthly to
discuss the bureau’s technology systems and the AMP.

8. Capitalization Policy
8.1

Primary Objectives

The bureau’s primary objectives for asset management business support systems include
defining criteria for funding asset condition assessment through capital funds.

8.2

Key Projects

Several bureau departments are collaborating to develop a capitalization policy based on
best practices in the water and accounting industries

8.3

Status of Work for Calendar Year 2015

Asset Management Coordinator Jeff Leighton provided policies from other large water
providers to PWB Finance and the Asset Management Steering Committee. Finance is
developing an updated capitalization policy. The updated policy outlines definitions and
terms for using capital funds to assess the condition of assets prior to follow-up actions
under certain criteria. The full text of the bureau’s capitalization policy appears as
Appendix J.
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9. Technology Systems and Business Work Flows
9.1

Primary Objectives

•

Map business processes and work flows to support the eventual development of an
integrated data management system

•

Improve technology systems and asset data to support asset tracking, management,
and decision-making

9.2

Key Projects

•

Estimate installation dates for cast iron pipes with unknown installation date

•

Create and digitize facility drawings

•

Develop a Technology Systems Asset Management Plan

•

Map business work flows

9.3

Status of Work for Calendar Year 2015

9.3.1 Cast Iron Pipe Date Estimation
AMB staff have estimated the date of installation for more than 413 miles of cast iron pipe
with unknown installation dates. The data have been entered into the bureau’s GIS data.
Staff used information from surrounding properties and assets—including tax-lot data and
known install dates for other distribution and transmission pipes and appurtenances—to
provide an engineering estimate for each segment of pipe. The date estimates can be used in
forecasting replacement needs (see Section 8) and as part of AMB’s forensic investigations
when pipes break (see Section 5). Figure 4 shows the locations of the nearly 413 miles of cast
iron pipe with estimated installation dates.
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Figure 4. Cast Iron Pipe with Installation Dates Estimated (Blue and Green), Total 412.7 Miles

9.3.2 Digitized Facility Site Plans
The bureau has begun creating facility site plans for pump stations and tanks as part of an
effort to map all facilities and assign asset ID numbers. In 2015, six facility site plans were
mapped to completion or about a 90 percent stage and five more were started (Table 16).
The bureau’s goal is to have all completed facility site plans completed in the next five
years. Appendix K is a list of all 68 sites for which site plans will be developed, with a
schedule for completion when available.
Table 16. Facility Site Plan List and Status or Schedule for Completion
#

Facility

Status

1

NORTH LINNTON TANK & PUMP STATION

COMPLETE

2

LEXINGTON TANK & SE 112TH AVE PUMP STATION

90%

3

SAM JACKSON TANKS & PUMP STATION

90%

4

STEPHENSON TANKS & PUMP STATION

90%

5

PORTLAND HEIGHTS TANKS & PUMP STATION

90%

6

BURLINGAME TANKS

90%

7

GROUNDWATER RESERVIOR & PUMP STATION

30%

8

WHITWOOD TANK & PUMP STATION

30%

9

FOREST PARK HIGH TANK

30%

10

WILLALATIN TANK

30%

11

COUNCIL CREST TANK

30%
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9.3.3 Technology Systems Asset Management Plan
The Technology Systems AMP has been completed to about a 20 percent level. Major
systems have been inventoried and the AMP discusses failure modes for several hardware
and software systems. A calculation of replacement value, discussion of condition and
useful life, estimate of consequences of failure, evaluation of asset- and bureau-wide risks,
and list of strategic recommendations will be provided.

9.3.4 Business Work Flow Mapping
PWB worked with a consultant that identified the steps required for work-flow mapping
and recommended that PWB invest in a work-flow mapping software. Resource issues have
prevented PWB from continuing work to implement the recommended steps.
Bureau staff have documented work flows for routine and emergency leak location. AMB
and field staff will collaborate on documenting line surveys of leaky mains and mapping
the break-response process. This process mapping will include documenting the criteria for
pipe throttling, valve closure, and supplying supplemental water. Documentation of
surveying service areas for leaks is in initial stages.

9.4

Planned Accomplishments for Calendar Year 2016

9.4.1 Digitized Facility Site Plans
In 2016, the bureau’s goal is to complete the incomplete drawings begun in 2015 and
complete another 12 facility site plans. Appendix K includes the full list of all 68 facility site
plans and the target completion dates.

9.4.2 Technology Systems Asset Management Plan
Work will continue on the Technology Systems AMP.
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IMPROVEMENT AND INFORMATION
The bureau participates in benchmarking, reports on its assets, and analyzes and quantifies
the benefits of asset management. Members of the AMB participate in developing
competency in asset management throughout the organization.
The Water Bureau has been involved in benchmarking its progress in asset management
since 2006. Through participation in several national and international benchmarking
efforts, the bureau has both seen its performance improve over the years and developed
new goals for improvement. Asset management standards from the International Standards
Organization (ISO), representing the best available practices, provide a roadmap for future
improvement.
AMB staff report to the rest of the bureau and the city on the current state of the bureau’s
assets. An Inventory and Condition Report documents the status of assets. The bureau’s
Statistical Report records current service levels, water supply and consumption, major
water-quality metrics, and other facts about the bureau.
Asset management reports and analyses are major contributors to the bureau’s decisionmaking about budget investments. The benefits of capital projects and operations strategies
and processes are weighed in business cases and asset management plans. Risk costs are
calculated as part of the bureau’s risk-evaluation process. In several areas, the asset
management recommendations and actions have helped shape initial project plans or
helped the bureau avoid risk costs. AMB records the financial benefits or avoided costs the
bureau has realized through asset management.
The bureau has several workshops and training aids for staff on various aspects of asset
management. Training and information includes workshops and classes to City staff,
specific training to field staff on documenting pipe condition, and ongoing presentations to
members of the AMSC on activities at the bureau and at other water utilities.

10. Benchmarking
10.1

Primary Objectives

The bureau’s primary objectives in implementing benchmarking projects are to
•

Measure PWB progress in implementing asset management

•

Identify opportunities for PWB improvement

•

Compare PWB performance to other water utilities

•

Identify other utilities that are best-practice leaders in asset management
implementation

•

Gain information from other utilities to improve PWB performance

10. Benchmarking
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Key Projects

In 2015, the bureau participated in a national survey of water and wastewater utilities by
the American Water Works Association (AWWA), Establishing the Level of Practice in
Utility Asset Management. In 2016, the bureau will participate in the Water Services
Association of Australia (WSAA) international benchmarking effort.

10.3

Status of Work for Calendar Year 2015

In May 2015, PWB participated in the AWWA National Survey, Establishing the Level of
Practice in Utility Asset Management. The survey sought to identify the status of asset
management implementation at water and wastewater utilities in the U.S. and Canada.
Representatives from more than 500 utilities around North America responded to 20
questions on the status of asset management implementation at their utility.
In many areas, PWB scored at or near the top for implementation (see Figure 5 for an
example). Notable practices at the bureau that are among the best practices of all utilities
include the following:
•

Developing advanced asset management plans for most assets (PWB is among the
top 2 percent)

•

Requiring business case evaluations with triple-bottom-line factors for significant
investment decisions (PWB is among the top 5 percent)

•

Documenting asset levels of service (PWB is among the top 10 percent)

•

Risk assessment and mitigation (PWB is among the top 10 percent)

Figure 5. Sample of PWB Results Compared to Other Water Utilities in U.S.

10. Benchmarking
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The Water Bureau showed implementation in the mid-to-high-practice levels in the
following areas:
•

Populating an asset register and using a computerized maintenance management
system (PWB is among the top 15 percent)

•

Applying predictive maintenance to vertical assets (PWB is among the top 20
percent)

•

Moving from reactive to planned maintenance (PWB is among the top 25 percent)

•

Predicting water distribution pipe replacement

•

Mapping both linear and vertical assets

•

Assessing linear and vertical asset conditions and storing condition data in a
spreadsheet

PWB will use the survey results as a gauge to set the course for improvements in the years
to come. Asset Management Coordinator Jeff Leighton’s presentation on survey results is
available as Appendix L of this report.

10.4

Planned Accomplishments for Calendar Year 2016

The Water Bureau will participate in WSAA’s international benchmarking effort, the Asset
Management Customer Value (AMCV) Project. The AMCV evaluation is the 2016 version of
the Aquamark benchmarking project in which the bureau participated in 2008 and 2012.
The AMCV evaluation includes metrics that align with the International Standards
Organization (ISO) 55000 criteria for asset management. The benchmarking results will help
the bureau identify its level of practice in asset management, map areas for improvement,
provide information and tools from best-practice leaders, and provide four years of online
access to the network of utilities that participated in 2016.

10. Benchmarking
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11. Asset Management Reports
11.1

Primary Objectives

The bureau’s primary objectives in researching and gathering information in asset
management reports are to provide information on
•

the current status of assets, by asset and by program.

•

basic bureau activities, such as water supply and consumption, performance on
service levels, water quality, staffing, and asset summaries.

11.2

Key Projects

The bureau has two regular reports on its assets—the Inventory and Condition Report and
the Statistical Report. The Inventory and Condition report is created approximately every
three or four years and the Statistical Report is issued annually.
Bureau inventory and condition information (water system inventory, condition estimate
and replacement value) is summarized in the annual Citywide Assets Report and bureau
budgets and financial plans. That City asset report includes an estimate of the funding gap
for each bureau based on information supplied by the bureau. The funding gap shows the
difference between the funding needed to address infrastructure needs (repairs,
rehabilitation, and replacements; addressing regulatory requirements, and addressing any
gaps in capacity) and the funding available. The funding gap information is presented to
the Portland City Council each year. The Statistical Report of the water system covers
service levels, water supply and consumption, capital assets, an analysis of water quality,
and personnel.

11.3

Status of Work for Calendar Year 2015

The Statistical Report was issued in March 2015. Information gathering for the Statistical
Report occurs throughout the year as data become available from various work groups.

11.4

Planned Accomplishments for Calendar Year 2016

Following the historical trends of past issuance (the frequency has been every four years—
2006, 2010, 2014 are the last three dates of issuance), the next Inventory and Condition
Report will be produced in 2018.
The Statistical Report will be published annually at the end of the fiscal year following the
previous report. For example, the report for FY 2014-15 will be produced in June 2016,
which is the end of the 2015-16 fiscal year.
Starting in 2016, a forecast of asset replacement needs will be generated and published in a
report. See the Asset Management Tactical Plan, Tactical Area 8, Forecast Infrastructure
Replacement Needs and Funding Requirements, for more information.
11. Asset Management Reports
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12. Quantified Benefits of Asset Management
12.1

Primary Objectives

The bureau’s objective is to assess the benefits of the asset management program and
quantify triple-bottom-line benefits for both one-time capital and life-cycle investments. The
benefits are calculated in terms of risks or costs avoided.

12.2

Key Projects

The bureau evaluates and tracks the fiscal benefits of using an asset-management approach
compared to using more traditional engineering approaches.

12.3

Status of Work for Calendar Year 2015

By adopting an asset-management approach, the Portland Water Bureau has achieved
benefits for hundreds of individual assets. In some cases, the asset-management
recommendation resulted in changing maintenance to use fewer resources; in other cases,
the analysis of benefits and costs has resulted in developing alternative methods for
reaching a service goal, reducing the scope of a capital project to more appropriately
achieve a goal, or reducing a risk cost. Table 17 provides highlights of some of the fiscal
benefits the bureau has realized through asset management.
Table 17. Benefits of Asset-Management Approaches
Asset Issue

Original Approach

Asset-Management Approach

Net Benefit

Overhauls of
hydrants

Increase rate of
overhauls at annual
cost of $500,000

Eliminate overhauls with resulting
annual increase in repairs of
$100,000

$400,000 a year in
avoided costs

Pump station
replacement

Replace pump
station at cost of $6
million

Replace only obsolete electrical
system. New more efficient pumps
not justified. $1 million project

$5 million in avoided
costs

Back-up
water supply

Use supply as
needed

Operate annually if not needed for
supply to extend life of motors and
provide training

Quantified net benefit to
limited annual pumping

Tank
replacement

Replace tank at a
cost of $600,000

For next 25 years, use emergency
connection to adjacent pressure
zone. Install bypass and pressure
regulator for $100,000

Avoided $500,000 cost
for 25 years

Pipe hanging
under bridge
– out of
alignment

Not inspected

Inspection of high-consequence
pipes on bridges. Imminent failure
identified; potential impacts similar
to 1985 and 2010 failures.

Avoided a potential $10
million cost of pipe
failure (includes social
costs)

Pipe hanging
under bridge
– corroded

Not inspected

Inspection of high-consequence
pipes on bridges. Imminent failure
identified; potential impacts similar
to 1985 failure.

Avoided a potential $5
million cost of pipe
failure (includes social
costs)
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Table 17. Benefits of Asset-Management Approaches
Asset Issue

Original Approach

Asset-Management Approach

Net Benefit

Recurring
slides onto
watershed
road

Continue with
periodic clean up

Rock scaling and debris clearing
avoids risk to staff to clean up near
cliff during/following storm events

Avoids millions of dollars
in risk cost for potential
injuries or fatality,
considered likely in next
20 years

Corroded
tank in public
park

Continue to use

Take out of service to avoid risks,
without impact to supply

Avoids safety risk
considered likely in next
20 years

Pump station and piping
$500,000 in avoided
Insufficient fire Pump station and
costs
flow in service piping improvements improvements to reach reduced
area
fire flow that impacts firefighting
to achieve full fire
flow
only marginally – acceptable to Fire
Bureau
Pump
Oil analysis and
maintenance motor starter
preventive
maintenance same
for all pumps

Reduced oil analysis and motor
starter preventive maintenance on
redundant pumps

$20,000 in reduced
annual costs

Fall hazards in No improvements
tanks and
implemented
vaults
(to date)

Risk-cost justification for
improvements

Risk cost of potential for
worker disability in next
20-50 years far exceeds
upgrade costs

Electrical
system
hazards in
confined
space

Risk-cost justification for
improvements

Risk cost of potential for
worker electrocution in
next 50-100 years
exceeds upgrade costs

Meters with higher annual
consumption and poorer condition
(determined by total consumption
through meter and previous test
accuracies) tested and repaired on
a more frequent basis, newer
meters and/or with lower annual
consumption tested less frequently

Meters most likely to
degrade and with higher
usage to be tested and
repaired more frequently
thus reducing the
amount of unrecorded
water

No improvements
implemented
(to date)

Large meter
Test and repair
maintenance meters on schedule
as determined by
size, per AWWA
guidelines

The full memo on the benefits of asset management is available as Appendix M.

12.4

Planned Accomplishments for Calendar Year 2016

The bureau will continue to track and document the benefits of PWB’s asset management
efforts.
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13. Developing Asset-Management Competency
13.1

Primary Objectives

The bureau’s primary objectives in developing asset-management competencies at the
bureau are the following:
•

Increase the number of PWB staff who are knowledgeable about and skilled in asset
management

•

Exchange ideas and information on best practices with agencies outside the bureau

13.2

Key Projects

13.3

Skills and Knowledge Spread to PWB Staff

AMB Economist Eric Brainich has trained staff in PWB Engineering Planning and Design,
Operations, and Resource Protection and Planning in how to develop a business case.
Project Planning staff have incorporated an analysis of project benefits and costs into all
planning processes and documents. Design staff often request assistance on business cases
when a project’s scope or budget shifts.
AMB members provide guidance to staff in other bureau departments on the technical
aspects of creating asset management plans. Field staff attend refresher courses in CMMS—
how to enter data, why data quality is important, and how bureau analysts use the data—to
ensure high-quality asset data.

13.4

Information Exchanges with Outside Agencies

The Water Bureau is part of the Portland Citywide Asset Management Group. This group
includes representatives from the Bureau of Environmental Services, Transportation, Parks
& Recreation, Fire and Rescue, Planning and Sustainability, City Budget Office, and the
Office of Management and Finance. Members of this group share best practices and
recommend infrastructure policies to City decision-makers. As a best-practice leader in the
water industry, PWB regularly shares information with other agencies in the City.

13.5

Status of Work for Calendar Year 2015

As Chair of the AWWA Asset Management Committee for Engineering and Construction,
Jeff Leighton works with water and wastewater utility managers throughout North
America. Through his professional contacts, Jeff has provided the bureau with best-practice
tools and methods for estimating impact valuation guidelines, developing customer
surveys, creating performance dashboards, assessing pipe condition, and capitalizing
condition assessment. Jeff’s access to information benefits not only the Water Bureau but
also other agencies in the City, particularly members of the Citywide Asset Managers
Group.
13. Developing Asset Management Competency
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Planned Accomplishments for Calendar Year 2016

As a follow-up to the National Survey of Water and Wastewater Utilities on Asset
Management, the AWWA Asset Management Committee (chaired by Jeff Leighton) will be
producing case studies on leading practices. The bureau will have access to the case studies
to compare bureau performance to other water and utilities and identify areas for future
improvement.
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14. Alignment with International Standards
In 2014, the International Standards Organization (ISO) published new standards for asset
management. The series, referred to as ISO 55000, includes goals for implementing asset
management according to best practices for managing and optimizing benefits from assets
throughout their life cycles. Key themes of the standards include alignment of asset
management practices with organizational and business strategies including the following:
•

Develop asset management policies and objectives

•

Define leadership steps

•

Describe organizational roles and responsibilities related to asset management

•

Describe resources needed

•

Identify competencies required

•

Document all aspects of establishing and standardizing asset management (including
work flows, standards and criteria, parameters for decision-making, benchmarks, and
performance).

The Portland Water Bureau AMB proposes evaluating the bureau’s current asset
management framework, identifying areas for improvement, and making improvements
where feasible and practical to create better alignment with the international standards. Table
18 includes specific activities planned to improve the asset management system in 2016.
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Table 18. Objectives, Accomplishments, and Planned Work for Aligning with International
Standards
Accomplishments
ISOa

Objective

Achieved in 2015

Planned for 2016-17

Understanding
the
Organization
and Its Context

4.1

Determine issues that
affect the
organization’s ability
to achieve intended
AM outcomes

AM objectives
support some
organizational
objectives in
Tactical Plan

Evaluate AM
objectives after
bureau Strategic
Plan Update is
produced

Understanding
the Needs and
Expectations of
Stakeholders

4.2

Ensure that AM
approach reflects
needs and
expectations of
stakeholders

Levels of service
(2009), customer
survey on service
levels (2016)
developed with
stakeholder input

Implement
customer survey in
2016; customer
focus groups in
2017; launch PSL
project with internal
stakeholders

Determining the
Scope of the
AM System

4.3,4.
4

Delineate the extent
of AM work; the
points of interaction
with systems for
making decisions,
funding, and
managing assets;
and the opportunities
for improving AM

AM charter,
regular AMSC
meetings, AM
Tactical Plan, AMPs

Continue to clarify
scope of AM system
in meetings and
AM Tactical Plan
updates.

Demonstrating
Leadership and
Commitment

5.1

Demonstrated
support for and
leadership of AM
activities by top
management

AMSC for 10 years,
AMB of 6 staff, use
of the triple bottom
line analysis, risk
service level on
City dashboard

Better integrate
new top managers
into AM efforts

Establish an AM
Policy

5.2

Establish principles by
which the
organization intends
to apply AM to meet
everyday objectives

AM charter,
policies captured
in AM Tactical Plan
and AM Progress
Report

Ensure Roles
and
Responsibilities
Are
Communicated

5.3

Ensure that roles and
responsibilities are
assigned,
communicated, and
there is a plan for
accountability

Roles and
responsibilities are
outlined in the AM
Tactical Plan

Topic
Context

Leadership
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Table 18. Objectives, Accomplishments, and Planned Work for Aligning with International
Standards
Accomplishments
ISOa

Objective

Achieved in 2015

Planned for 2016-17

Address Risk

6.1

Prevent or reduce
asset risk and
improve assessment
of consequential
assets

Well-established
bureau approach
to likelihood of
failure,
consequence of
failure and “risk
attitude”

Continue with
current efforts

Establish AM
Objectives

6.2

Communicate,
monitor, and improve
AM approach

AM Tactical Plan
includes six key
objectives and 15
areas of focus

Continue with
current efforts and
evaluate in 2016
progress report

Determine
Resources

7.1

Ensure continual
implementation and
improvement of AM

Dedicated AMB up
to 6 staff, AMSC
prioritizes work

Continue with
current efforts

Ensure
Competence

7.2

Ensure continual
implementation and
improvement of AM
through staff

Strong efforts on
business risk, failure
code training, and
business cases

Expand training on
business risk,
present service
level hierarchy to
management and
Budget Program
Leads

Foster
Awareness

7.3

Explain to utility staff
the what and why of
AM

There was more
effort in previous
years at staff
meetings. Better
documents now
(Tactical Plan and
AM Progress
Report) but not
shared

Develop a plan for
educating staff
outside of
Engineering
Planning

Determine
Communication
Needs and
Processes

7.4

Standardize
communication
about AM to
stakeholders

Monthly briefings
of AMSC

Expand
communication
beyond AMSC into
budget documents
and staff newsletter

Determine the
Information
Requirements

7.5

Support AM and
organizational
objectives

Information
Systems AMP is
addressing some
of this

AM Tactical Plan,
Tactical Area 10

Topic
Planning

Support
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Table 18. Objectives, Accomplishments, and Planned Work for Aligning with International
Standards
Accomplishments
Topic

ISOa

Objective

Achieved in 2015

Planned for 2016-17

Document
Information

7.6

Data and information
management

Asset registry
mostly populated,
implemented
CMMS mobile
system, some
failure codes
captured, the
number of SOPs in
all areas increasing

Continue
developing failure
codes and SOPs

Cooperation
and
Operational
Planning

8.1

Support the effective
delivery of the
activities described in
the AMPs

AMP strategy
implementation,
REST Committee

Continue with
current effort

Management
of Change

8.2

Mitigate the
consequences
associated with both
planned and
unplanned changes
that can affect
achievement of AM
objectives

Our approach to
risk management
and AMPs have
addressed some of
this

Review planned
and unplanned
changes
Participate in
development of
the bureau’s
strategic plan
update

Control
Outsourcing
Processes and
Activities

8.3

Formalize processes
and activities for
outsourcing

Contracts for
procuring
professional
contracts and
Goods and
Services contracts
are rule-based
activities

Continue with
current effort

Performance Evaluation
Establish a
System for
Monitoring,
Measurement,
Analysis, and
Evaluation

9.1

Set metrics and track
and improve
performance

Levels of service for
six years. Tracking
outages has been
an issue.

Evaluation of
performance
metrics underway
in 2016—customer
survey on KSLs and
review and improvement of PSLs

Conduct
Internal Audit

9.2

Document and
improve asset
management system

External audit
conducted in 2012

Internal audit of Key
and Programmatic
Service Levels
planned for 2016-17

Conduct
Management
Review

9.3

Evaluate asset
management
effectiveness

Meetings of AMSC,
AM Tactical Plan,
AM Progress Report

Continue with
current effort
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Table 18. Objectives, Accomplishments, and Planned Work for Aligning with International
Standards
Accomplishments
ISOa

Objective

Achieved in 2015

Planned for 2016-17

Report and
Correct
Nonconformities
in Assets or AM
System

10.1

Improve process for
handling failures
associated with
assets or AM system

TBL assessment of
failures and
potential highconsequence
failures such as
uncased pipe
crossings identified,
problems with
data gathering
identified and
some addressed

Continue with
current effort

Establish
Processes for
Preventive
Action

10.2

Processes for
preventive or
predictive actions

We have risk
management and
maintenance
management
programs

Could improve our
documentation

Foster Continual
Improvement in
AM

10.3

Improve suitability
and effectiveness of
AM system

Acquire
knowledge
through industry
associations,
conferences such
as AWWA and
Water RF;
participate in
benchmarking

Participate in
AMCV international
benchmarking in
2016

Topic
Improvement

Abbreviations: AM – asset management, AMB – Asset Management Branch, AMCV – Asset
Management Customer Value, AMSC – Asset Management Steering Committee, AWWA – American
Water Works Association, PSL– Programmatic Service Level, SOP – standard operating procedure, TBL
– triple bottom line, Water RF – Water Research Foundation,
aISO number corresponds to the section of the first edition of the ISO 55001, published by the
International Standards Organization, for asset management (Reference number ISO 55001:2014[E]).
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