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1 Executive Summary 

 Overview 
The Great Lakes Water Authority (GLWA) Strategic Asset Management Plan (SAMP) sets 
forth the asset management (AM) strategic framework, improvement strategies, and 
business processes that the GLWA will employ to realize its vision and accomplish its 
mission. To define how the principles from the GLWA SAMP apply to the water system 
managed by GLWA, this Water System Asset Management Plan (WAMP) includes the 
existing state, governance business processes, specific improvement activities summarized 
as defined tactical recommendations, resources, and timescales required to achieve GLWA’s 
water system AM objectives. 

GLWA’s regional water system is one of the largest in the United States, both in terms of 
water produced and population served. The system currently serves an area of 981 square 
miles located in eight Michigan counties and a population of nearly 4 million (or nearly 
40 percent of Michigan’s population). Suburban customers comprise approximately 
82 percent of the population served by GLWA, and the Retail Water Customers comprise the 
remainder. These water system components are graphically shown in in Figure 1-1. It is 
comprised on 23 miles of raw water transmission mains, 800 miles of transmission mains, 
five water treatment plants (WTPs), and 19 Booster Stations. 
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Figure 1-1: GLWA Water System Overview
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 Purpose of the WAMP 
This WAMP serves as a guiding document for instilling AM concepts and promoting AM 
practices across internal and external stakeholders involved in managing water assets. It 
outlines activities and guidelines to meet service levels, optimize asset life cycles, and 
support AM decisions. It provides status information at a snapshot in time which form the 
basis for continuous improvement activities to progress asset management within GLWA. 
Designed to be useful and timely, this WAMP is a living document to be regularly updated 
every three years at a minimum, with amendments that can be implemented annually, if 
discovered, as AM drivers and organizational direction and managed assets change 
throughout the asset lifecycle.  

The WAMP connects cost, performance, and risk while maintaining a line of sight between 
strategic decisions, GLWA planning documents, enhancement needs, operations and 
maintenance activities (O&M), and renewal and replacement requirements. Tactical 
Recommendations, presented as being implemented over a three-year period, together 
comprise the Continuous Improvement Plan in Chapter 9.0. Implementing the Tactical 
Recommendations reflected herein, will take commitment of staff resources by GLWA. 

 State of the Assets  
The GLWA water system assets addressed in this WAMP are listed below and include linear 
and vertical assets.  

Linear assets: 

• Raw Water Tunnels 
• Transmission Mains 
• Isolation Valves 
• Control Valves 
• Booster Pumps 
• Storage Tanks 
• Raw Water Intakes 
• Pressure Sensors 
• Level Sensors 
• Flow Meters  
• Access Structures 

Vertical assets: 
• Water treatment plants (WTPs) 
• Booster Stations 

The state of the vertical assets is summarized in Table 1-1 and Figure 1-2 through Figure 1-7 
for WTPs and Table 1-2 and Figure 1-8 and Figure 1-9 for Booster Stations. The information 
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Figure 1-2: WTPs - Asset Condition b Assessment Type (based on 2021 data) 
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 WAMP - Continuous Improvement Plan 
The current abbreviated Continuous Improvement Plan is shown in Table 1-4. It is 
comprised as a series of Tactical Recommendations to be implemented over a three-year 
period. Detailed descriptions of each Tactical Recommendation are included in Chapter 9.0 
and a detailed Continuous Improvement Plan Tracker is included in Appendix L. 
Implementing the continuous improvement activities reflected herein, will take 
commitment of staff resources by GLWA. 

The Continuous Improvement Plan aims to close a number of key gaps associated with asset 
management governance, service levels, condition assessments, and O&M practices that 
includes improvements in data quality and improvements in business processes and 
procedures. The WAMP Governance Business Processes are presented in Chapter 9 and 
Appendix Mand a summary of the roles and responsibilities is presented in Table 1-5. 
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2 Introduction 
The acronyms used throughout this document are included in Appendix A. For a Glossary of 
Terms, see the SAMP. 

The Great Lakes Water Authority (GLWA) Strategic Asset Management Plan (SAMP) 
establishes the asset management (AM) strategic framework, improvement strategies, and 
business processes that GLWA will employ to realize its vision and accomplish its mission. 
Figure 2-1 illustrates the example practices and activities contained in an effective asset 
management plan (AMP). 

 

Figure 2-1: Example Practices and Activities Contained in an AMP 

To define how principles in the GLWA SAMP apply to the water system managed by GLWA, 
this Water Asset Management Plan (WAMP) builds on the model illustrated above and 
includes the existing state, specific improvement activities, resources, and timescales 
required to achieve GLWA’s water system AM objectives. The goal is to provide the 
framework that will guide GLWA toward more informed decisions regarding lifecycle 
management of water assets from planning to decommission.  

 WAMP Objectives and Content 
This WAMP serves as a guiding document for instilling AM concepts and promoting AM 
practices across internal and external stakeholders involved in managing water system 
assets. It outlines activities and guidelines to meet service levels, optimize asset life cycles, 
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and support AM decisions. Designed to be useful and timely, this WAMP is a living document 
to be regularly updated as AM drivers and managed assets change.  

The WAMP connects cost, performance, and risk while maintaining a line of sight between 
strategic decisions, GLWA planning documents, enhancement needs, operations and 
maintenance activities (O&M), and renewal and replacement requirements. Tactical 
Recommendations (Chapter 9) are included that further develop AM processes. These 
Tactical Recommendations are laid out over a three-year time horizon with assigned owners 
to each. Together, the Tactical Recommendations comprise the Continuous Improvement 
Plan. 

2.1.1 WAMP Objectives 
The WAMP provides information needed to optimize resources, responsibly manage assets, 
and demonstrate GLWA’s commitment to member partner expectations and long-term 
stewardship of water assets. 

By documenting current and future AM strategies, the WAMP provides staff with a logical 
framework to support communication and justification of funding needs to maximize asset 
life and maintain a reliable water system. Figure 2-2 provides the specific objectives of this 
WAMP and includes the specific chapter where each objective is discussed. 
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Figure 2-2: Summary of GLWA WAMP Objectives 

2.1.2 WAMP Contents 
A summary of the WAMP contents and related improvements in each component area is 
presented in table in Table 2-1.  

The WAMP was prepared in a collaborative manner with dedicated engagement from team 
members. Approximately 65 GLWA staff participated in approximately 37 
meetings/workshops between October 2021 and June 2022. These team members include, 
but are not limited to those responsible for operations, maintenance, planning, engineering, 
regulatory compliance, safety, and enterprise AM. A summary table of attendees and number 
of engagement meetings/workshops conducted is located in Appendix B.  
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water system assets is reflected below. Up-to-date information about the requirements for 
each are available through GLWA’s Enterprise Asset Management Group (EAMG).  

• Great Lakes and Energy Consent Agreement (EGLE) – impacts service levels, CIP, and 
O&M 

• Michigan Water Asset Management Council – informs AMP content 
• Michigan Infrastructure Council – informs AMP content 
• America’s Water Infrastructure Act of 2018 – informs security needs  
• Homeland Security –informs CIP and O&M 
• Unregulated Contaminant Monitoring Requirements (UCMR) - informs CIP and O&M 

 Stakeholder Expectations 
Consistent with its organizational vision, GLWA places great emphasis on collaboration with 
its member partners, team members, and other external and internal stakeholders. 
Stakeholder expectations is another driver for managing water system assets. In keeping 
with this emphasis, a workshop focused on stakeholder expectations was held on January 31, 
2019. During this workshop, GLWA used a stakeholder mapping tool to score identified 
external and internal stakeholders in terms of their degree of influence over GLWA, as well 
as their level of interest.  

Figure 3-1 and Figure 3-2 show the results of this stakeholder mapping; Figure 3-1 
illustrates GLWA’s external stakeholders and interests, while Figure 3-2 illustrates internal 
stakeholders and interests. 

 

Figure 3-1: External Stakeholders and Interests 
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Figure 3-2: Internal Stakeholders and Interests 

To connect with stakeholders, GLWA provides outreach through its dedicated One Water 
Partnership Member Outreach Program. The program consists of work groups that involve 
members in technical service as well as financial discussions that support decision-making 
for GLWA’s water and water systems. To support SAMP Improvement Initiative #8 
(Engagement and Networking), GLWA has designated team members working within the 
program, which also includes a contracted third-party facilitator responsible for sustaining 
the rules of collaboration and furthering the transparent exchange of information between 
GLWA and its members. The One Water Partnership Member Outreach Portal is available 
online to facilitate information sharing and ongoing communications. GLWA also holds 
informational workshops, hosts symposiums, and provides educational materials to the 
public. 

Additionally, GLWA Public Affairs engages stakeholders through internal communications 
initiatives, proactive media relations, social media strategies, and system-wide community 
outreach. GLWA employs a cross-section of additional tools such as video monitors, 
communication centers, posters, and other media to share information with team members 
across the enterprise, many of whom do not sit at a desk every day. 

 Service Levels and Performance Indicators 
Service levels (also called levels of service or LOS) are typically organized in a hierarchical 
structure shown in Figure 3-3. 
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4 Asset Profile 
The acronyms used throughout this document are 
included in Appendix A. For a Glossary of Terms, see 
the SAMP. 

The purpose of this section is to provide an 
overview of the asset portfolio, including 
inventory, asset age, condition and type of key 
asset attributes, asset condition and assessment 
approach, and valuation.  

Tactical Recommendations W3: WAMP - Asset 
Data and Information; W4: WAMP – Digital 
Solutions; W5: WAMP - Condition Assessment 
of Non-Inspected Vertical Assets and W12: 
WAMP - Replacement Cost Database for Vertical Assets presented in Chapter 9 are 
planned to be implemented to continuously improve the way GLWA defines the water 
system assets and track important attribute information to inform AM decision-making. 

Appendix C– WAMP Asset Data and Information Improvement Summary lists the current 
data and information available to GLWA staff and the WAMP Asset Data and Information 
Improvement Tracker referenced in in Appendix D supports continuous improvement of 
asset data. Appendix F is supports prioritization of condition assessment activities over a 
three-year period to improve condition data. 

 Asset Definition 
To support alignment and continuity, the WAMP uses the definitions included in the GLWA 
SAMP. Appendix A includes acronyms.  

 Water System Assets 
GLWA’s regional water system is one of the largest in the United States, both in terms of 
water produced and population served. The system currently serves an area of 981 square 
miles located in eight Michigan counties, with an estimated population of nearly 4 million (or 
about 40 percent of Michigan’s total population). Suburban customers comprise 
approximately 82 percent of the population served by GLWA, and the Retail Water 
Customers (the cities of Detroit, Dearborn, and Highland Park) comprise the remainder 
served by GLWA.  
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The regional water system draws its water from the largest fresh surface water source in 
North America, the Great Lakes, with Lake Huron to the north, the Detroit River to the south 
and Lake St. Clair to the east. With access to nearly 2 billion gallons of high-quality source 
water, GLWA has highly reliability and more than sufficient source water to sustain current 
and future demands.  

The major components of the regional water system include three raw water intake tunnels, 
five water treatment plants, an extensive conveyance system consisting of approximately 
803 miles of transmission mains along with isolation and control valves throughout the 
service area, 19 water Booster Stations, and 32 water storage reservoirs (14 at the water 
treatment plants and 18 at Booster Stations). Water flow and pressure throughout the water 
system are monitored and controlled by the GLWA Systems Control Center.  

The GLWA water system assets addressed in this WAMP are listed below and include linear 
and vertical assets.  

Linear assets: 
• Raw Water Tunnels 
• Transmission Mains 
• Isolation Valves 
• Control Valves 
• Booster Pumps 
• Storage Tanks 
• Raw Water Intakes 
• Pressure Sensors 
• Level Sensors 
• Flow Meters  
• Access Structures 

Vertical assets: 
• Water treatment plants (WTPs) 
• Booster Stations 

Figure 4-1 and Figure 4-2 present maps of GLWA’s linear and vertical assets and water 
service area.  
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Figure 4-1: Map of Water System Linear and Vertical Assets 
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Figure 4-2: Map of GLWA’s Water Service Area 
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4.2.1 Linear Assets 
The description of the water system linear assets presented below is excerpted from the 
2018 Water Asset Management Program Final document. 

 Water Transmission System  

The GLWA Regional Water Transmission System (RWTS) consists of approximately 
803 miles of water main, which are typically 24-inches in diameter and greater. Through 
this RWTS, GLWA transports potable water from the five water treatment facilities to the 
regional wholesale water customer communities, as well as the cities of Detroit, Dearborn, 
and Highland Park. The RWTS ranges from four inches to 120 inches in diameter, with an 
average age of 68 years.  

The general location of the RWTS has evolved over time, with several drivers that have 
resulted in the current system build out. The drivers that have dictated where transmission 
main was built, include extending service to new customers, increasing reliability 
(redundancy) to existing customers, and meeting customer contract demands and pressure 
requirements. As a result of the redundancy driver, much of the transmission system is 
interconnected and flow of water can be controlled, particularly in emergency conditions, to 
flow in either direction. Water pressures can be boosted to overcome typical losses due to 
an emergency situation.  

Pressure reducing valves (PRVs) regulate water pressure at critical locations throughout 
the RWTS. Pressure reduction is needed to protect portions of the Water System from being 
impacted by above normal operating pressures. Downstream of the PRVs, pressure is 
maintained at a relatively consistent lower pressure. Other components included as assets 
in the RWTS include control valves, isolation valves, air release valves, blowoffs, 
chambers/manholes, fire hydrants and flow meters.  

 System Control and Monitoring  

The Systems Control Center controls and monitors the transmission of water throughout 
the regional water system. Systems Technicians in the Systems Control Center can remotely 
control the pump stations at the treatment plants and the 19 water Booster Stations to 
adjust flows and pressures to meet the changing demands of customer communities. Fifty-
three Pressure Monitoring Sites in the transmission system provide suction/upstream and 
discharge/downstream pressure readings to aid in system operation. 

4.2.2 Vertical Assets 
The description of the water system vertical assets presented below is excerpted from the 
2018 Water Asset Management Program Final document. 
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Figure 4-4: GLWA WTP Asset Hierarchy Formats 
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Figure 4-5: Count of Major Assets by Asset Type and Process Area for All WTPs 
Combined 
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Figure 4-6: Asset Counts by WTP, by Process Area 

Common Support has the highest number of assets overall (57%), followed by Filtration 
(13%), Settling (9%), and Common Support (20%). Raw Water has the least number of 
assets (2%). The full list of assets can be found in the WAMP vertical asset register 
discussed in Chapter 5. 
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• Filtration, Raw Water, and Settling had the highest percentages of assets with 
condition scores greater than 3. 

• Raw Water and Settling had more than 10% of assets with a score of 4 or 5, and 
Filtration had more than 30% of assets with a score of 4 or 5. 

• Less than 2% of total WTP assets received a condition score of 5 (“very poor”), with 
these mainly in the Filtration and Settling process areas. 

 Booster Station Condition Scores 

Visual assessments accounted for approximately 18% of Booster Station assets, with the 
remaining assessments performed through tabletop analysis as reflected in Figure 4-11. 

 

Figure 4-11: Booster Station Condition Assessments by Type 

Figure 4-12 shows the distribution of condition scores for all Booster Stations. Approximately 
98% of all Booster Station assets received a condition score of 1 or 2. Figure 4-13 shows 
scores by individual Booster Station. Results indicate:  

• Approximately 95% or more of each Booster Station’s assets received a condition 
score of 1 (“very good”) or 2 (“good”).  

• Less than 3% of all Booster Station assets had conditions scores of 3 or higher, with 
these mainly located at Adams Road, Imlay, and West Service Center. 
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Figure 4-12: Asset Condition Scores for all Booster Stations Combined 

 

 

 





  

 4-23 

 Asset Value 
Asset values can roll up to a total water system cost and inform the development and use of 
a lifecycle model and asset renewal strategy. Chapter 7 summarizes GLWA’s current 
lifecycle models in use. Asset values are tracked in the Financial Asset Registry and are 
important data points for use with the Scheduled Replacement Plan (SRP) lifecycle model. 

Tactical Recommendation W12: WAMP - Replacement Cost Database for Vertical 
Assets is intended to support GLWA with improving alignment between the asset hierarchy 
and asset valuation to improve confidence in asset valuation data. 
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5 Asset Risk  
The acronyms used throughout this document 
are included in Appendix A. For a Glossary of 
Terms, see the SAMP.  

The purpose of this section is to provide an 
overview of asset risk levels associated with 
the asset portfolio to inform prioritization 
decisions for maintenance, renewals, and 
rehabilitations. 

GLWA risk management is an iterative, 
continual improvement process. GLWA strives to manage risk through demonstrably 
improving the ability to meet objectives in a repeatable fashion. GLWA has standardized 
risk management guidance for organizational risk. The guidance documents are collectively 
known as the GLWA Risk Management Framework. The framework principal components 
include purpose, definitions, and instructions and the asset risk assessments in this WAMP 
align with this framework. 

Asset risk is the primary metric for AM planning and decision-making. At GLWA, risk 
management principles established in the GLWA SAMP serve as the basis for determining 
asset risk. 

Tactical Recommendations W4: WAMP – Digital Solutions and W6: WAMP – Asset Risk 
for Vertical Assets are planned to be implemented to continuously improve in the way 
GLWA identifies and manages water system asset risk. Appendix G includes the WAMP – 
Risk Register for Vertical Assets to support ongoing asset management activities. 

 GLWA Risk Management and Framework 

5.1.1 Risk Management Activities 
Risk management activities follow a three-step process: 

1. Risk Identification. Identifying asset risks centers around understanding asset 
failure, GLWA service levels, processes, and asset performance expectations 
required to support service levels. 

2. Risk Analysis. Analyzing risk involves developing a risk score based on the 
likelihood that an event will occur and the consequences if the event occurs. A risk 
score is determined by multiplying the LOF by the COF. 
Risk Score = LOF × COF 
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3. Risk Treatment. Risk treatment refers to GLWA’s chosen risk mitigation 
technique. Section 5.5 discusses risk treatment in further detail. 

5.1.2 Risk Scoring Criteria 

Risk scores are a powerful tool for the prioritization and selection of activities within a 
program of work, such as an inspection program, maintenance program or investment 
program. Risk scores are based on consequence and likelihood. As defined by GLWA 
through the SAMP, LOF and COF scores are determined by scoring criteria for each category 
of the respective LOF and COF matrices.  

Likelihood Scoring. The LOF Matrix was developed as part of the SAMP to answer the 
question, “What is the likelihood the asset will fail?” The six categories include: 

1. Remaining Useful Life (RUL) — The estimate of the percent of remaining years 
the asset will function before requiring replacement. 

2. Performance — An asset’s capacity to meet system demands. 
3. Reliability — History of CM work orders. 
4. Physical Condition — The condition grade of an asset; measured on a scale of 1 

to 5, with 1 being “very good” and 5 being “very poor.” Chapter 3 discusses 
condition grade in more detail. 

5. Adherence to Operation and Maintenance Strategy — Completeness of, and 
accordance to, written O&M strategies for asset performance. 

6. Other — Other sources of LOF data including, but not limited to, industry 
performance trends and institutional knowledge. 

 

Due to an absence of certain data, the initial WAMP – Risk Register for Vertical Assets, the 
matrix categories Remaining Useful Life, Performance, History of Reliability and Adherence 
to O&M Strategy were designated with a weight of zero, with Condition remaining as the 
only factor in LOF. Tactical Recommendation W6: WAMP – Asset Risk for Vertical Assets 
suggests the addition of History of Reliability in future iterations. 

Consequence Scoring. For asset risk, the consequence score answers the question, “How 
bad will it be if the asset fails?” The seven categories include: 

1. Regulatory Compliance — Regulatory requirements, permit obligations, or 
enforcement actions. 

2. Impact to Service Levels — GLWA’s ability to achieve service level targets. 
3. Financial Impact — Requirements for GLWA funds or sources of funds. 
4. Health and Safety — Near- and long-term health or safety impacts on the public 

or GLWA team members not addressed in other categories. 
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5. Public Impact — Community priorities, such as quality of life or aesthetics not 
addressed in other categories. 

6. Environmental Stewardship — Near- or long-term environmental impacts not 
addressed in other categories. 

7. Public Trust — Public confidence in GLWA. 
 
Risk scores are based on consequence and likelihood, each on a scale of 1 to 5, with 5 
representing the highest likelihood or consequence and 1 the lowest likelihood or 
consequence. Thus, a score of 25 is the highest risk score possible and represents the most 
severe risk. LOF and COF matrices and category scoring criteria can be found in Appendix H. 
The actual risk score is not as key as the distribution of risk and the prioritization of assets 
within the risk scoring. 

5.1.3 Risk Tolerance 
Risk tolerance is defined as the willingness to bear risk. Figure 5-1 is a risk severity heat 
map used to illustrate risk tolerance. The map shows how risk tolerance may be determined 
by considering the likelihood of asset failure and the consequence of that failure. For GLWA, 
‘Very High’ and ‘High’ asset risk scores, equating to a score of 11 or above, are viewed to be 
above the GLWA tolerance level.  
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 Vertical Asset Risk  
The risk scores for vertical assets were developed through a multi-step, iterative process as 
shown in described in Appendix H. Results are summarized below and included in the 
WAMP – Risk Register for Vertical Assets.  

5.3.1 Consequence of Failure Scores 

 Water Treatment Plants 

The calculated COF scores for the WTPs are shown Figure 5-2 and by process area in Figure 
5-3. 

• Approximately 51% of WTP assets received a COF score of 1 or 2 
• Approximately 20% received a 3 
• Approximately 29% received a 4 or 5 

The higher COF scores of 4 and 5 were concentrated in the Raw Water, Finished Water, 
Disinfection and Common Support process areas, which contain equipment such as the low 
and high lift Booster Stations, chlorination, and the electrical distribution infrastructure for 
power, respectively.  

 

Figure 5-2: WTP Assets by COF Score 
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Figure 5-3: WTP Assets by Process Area by COF Score 

 Booster Stations 

The calculated COF scores for Booster Stations are shown in Figure 5-4. 

• Approximately 34% of Booster Station assets received a COF score of 1 or 2. 
• Approximately 3% received a 3 
• Approximately 63% received a 4 or 5 

The higher COF scores of 4 and 5 occurred at the electrical distribution infrastructure, 
pumping systems, and facility storage wells. Imlay and North Service Center Booster Station 
facilities account for the highest share (28%) of the assets with a COF score of 5. Imlay and 
North Service Center are two of the most critical Booster Stations facilities. 
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5.3.2 Likelihood of Failure Scores  

 Water Treatment Plants 

The calculated LOF scores by WTP are shown in Figure 5-5 and by process area in Figure 5-6. 
Approximately 86% of WTP assets received a LOF score of 1 or 2, approximately 6% received 
a 3, and 8% received a 4 or 5. The majority of assets with a LOF score of 3 or higher were in 
the Filtration or Common areas. 

 

Figure 5-5: WTP Assets by LOF Scores 
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Figure 5-6: WTP Assets by Process Area by LOF Score 

 Booster Stations 

The calculated LOF scores by Booster Station are shown in Figure 5-7. Overall, the LOF 
scores were very low. Approximately 98% of Booster Station assets received an LOF score 
of 1 or 2. Only 6 (>1%) received the maximum score of 5. The majority of the assets, which 
received an LOF score of 4 or 5, are at Imlay Booster Station. 
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 Summary of Total Risk Scores 
Total asset risk is the product of LOF and COF. The following equation is used to calculate 
total asset risk: 

Total Asset Risk = LOF x COF 

5.4.1 Linear Assets 
The linear asset risk register is under development as part of LSIP.  

5.4.2 Vertical Assets 

 Water Treatment Plants 

Total risk for all WTP assets is presented in Figure 5-8 and by individual WTPs in Figure 5-9 as 
counts of assets on the risk severity heat map and by process area for all WTPs in Figure 5-10. 
The number of assets that result on a particular score are presented and are in alignment with 
the size of the black bubble. A small proportion of the assets fall into the high-risk (red) 
category.  

 

Figure 5-8: Asset Risk Scores for all WTPs Combined 
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Figure 5-9: Asset Risk Scores for Individual WTPs 
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 Booster Stations 

Total risk for all Booster Stations combined is presented in Figure 5-11 and by individual 
Booster Station in Figure 5-12 as count of assets on the risk severity heat map. This shows a 
similar pattern to the WTPs, with the majority of assets in the medium-risk category and a 
small proportion of high-risk assets. However, compared to the WTPs, a larger portion of 
Booster Station assets have a high COF score of 4 or greater. The majority of the highest risk 
assets are concentrated in Imlay and North Service Center Stations. 

 

Figure 5-11: Asset Risk Scores for all Booster Stations Combined 

 

Figure 5-12 shows the asset risk scores for individual Booster Stations. 
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The risk scoring process performed in 2022, resulted in the identification of 527 high-risk 
assets across WTP and Booster Stations, based on a risk score 11 or greater. Figure 5-13 
shows the results of that exercise and the resulting high-risk assets. Lake Huron had the 
greatest number of high-risk assets and Springwells had the lowest number of high-risk 
assets. High-risk assets are candidates for risk mitigation. 

 

Figure 5-13: High-Risk Vertical Assets 

GLWA has redundancy in place for high-risk assets that have a high COF score of 3.5 or 
higher. As a result, this lowers the COF scores by .5 points in the WAMP - Risk Register for 
Vertical Assets and is an example of contingency attenuation as a risk mitigation strategy. 

Vertical assets with a high LOF score of 4.0, which are candidates for asset replacement, 
greater were cross-checked against the pre-existing CIP and most are addressed by projects 
in the CIP. Approximately 90% of these assets fell into ten asset types:  

• Valves 
• Filters 
• Pumps 
• Flocculators 
• Buildings 

 
• Storage Tanks 
• Screens 
• Basins 
• Breakers 
• Cranes 

 
The risk scores for vertical assets have performed well for the prioritization and selection of 
programs and a significant number of risk correlate well with the projects in the CIP. 
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However, the risk scores are driven by the physical condition of the assets and so they only 
represent one underlying cause (aging assets) and only lead to one type of treatment 
(renewal at end of life). There are other risks in the asset base that are driven by alternative 
underlying causes (for example high flow events) and that may attract different types of 
treatment. Further investigation and analysis are required in order to drive out the full 
range of asset needs and their underlying causes and to identify the precise treatments that 
address the needs. GLWA has already implemented an Annual Review process at the WTP 
to implement this investigation and analysis. 

The Annual Review process has been established to review emerging issues, prioritize 
mitigations, and identify funding sources. The current approach combines the use of the 
planned maintenance program funded through the O&M budget; a major equipment 
overhaul program of process equipment—including major pump assemblies and motors—
funded through the Improvements and Extensions budget; and more complex process 
upgrades that include replacements of aging equipment that are packaged into CIP projects.
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6 Operations and Maintenance 
The acronyms used throughout this 
document are included in Appendix A. 
For a Glossary of Terms, see the 
SAMP.  

The purpose of this section is to 
summarize GLWA’s existing linear 
and vertical asset operations and 
maintenance (O&M) practices and 
describe improvement activities in 
place. 

A key element of AM planning is 
determining the most cost-effective blend of planned and unplanned maintenance. This 
includes regularly scheduled inspection and maintenance, as well as more significant 
repairs and activities associated with unexpected events. The overall O&M strategy is 
intended to maintain the current level of service while mitigating risk and minimizing cost. 
This section discusses GLWA’s strategies for operating linear and vertical assets in 
compliance with required service objectives. 

Tactical Recommendations W4: WAMP – Digital Solutions; W7: WAMP - Maintenance 
&Reliability Work Management Process for Vertical Assets; W8: WAMP - Maintenance 
Reliability Improvement Implementation for Vertical Assets; and W9: WAMP - 
Maintenance and Reliability - Performance Measurement and Improvement for 
Vertical Assets are planned to be implemented to continuously improve in the way GLWA 
improves operations and maintenance activities.  

 Operations and Maintenance Strategies 

6.1.1 O&M Strategy Guidance  
GLWA administers a comprehensive preventive maintenance (PM) and corrective 
maintenance (CM) program for water assets. Several documents guide GLWA’s O&M 
strategy for its water system. For example, the 2019 Interim Wet Weather Operating Plan 
(IWOP) provides a roadmap for optimizing the use of regional pipelines, the WTP, water 
transmission, and Booster Station facilities. Operating strategies and operational planning 
documents are being collected or will need to be developed. Appendix C– Asset Data and 
Information Improvements lists the documents that need to be developed and Appendix D– 
Asset Data and Information Improvement Tracker assists with GLWA with tracking data 
improvements. 
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 Operations and Maintenance Performance 

6.2.1 Linear Assets  
The linear asset O&M performance is described as part of LSIP.  

6.2.2 Vertical Assets 
In 2017, GLWA established the following PIs to track maintenance performance: 

• Maintenance Utilization Rates 
• Monthly PM Maintenance Estimated vs. Actual Hours 
• PM backlog 

Industry best practices suggest that PM decreases the asset failure rates and associated 
asset downtime related to failures; additionally, PM is typically administered at a lower cost 
compared to CM. Thus, GLWA has established targets for these PIs that aim to maximize the 
PM completion rate and optimize the ratio of PM-to-total-maintenance. 

The initial target for the Water PM completion rate PI was to achieve greater than 75% 
completion rates of PM work orders. As work management improved, GLWA revised this 
target to achieve greater than 80% completion rate of PM work orders.  

Figure 6-1 shows the PM completion rate from March 2021 to February 2022. 

 

Figure 6-1: Water Preventive Maintenance Completion Monthly Performance (March 2021 
to February 2022) 

GLWA’s maintenance program strives to balance the value of PM activities with the negative 
impacts of asset failures requiring CM activities. Excessive PM activities that do not improve 
performance or reliability provide little value and can result in increased costs and 
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workloads. Additionally, excessive CM activities may indicate a reactive approach to 
maintenance that could leave GLWA vulnerable to expensive failures. Therefore, GLWA has 
established the PM-to-total-maintenance ratio target of 80% to balance PM and CM activities.  

The estimated time it takes to clear the maintenance backlog is a measure of the total estimated 
available hours, the maintenance utilization rate, and the estimated hours of backlog from work 
orders. The initial target clearing the maintenance backlog is four to six weeks. 

Figure 6-2 also shows the total estimated available hours and Figure 6-3 shows the 
maintenance utilization rate for March 2021 to February 2022. Figure 6-4 shows the 
estimated hours of backlog from works orders, as well as the resulting duration necessary 
to clear the backlog. It is noted that data accuracy and completeness can skew the results. 

 

Figure 6-2: Total Estimated Available and Actual Preventive and Corrective Hours 
Performance 
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Figure 6-3: Maintenance Utilization Rate Performance 
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Figure 6-4: Maintenance Backlog and Time to Clear Backlog Performance 

GLWA is currently working to identify additional PIs, drawing from industry maintenance 
best practice performance metrics. The metrics are categorized into three tiers:  

• Tier 1 – PIs are identified as needed reports which can be developed now using 
current WAM data and business processes 

• Tier 2 – PIs are identified as reports which may be created using WAM data after 
configuration changes and business process changes are made  

• Tier 3 – PIs are identified as reports which cannot be obtained with WAM data and 
business process changes using WAM. It is expected that these reports will be 
developed as part of the NexGen project 
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6.3.1 Failure Modes 
and Effects and 
Analysis 

An FMEA deconstructs an asset into its 
various sub-components and then 
defines the various ways a component 
failure is likely to occur; this failure is 
referred to as a “failure mode.” For 
example, a failure mode may be 
defined as bearing seizes with 
associated causes of lack of lubrication or misalignment of drive shaft. GLWA can use the 
results of an FMEA to inform maintenance activities and address failure modes before 
failures occur. 

In 2021, GLWA piloted an FMEA approach for a single asset from four major process areas 
in the wastewater system: Primary, Secondary, Dewatering, and Incineration. GLWA 
selected assets for the FMEA pilot by considering asset risk scores developed for the 
WwAMP and input from the Water Resource Recovery Facility (WRRF) maintenance team 
on asset performance history, using 2020 data. This activity may be applicable to water 
assets and is reflected in Tactical Recommendation W8: WAMP - Maintenance and 
Reliability – Improvement Implementation for Vertical Assets.  

6.3.2 Planned Maintenance Optimization 
PMO evaluates the PM strategy across the asset population as it compares to the criticality 
of the assets. PMO also aims to redistribute the performance of PM from low-value activities 
to high-value activities in order to achieve greater value per hour of PM completed. PMO 
achieves this by working to identify and remove duplicate PM tasks. This includes 
increasing or decreasing PM intervals, applying the use of predictive maintenance (PdM) 
where beneficial, improving work instructions, improving operator inspections, and 
achieving greater overall efficiency and safety. By carefully analyzing PM tasks, PMO can 
streamline PM without increasing the risk of failure. Thus, PMO has the potential to 
significantly reduce overall annual PM hours and improve delivered service levels and 
performance. 

GLWA’s PMO goals include the following: 

• Delete maintenance tasks that provide little value 
• Extend or reduce PM interval based on type of task, equipment usage, environment, 

and industry guidelines 
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• Improve PM scheduling 
• Add PM and PdM, where beneficial 
• Take credit for current PdM activities 
• Make use of and improve operator rounds 
• Reassign PM tasks that would be better served by having the Operations 

Department perform the task 
• Make use of installed instrumentation and monitoring 
• Strengthen work packages (task instructions, parts, and tools) 

In 2021, GLWA embarked on an initiative to optimize PM activities for wastewater system 
assets. The intent of the PMO initiative for wastewater system assets was to conduct an 
evaluation of the existing PM program for a limited number of assets located within each of 
the WRRFs plant’s five process areas, which include Primary, Secondary, Dewatering, 
Incineration, and Common Support. The PMO initiative also aimed to identify opportunities 
for improving the effectiveness and efficiency of the proactive maintenance activities. 

The WwAMP describes the PMO methodology and PMO Tool for WRRF assets. This activity 
may be applicable to water assets and is reflected in Tactical Recommendation W8: WAMP - 
Maintenance and Reliability – Improvement Implementation for Vertical Assets. 
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7 Renewals  
The acronyms used throughout this document 
are included in Appendix A. For a Glossary of 
Terms, see the SAMP. 

The purpose of this section is to identify needed 
renewals for linear and vertical water assets. A 
good understanding of the life cycle behavior of 
each asset is needed to identify long-term 
renewal needs. This understanding can then be 
used to develop long-term life cycle models 
based on the replacement and rehabilitation 
needs of the current asset base. 

Tactical Recommendations W10: WAMP – Scheduled Replacement Program Implementation 
and W11: WAMP - Capital Improvement Program Process Improvement is planned to be 
implemented to continuously improve the way GLWA identifies needed renewals and invests in 
capital projects. 

 Scheduled Replacement Program Models 
Life-cycle modeling is an approach that combines the asset condition, installation dates, expected 
service lives, and estimated replacement costs with an appropriate rehabilitation or replacement 
strategy in alignment with the asset life cycle behavior. The water system linear assets and vertical 
assets use different life-cycle models to inform the scheduled replacement program (SRP). 
Appendix J includes a description of the SRP model for vertical assets and LSIP includes a 
description of the SRP model used for linear assets.  

Peaks of needs are useful prompts that can be used to trigger further study of the potential 
intervention needs and timing so that adjustments can be considered as part of GLWA CIP planning 
and delivery. The program is informative to the CIP and capital outlay needs for renewals. As asset 
condition data and asset improvement work is continuously completed, the needs as indicated by 
the SRP model are always evolving. 
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 Renewal Needs 

7.2.1 Linear Assets 
See the LSIP for information about liner assets rehabilitation and life-cycle modeling approach. 

7.2.2 Vertical Assets 
A condition-based rehabilitation and renewal logic was used to identify vertical assets needing 
rehabilitation (see Appendix K for description of the SRP model). Replacement and rehabilitation 
strategies for each asset type are documented in the SRP model. For WTP and Booster Station 
assets, visual condition assessment work was performed in 2021 on about 2,000 assets (mostly 
electrical and mechanical assets) and the remaining assets (approximately 3,700) received a table-
top condition assessment based on knowledge of the asset and asset type. The average table-top 
condition assessment score for these assets was 2.04 with individual asset scores ranging from 1.00 
to 5.00. Costs were based on 2021 dollars with soft costs included. 

Figure 7-1 shows the summary of vertical asset capital renewal needs for the WTPs and Booster 
Stations. According to the SRP model for WTPs and Booster Stations, the total estimated 
expenditure is about $330 million (2021 dollars), which is equivalent to an annual average of 
$16.5 million over 20 years. The highest peaks in renewal expenditures are projected for the years 
2031 and 2043. This SRP model result reflects current good condition scores with most 
expenditures happening in the future. 

 
 

Figure 7-1: Projected Capital Costs for WTPs and Booster Stations Vertical Assets (based on 
2021 data, in 2021 dollars) 
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A detailed breakdown of projected costs by vertical asset type is presented below. 

Water Treatment Plants 

The 20-year projection is shown in Figure 7-2 is based on 2021 data, in 2021 dollars. The projection 
includes an estimated $258 million in renewals, which is equivalent to an annual average of $12.9 
million. This investment profile includes planned interventions in some of the building and process 
equipment. The investment peaks in 2031 and 2043 reflect the relatively good current condition of 
assets.  

Peaks of needs are useful prompts that can be used to trigger further study of the potential 
intervention needs and timing so that adjustments can be considered as part of GLWA CIP planning 
and delivery. The program is informative to the CIP and capital outlay needs for renewals. 

 

Figure 7-2: WTP Condition-Based Capital Projections (based on 2021 data, in 2021 dollars) 

 

Booster Stations 

Figure 7-3 shows the 20-year projection for Booster Station assets. The projection includes an 
estimated $72.2 million in renewals, which is equivalent to an annual average of $3.6 million based 
on 2021 data, in 2021 dollars. There are investment peaks in 2031 and 2043 that reflect the 
relatively good current condition of assets. 
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Figure 7-3: Booster Stations Condition-Based Capital Projections (based on 2021 data, in 2022 
dollars) 
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8 Funding  
The acronyms used throughout this document 
are included in Appendix A. For a Glossary of 
Terms, see the SAMP. 

The purpose of this section is to provide an 
overall financial view for the GLWA water 
system. It documents the most recent 
historical operating and capital expenditures 
and summarizes GLWA’s allocated capital 
expenditures in response to renewals and 
enhancements drivers.  

This chapter aims to provide visibility to maintain the existing service levels for the next 10 
years2.  

Note: Expenditures presented in this section are sourced from published budgets and financial 
summaries, the CIP, and the analysis of renewal needs presented in Chapter 7. The information 
presented in this Chapter may contain minor gaps and omissions. Any material differences 
between the data provided herein and published sources has been noted. 

 Historical Expenditures 
The following sections provide a summary of the expenditure history of the water system 
linear and vertical assets, including historical operating and capital expenditures from 2017 
to 2020. Since GLWA began operations of the water system in 2016, efficiencies and cost 
management of the water system assets have significantly improved and the total cost of 
ownership of water system has been optimized. Financial information may be reviewed at 
the GLWA website Financial Resources - Great Lakes Water Authority (glwater.org). 

8.1.1 Operations 
The historical operating expenditures for the core programs delivering water services by 
expense category are shown reflected in Schedule 2b, page 117 of the 2020 financial report 
(https://www.glwater.org/wp-content/uploads/2020/12/Great-Lakes-Water-Authority-
2020-CAFR-FINAL-web-version.pdf).  

 
2 The GLWA began operations in January of 2016 and therefore only information for the financial 
years 2017-2020 has been included in the analysis.  
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8.1.2 Capital 
The historical capital expenditures occur through two main programs: Capital Outlay, which 
includes equipment and system improvements, and the CIP. Each is described below. 

 Capital Outlay 

Capital Outlay is defined as equipment and system improvements that are not part of a CIP. 
GLWA uses its capital outlay to fund routine equipment replacements as well as the 
renewal, rehabilitation, or replacement of major process equipment. The capital outlay is 
intended to cover these periodic replacement and rehabilitation strategies. The Water 
Capital Outlay budget is found in the Biennial Budget file each year on the GLWA public web 
site https://www.glwater.org/wp-content/uploads/2019/08/GLWA-FY-2020-and-FY-
2021-Biennial-Budget-FINALrev8.12.2019.pdf page 78 – 79. 

 Capital Improvement Plan 

GLWA uses the CIP to fund the enhancement and renewal of long-lived assets. The CIP is 
developed annually and includes ongoing projects approved in previous years as well as 
new projects and programs. The CIP documentation also provides an overview of GLWA’s 
historical CIP expenditures so that comparisons between historical expenditures and 
projected future expenditures can be made. The CIP budget is found in the Biennial Budget 
file each year on the GLWA public web site Financial Resources - Great Lakes Water 
Authority (glwater.org. 

 Forecasted Expenditures 
Forecasted expenditures may be obtained from the GLWA Financial Plan (Financial 
Resources - Great Lakes Water Authority (glwater.org). Revenue sources are also described. 
The SRP model referenced in Chapter 7 – Renewals, inform the forecasted needs. 
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9 Water Continuous Improvement Plan  
 

The acronyms used throughout this 
document are included in Appendix A. For a 
Glossary of Terms, see the SAMP. 

 Overview  
The Water Continuous Improvement Plan is 
comprised of a series of Tactical 
Recommendations starting in FY23/24, that 
were identified to achieve significant 
milestones for improving the way Great Lakes Water Authority (GLWA) manages its water 
system assets that include linear assets (transmission mains) and vertical assets (water 
treatment plants (WTP) and Booster Stations. Current asset management activities are 
documented in this Water Asset Management Plan (WAMP). The Water Continuous 
Improvement Plan aims to address a number of identified improvements including 
refinement of service levels based on stakeholder expectations, performing risk based 
determined condition assessment activities to improve GLWA’s condition assessment 
program, and advancing operations and maintenance (O&M) practices including improving 
data quality, optimizing work management and asset management business processes, and 
maximizing use of technology. The recommendations contained herein, are focused 
primarily on vertical assets, as improvements to linear assets are documented in the 
GLWA’s Linear System Integrity Program (LSIP). 

A summary of the Tactical Recommendations with key supporting artifacts (tools and 
datasets) intended to support ongoing continuous improvement activities, are presented in 
Table 9-1 followed by detailed descriptions for each. Details include the purpose, benefits, 
and context and background for how the Tactical Recommendations were identified, related 
Strategic Asset Management Plan (SAMP) Initiatives the Tactical Recommendations 
support, tasks to guide GLWA with implementing the continuous improvement actions, and 
estimated internal and external resource requirements. Each Tactical Recommendation is 
numbered with a prefix of “W” which indicates “water”.  

Business Process WAMP – Continuous Improvement Plan Implementation outlines the 
implementation process for GLWA to follow to implement these Tactical Recommendations; 
it is included in Appendix M. A summary of the level of effort and estimated costs for 
implementation is outlined in the Staffing Plan presented in Appendix N. Implementing the 
continuous improvement activities reflected herein, will take commitment of staff resources 
by GLWA. 
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 Tactical Recommendation Descriptions 
This section provides details of each Tactical Recommendation and a proposed plan for 
implementation including resource requirements and the SAMP Improvement Initiatives 
they support.  

9.2.1 W1: WAMP - Asset Management Roles & 
Responsibili ties 

GLWA Owner: Enterprise Asset Management Group (EAMG) 

Alignment to SAMP Improvement Initiatives:  

• P1 - Dedicated Asset Management (AM) Team Members within Business Units (BU)  

• O6 - Future AM Assessments and Benchmarking 

Supporting Artifacts: WAMP - Governance Business Processes – Appendix M 

Purpose 

The purpose of this Tactical Recommendation is to establish water focused asset 
management working relationships within the GLWA organizational structure with 
representatives from Planning and Operations and Maintenance (O&M) that have defined 
roles and responsibilities to support collaborative development and roll-out of the Tactical 
Recommendations included this Water Continuous Improvement Plan. 

Benefits 

The benefit of this Tactical Recommendation is that it establishes ownership and 
accountability for implementation of the Tactical Recommendations in the Water 
Continuous Improvement Plan so that GLWA ensures continuation of making 
improvements in the way it manages water system assets. 

Context & Background 

GLWA participated in the Water Services Association of Australia (WSAA) Asset 
Management Assessment and Benchmarking in 2018 and developed a 5-year program of 
Improvement Initiatives. Section 10.3 – Current Asset Management Maturity of the SAMP 
describes this effort. This assessment identified the need for GLWA to identify asset focused 
Asset Management Champions that work to manage asset management performance across 
vertical and linear assets, with specific responsibility to monitor performance indicators 
and bring attention to key subject matter experts within the organization when service level 
objectives are falling short of desired performance.  

Development of the WAMP was championed by the Water Asset Management Team 
(WAMT), and during development of the WAMP, staff within this group with specific asset 
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management roles and responsibilities for implementing the WAMP and the 
recommendations contained therein, were identified. The resulting WAMP Governance 
Business Processes are included in Appendix M of the WAMP.  

A water focused asset management group (Local Asset Management Group) can serve as the 
accountable group to monitor performance indicators and track overall asset management 
program performance and asset health, and then foster collaboration with each part of the 
organization to discuss performance related to meeting asset management service level 
objectives. O&M Supervisors implement data collection, condition assessment, and 
advanced maintenance activities, and Finance is a key player to support collaboration on 
funding needs and availability. Figure 9-1 depicts this recommended organizational 
structure reflecting roles shown in the WAMP - Governance Business Processes listed in 
Appendix M. 

 

Figure 9-1: Water Asset Management Governance Structure 

Table 9-2details tasks needed to support implementation and Table 9-3 describes resources 
required. 





  

 9-6 

Purpose 

The purpose of this Tactical Recommendation is to create/refine service levels dashboards 
and performance targets. 

Benefits 

The benefit of this Tactical Recommendation is that it supports GLWA with refining service 
level objectives and performance targets in alignment with internal and external stakeholder 
expectations reflected in the SAMP to create the line-of-sight for performance tracking. 

Context and Background 

During development of the WAMP, it was identified that GLWA does not have detailed 
service levels and identified targets fully defined by service area, in alignment with internal 
and external stakeholder expectations. However, while the WAMP was being developed, 
GLWA has been actively working to define more detailed service level metrics and improve 
performance tracking. The metrics and service level targets for vertical assets are reflected 
in the Tier 1-3 PIs for vertical assets and metrics for linear assets are defined as part of the 
LSIP as described in Chapter 3 – Service Levels, of the WAMP. 

Service levels are typically organized in a hierarchy reflected in Figure 9-2and included in 
the SAMP. Identifying targets for each can be used to drive planning processes to 
understand the impact on costs (and prices/charges). 

  

Figure 9-2: Industry Standard Service Levels Hierarchy 

Note: LOS = Levels of Service; PI = Performance Indicators; KPIs = Key Performance Indicators 

 

Customer service levels are at the heart of the performance measurement framework. A 
useful method for developing customer service levels is to consider the six universal 
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9.2.4 W4: WAMP - Digital Solutions 
GLWA Owner: Data Stewards 

Alignment to SAMP Improvement Initiatives:  

• D1 – AM Information System Strategies 

• D3 – Consistent Data Standards 

• D7 – Useful Life of Assets 

• O1 – Asset Management Plans 

Supporting Artifacts: GLWA IT Master Plan 

Purpose 

The purpose of this Tactical Recommendation is to support GLWA with improving the use 
and configuration of technologies that support staff with performing work, entering critical 
data, and displaying data in concise reports/dashboards.  

Benefits 

The benefit of this Tactical Recommendation is that it supports GLWA with tracking Asset 
Management Program performance and readily display data to staff to support staff with 
day-to-day asset management decision-making.  

Context and Background 

During development of the WAMP, GLWA staff described business processes/activities 
followed to perform asset management activities and their use of existing technology. These 
business processes/activities were compared to other asset management focused 
organizations and improvements for GLWA were identified.  
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9.2.5 W5: WAMP - Condition Assessment of Non-
Inspected Vertical Assets 

GLWA Owner: Local Asset Management Group (Local AM Group) 

Alignment to SAMP Improvement Initiatives:  

• R8 – Condition Assessment Program for Vertical Assets 

Supporting Artifacts: WAMP - Condition Assessment Activities – Vertical Assets (Appendix F) 
WAMP – Governance Business Processes (Appendix M) 

Purpose 

The purpose of this Tactical Recommendation is to perform asset condition assessment 
activities on all vertical assets based on defined priorities defined over a three-year period. 
Condition assessment priorities for linear assets are documented by LSIP. 

Benefits 

The benefits of this Tactical Recommendation include promoting better understanding of 
deterioration rates by vertical asset types, enhancing the management and prioritization of 
maintenance tasks, and support identification of asset renewal needs.  

Context and Background 

Condition assessment scheduling is based on non-inspected “active” WTP and Booster 
Station assets listed in the WAMP - Risk Register for Vertical Assets that received a tabletop 
analysis for identifying condition. Chapter 4 – Asset Profile and Chapter 5 – Asset Risk of the 
WAMP describe the approach and process to identifying assets for condition assessment 
and developing asset risk scores for vertical assets. Those that had a consequence of failure 
(COF) score equal to 4 or 5 were classified as “Priority #1 Condition Assessment” and 
scheduled to be assessed in Year 1. The remaining non-inspected assets were classified as 
“Priority #2 Condition Assessment” and scheduled based on location and workload leveling 
over the three years with assets having the highest likelihood of failure (LOF) scores being 
completed first. Condition assessment activities for linear assets are documented in LSIP.  

The recommended condition assessment schedule details are contained in the WAMP - 
Condition Assessment Activities – Vertical Assets spreadsheet included in Appendix F. The 
spreadsheet indicates the recommended approach to assessing asset condition as either 
“visual” or “detailed.” The recommended approach is based on the level of assessment 
performed as part of the WAMP development on similar asset types. In general: 

• All high COF assets (with scores of 4 or 5) were labeled as Priority #1 Condition 
Assessment. Priority #1 assets are to be addressed in Year 1.  
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Figure 9-10: Risk Mitigation Strategy Decision-Making Process 

Current risk mitigation strategies include:  

Asset replacement - assets that received a visual or detailed condition score equal to 4 or 
higher were recommended for asset replacement. As condition scores are updated, asset 
replacement for risk mitigation can be continuously evaluated using the risk register tool. 
Assets with tabletop-analysis condition scores of 4 or higher are recommended for visual or 
detailed assessments over the next three years before scheduling asset replacement.  

Contingency Attenuation - assets with a COF score of 3.5 or higher that received a visual 
or detailed assessment were recommended for contingency attenuation for risk mitigation. 
Contingency attenuation refers to minimizing the risk associated with asset failure. 
Examples of this strategy include development of an asset contingency plan or system 
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9.2.10 W10: WAMP - Scheduled Replacement Program 
Implementation 

GLWA Owner: Local Asset Management Group (Local AM Group) 

Alignment to SAMP Improvement Initiatives:  

• G4 – Scheduled Replacement Program 

Supporting Artifacts: Scheduled Replacement Program (SRP) Models (Appendix J); 
WAMP-Governance Business Processes (Appendix M); CIP 

Purpose 

The purpose of this Tactical Recommendation is to implement results identified in the SRP 
models for linear and vertical developed for pipe, WTP and Booster Stations to identify 
projected funding, needed to support long-term renewal needs. 

Benefits 

The benefits of this Tactical Recommendation include improved understanding of long-term 
renewal needs and financial needs projected into the future to maintain the asset profile. 

Context and Background 

As part of the development of Chapter 7 –Renewals of the WAMP, two SRP models were 
developed to help understand the long-term renewal needs; a spreadsheet-based life-cycle 
model was developed in 2022 for the WTP and Booster Station assets as part of the 
development of this WAMP. A life-cycle model for linear assets was developing using Info 
Asset Planner (IAP).  

Because the life-cycle model for WTP and Booster Stations is spreadsheet-based, it can 
become challenging to use over time due to manual data entry requirements. A single 
commercial-off-the-shelf (COTS) software can assist with the consolidation of SRP results 
for both linear and vertical assets to support presentation of funding needs for the entire set 
of water system assets in a standardized manner.  
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 W12: WAMP - Replacement Cost Database for 
Vertical Assets 

GLWA Owner: Enterprise Asset Management Group (EAMG) 

Alignment to SAMP Improvement Initiatives:  

• D10 – Asset Costing Improvements 

Supporting Artifacts: Financial System 

Purpose 

The purpose of this Tactical Recommendation is to in incorporate modern equivalent asset 
replacement costs to help monitor and report the current value of the assets.  

Benefits 

The benefit of this Tactical Recommendation is that is makes more accurate, asset costs for 
use in preparing long term renewal forecasts. Creating a simple and structured vertical 
asset replacement cost database can help improve the confidence of funding projections 
and decisions. 

Context and Background 

One of the data improvement needs that was identified in the development of the WAMP is 
a lack of robust and up-to-date replacement cost information of the vertical asset base. As a 
result, the long-term renewal projections could be under- or over-estimating the renewals 
needs of the system. The assets in WAM already have a defined hierarchy but the cost 
database does not extend to all assets.  

This data need flows directly from a key SAMP goal for GLWA to demonstrate that lifecycle 
costs are declining. Given the gradual reduction in water production over time, this will be 
an especially challenging metric to achieve while still maintaining other level of service 
requirements, plus potentially more stringent regulatory requirements.  

Using unit measures (cost per MG produced for instance) to take different trends into 
account to include all the influencing factors, while still demonstrating value to 
stakeholders is a consideration. 
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C.1 PURPOSE
This Asset Data and Information Improvement Summary for the Great Lakes Water 
Authority (GLWA) presents the data updates obtained for the latest Water Asset 
Management Plan (WAMP), including the revised asset hierarchy, condition assessment 
information for selected water facility assets, operations, and maintenance (O&M) and 
capital budgets for the water treatment plants (WTPs) and booster stations, and staffing 
information for each water facility as well.  The intent is to capture the most essential 
information to reveal both the current status of WAMP assets, but also support the 
optimizing the operating context and direction within which the assets must perform, all in 
alignment with the Strategic Asset Management Plan (SAMP) for GLWA. 

C.2 APPROACH
Once available data was collected from GLWA, Jacobs reviewed the data in detail to 
determine alignment with SAMP objectives and WAMP-specific goals.   

Specifically, Jacobs reviewed SAMP section 6.3.6, which states that GLWA can consider asset 
management plans (AMPs) successful when:  

• Through development of AMPs, team members are learning, the AMPs are being
used, and they are living, useful documents

• GLWA can demonstrate improvement in achievement of service levels

• GLWA can demonstrate improvement in accomplishment of performance indicators

• GLWA can demonstrate responsible management of the grouping of assets covered
in the AMP, including risk management

• GLWA can demonstrate decreased lifecycle cost of owning, operating, and
maintaining assets, i.e., expectations of the grouping of assets are being met in the
most effective and efficient manner

• GLWA can demonstrate that due regard is being given to the long-term stewardship
of the grouping of assets covered in the AMP

• GLWA is making well-informed decisions on a daily basis and can develop
defendable business cases

• GLWA can justify the near- and long-term funding requirements for the grouping of
assets

• GLWA has confidence that regulatory compliance will be achieved in groupings of
assets
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The Asset Data and Information Improvement Tracker is an MS Excel file that was provided to GLWA as part of the initial WAMP 
development on June 10, 2022.  An image of that file is presented in Figure D-1.  

Figure D-1: WAMP Asset Data and Information Improvement Tracker 
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The Condition Assessment Activities – Vertical Assets spreadsheet is an MS Excel file that 
was provided to GLWA as part of the initial WAMP development on June 10, 2022.  A 
representative image of that file with key column headings is presented in Figure F-1.  

Figure F-1: WAMP Condition Assessment Activities – Vertical Assets Spreadsheet
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The Risk Register – Vertical Assets spreadsheet is an MS Excel file that was provided to GLWA as part of the initial WAMP 
development on June 10, 2022.  A representative image of that file with key column headings is presented in Figure G-1. 

Figure G-1: WAMP Risk Register – Vertical Assets 
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H.2.1 LOF SCORING
The WAMP vertical asset LOF matrix includes five, weighted categories: Remaining Useful 
Life, Performance, History of Reliability, Physical Condition, and Adherence to O&M 
Strategy. Due to an absence of meaningful initial data, the matrix categories Remaining 
Useful Life, Performance, History of Reliability and Adherence to O&M Strategy were 
designated a weight of zero, with Condition remaining as the only factor in LOF. Categories 
were scored on a scale from 1 to 5, where 5 is the most severe. 

Table H-2 describes the data used to assign the category scores in the LOF matrix. Physical 
Condition scores were based on condition grade results from either tabletop or visual 
assessments. High COF assets were prioritized for visual assessments, with the remainder 
assigned desktop scores based on the average condition scores within the asset’s respective 
process area. 
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• Springwells WTP
• Waterworks Park WTP

The M&R assessment was conducted via a 2-hour conference call where attendees from the 
7 water groups scored their group’s performance against each of the 40 elements.    

1. Jacobs modified its existing assessment tool (CAMRA+) to tailor the assessment
questions to GLWA WTP staff.

2. Jacobs submitted the assessment questions to the EAMG for review.
3. Jacobs facilitated breakouts working sessions with GLWA plant staff so that each

WTP could answer the same questions independently, as appropriately for the WTP
they work at.

4. Results were compiled and are presented in this document.

I.3 RESULTS
The results of the O&M M&R Assessment performed in May 2022, are presented in Figure 
I-1, Figure I-2, and Figure I-3. The “spider” diagrams depict low performance toward the
center, and good performance toward the outer ring. As overall performance improves, the
diagram will expand and become more concentric in shape.  Overlaying a new chart over an
old chart provides a visual representation of change in performance, good or bad.

Scoring ranges:  Low (Red)1<>3.5,    Med (Yellow) 3.6<>6.5,     High (Green) 6.6<>9.0  

Figure I-1: Combined M&R Assessment Category Average Scores 
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Figure I-3: M&R Assessment Element Average Scores by WTP/Booster Stations (continued on next page) 
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Figure I-3: M&R Assessment Element Average Scores by WTP/Booster Stations 
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I.4 CONCLUSION
Based on the results of the assessment, priority areas for continuous improvement are 
described in three Tactical Recommendations included in Chapter 9.0 of the WAMP:   

• W7-: WAMP – Maintenance and Reliability Work Management Processes for Vertical
Assets;

• W8: WAMP – Maintenance and Reliability Improvement Implementation for Vertical
Assets;

• W9: Maintenance and Reliability Performance Measurement Improvement for
Vertical Assets.
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The Scheduled Plan Replacement Model for Vertical Assets is an MS Excel file that was provided to GLWA as part of the initial WAMP 
development on June 10, 2022.  A representative image of that file with key column headings is presented in Figure J-1. 

Figure J-1: SRP Model for Vertical Assets 





K-2

K.1 VERTICAL ASSETS

K.1.1 ESTIMATING COSTS
The WAMP SRP model is in 2021 dollars, non-escalating.  

Many assets are replaced within the 20-year planning period but not all 

Asset replacement costs were from: 

• 2013 CSO SRP with costs escalated to 2021 values – most of these were from vendor
quotes and this was about 25% of the total asset count

• Current vendor quotes, quotes from recent pricing GLWA received

• Prices from recent Jacobs projects

K.2 SRP STRATEGY
Figure K-1, Figure K-2 and Figure K-3 reflect the three strategies available in the SRP model. 
Strategy 2 was not used for the WAMP.  

K.2.1 STRATEGY 1 – DEFINED MIDLIFE AND END OF
LIFE INTERVENTIONS 

Figure K-1: SRP Strategy 1 Example 
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K.2.2 STRATEGY 2– AGGREGATED LOW-VALUE/HIGH-
VOLUME ASSETS 

Typically used for low cost, high-volume assets (e.g., analyzers), investment profile is based 
replacement and end of life. 

Figure K-2: SRP Strategy 2 Example 

K.2.3 STRATEGY 3 – HIGH-VALUE STRUCTURAL
ASSETS 

Typically used for high-value structural assets that are not typically replaced at end of life. 

Figure K-3: SRP Strategy 3 Example 

8% of replacement value, spent to extend the asset life over the nominal lifespan in 5-year 
increments (0.5% each 5-year). 
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The Continuous Improvement Plan Tracker is an MS Excel file that was provided to GLWA as part of the initial WAMP development on 
June 10, 2022.  A representative image of that file with key column headings is presented in Figure L-1. 

Figure L-1: Continuous Improvement Tracker 














































