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Certificate of Completion
This training is pending CEU credit approval.

We are happy to provide certificates to registered attendees, but cannot guarantee that you will be able 
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• You must attend the entire session
• You must register and attend using your real name and unique email address – group viewing credit 

will not be acceptable
• You must participate in polls
• Certificates will be sent via email within 30 days and are for your personal records. Again, we cannot 

guarantee that our webinars will meet your CEU or PDH requirements.

If you have questions or need assistance, please contact smallsystems@syr.edu.
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About Us
The Environmental Finance Center Network (EFCN) is a 
university-based organization promoting innovative and 
sustainable environmental solutions while bolstering efforts 
to manage costs.

Our Building Technical, Managerial, and Financial Capacity Programs for Small 
Water and Wastewater Systems provide free training and technical assistance 
across every state, territory, and tribal nations. Technical assistance is available 
on a first-come, first-served basis.



The Small Systems Water and Wastewater Teams



Small System Training Available!
https://efcnetwork.org/training-events

• Asset Management
• Financial Planning
• Building Resilience
• Controlling Energy Costs
• Access to Funding Sources 
• Mapping & Data Collection
• Regulatory Compliance
• Operator Certification

• Strategic Planning Tools
• Effective Communication
• The Power of Partnerships: Sharing 

Resources with Neighboring Systems
• Attracting & Retaining Workforce
• Rate Setting & Affordability
• Basic Water Math

https://efcnetwork.org/training-events


Technical Assistance Available!
https://efcnetwork.org/get-help/

• Adaptation & Resiliency Planning
• Asset Management
• Community Engagement
• Data Collection & Analysis
• Maintenance Practices
• Disseminating Information
• Fiscal Planning
• GIS Programming/Planning

• Infrastructure Funding
• Infrastructure Planning & Design
• Operator Training & Certification
• Management/Board Support
• Rate Payer/Citizen support
• Sustainability & Resiliency
• Partnerships & Collaboration
• Water Efficiency & Reuse
• Work Force Development

https://efcnetwork.org/get-help/


Asset Management



Asset Management: 
Answering the Questions

• What is asset management?

• Why do it?

• What’s involved?

• How do I get started?

• What then?

• Are there examples to share? Yes!

We’ll take breaks 45 minutes (or so)!



Asset Management: 
What is it?



Simply put…

https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-2.m4v

Presenter Notes
Presentation Notes
Video okay – not WW specific

https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-2.m4v


The Car Analogy

• Flat Tire Options
o Fix tire
o New tire
o New car
o Used car

• Cracked Engine Block Options
o Fix engine
o New engine
o New car
o Used car

ne-np.facebook.com, bankrate.com

Presenter Notes
Presentation Notes
In the simplest terms, Asset Management can be thought of as applied common sense. Asset Management is designed to help people decide how and where to spend their money to achieve the desired results. Such a process is needed when there are competing priorities for limited funding. ��As an analogy, think of your car. If you are driving your car and it gets a flat tire, what will you do? Will you fix the car or buy a new car? Because tires are inexpensive compared to the overall cost of a car, the most likely response is to repair the tire or put a new tire on the car. Think about what factors would go into a decision like this: the cost of the tire, value of the car, reliability of the car, and whether the flat tire caused any other damage to the car. However, in general, deciding what to do in this case is pretty simple. ��What if instead of a flat tire, your car has a cracked engine block. Now what will you do? Will you fix the engine, put a new engine in the car, or buy a new or used car? Is it more difficult to decide what to do in this case? Why? Probably factors like cost of repair, cost of new engine, value of existing car, cost of a new or used car, reliability of existing car, value of existing car, current operation and maintenance cost, and many others would enter into the decision. This decision would involve collecting data and examining all the options over time. ��If all of your decisions were like the tire example, you wouldn't need a formal program to help you make them. Unfortunately, you will have many decisions that are more like the cracked engine block. Funds are limited and there are many competing priorities for those limited dollars. Therefore, a program that will help you collect the data you need and provide a framework for making these decisions is very beneficial. Asset Management is designed to be this type of program.



Some Definitions…

A method for maintaining a system’s assets at a desired level of (customer) 
service at the most appropriate cost

• Assets: What you have that has value
• Level of service: What you want your asset to provide
• Most appropriate cost: Lowest life cycle cost (not free!)

Presenter Notes
Presentation Notes
One simple definition we have for asset management is thinking of it as “A method for maintaining a system’s assets at a desired level of customer service at the most appropriate cost.” Let’s take a look at some of the terms here.What are assets? Well assets are essentially all the equipment, buildings, land, people, and other components needed to deliver safe and clean water. Assets are generally large pieces of complicated equipment or infrastructure that can be very expensive. They usually last a fairly long time so utilities really want to keep them in good shape. We all know that some of the infrastructure in this country is aging and failing at an alarming rate. And the reality is we don’t even know where it all is! It’s important to remember not only the large pieces of equipment that we see above ground, but also all the equipment that it located underground. And it’s important to take note of all of this for these assets are essential to protecting public health as well as for economic development. ‐When we say “Desired level of service” = this is what utilities want their assets to provide ‐And when we say “Best appropriate cost” = this is the lowest life cycle cost (but it’s not necessarily without cost) Basically we want to provide safe, reliable service while thinking about what the costs will be for those services. 



EPA’s Definition

USEPA (2020)
A process “utilities can use to make sure that planned maintenance 
can be conducted and capital assets (pumps, motors, pipes, etc.) can 
be repaired, replaced, or upgraded on time and that there is enough 
money to pay for it.”

Presenter Notes
Presentation Notes
Asset management is a practice that is broadly used by municipalities, utilities, industries, commercial enterprises and other organizations to manage the operation, maintenance and replacement of physical infrastructure assets. It has been recognized by many federal, state, and local agencies and organizations as having particular value for managing long-term planning for drinking water, wastewater, and stormwater programs. USEPA (USEPA 2020) has a definition for Asset Management, describing it as a process “utilities can use to make sure that planned maintenance can be conducted and capital assets (pumps, motors, pipes, etc.) can be repaired, replaced, or upgraded on time and that there is enough money to pay for it.” It is important to note that asset management does not just involve tracking assets and their maintenance, but evaluates various options and selects between them to identify a long-term plan for maintaining and replacing assets so that the utility can continue to function at a level of service that satisfies customers, optimizes costs, and maximizes benefits. 



EPA’s Five Core Components
1. Asset Inventory
What assets do you have & 
what is their condition?

2. Level of Service
What are the service 
goals for your system?

3. Criticality
Which are the most important 
assets to maintain?

4. Life Cycle Costs
How much will it cost for 
O&M (including asset 
replacement)?

5. Long Term Funding
How are you going to 
pay for it all?

Presenter Notes
Presentation Notes
Asset management aims to improve utility operations. Your Utilities will become more familiar with these approaches as an asset management program is implemented. A good starting point for any size system is the 5 Core Questions framework. This framework walks you through all the major activities associated with asset management and can be implemented at the level of sophistication reasonable for a given system. The 5 core questions of an asset management framework are What Is the Current State of the Utility’s Assets? What Is the Utility’s Required Sustained Level of Service? Which Assets Are Critical to Sustained Performance? What Are the Utility’s Best “Minimum Life‐Cycle Cost” CIP and O&M Strategies? What Is the Utility’s Best Long‐term Financing Strategy? 



EPA’s Five Core Components 

https://www.youtube.com/watch?v=BgfFtV9mLJ0

https://www.youtube.com/watch?v=BgfFtV9mLJ0


Asset Management: 
Why do it?



Lots of Competing Demands

• Regulatory compliance
• Cost efficiency
• Health & safety
• Resiliency
• Investment decisions
• Long-term planning
• Risk management
• Services & outputs

• Efficiency & effectiveness
• Communication
• Aging infrastructure
• Competition for funding 
• Upgrading outdated tech

Presenter Notes
Presentation Notes
Drinking Water systems have lots of demands:Regulatory complianceAging InfrastructureMaintaining Health & SafetyUpdating outdated technologyCommunicating needs and services to board/councils and customersAnd AM  essentially Makes management decisions easier, helping you decided How, where, & when to spend money to achieve desired results



Lots of Decisions

• What are the benefits of a project?
• What are the risks of not doing the project?
• What do customers really want?
• What financing is available for a project?
• Does a project meet a critical need?
• How do we prioritize projects?
• What is the best expenditure of funds?
• What are the alternatives?

$

Presenter Notes
Presentation Notes
And there are so many decisions:(read off a couple examples from the slide)And those Decisions are Complicated by……• Limited funding• Competing priorities• Type of funding available



A basis for making good decisions

• Asses, Document, & Communicate
o Assets owned
o How long they will last
o Repair/Replacement Costs
o Revenue sufficiency

Presenter Notes
Presentation Notes
AM provides a basis for making decisions easier, and making good decisions.  It helps determine where and when to spend $ to achieve desired results.It helps you identify all the assets that a utility has, how long they are going to last, and how much it’s going to cost to repair or replace them. All this information will allow you to see financial projections 5 years from now and even 10 years from now. Knowing how much money is needed for O&M and capital investments will help the you determine if rates and other revenue are sufficient. 



A Guide for:

• Tracking O&M
• Prioritizing O&M Needs
• Planning for Replacements
• Estimating Costs
• Selecting Funding/Financing Options
• Communicating Intent, Plans, & Progress



Experiences

https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-12.m4v

https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-12.m4v


In Summary, Asset Management…

• Addresses multiple needs

• Makes management decisions easier

• Directs spending to achieve desired results

Presenter Notes
Presentation Notes




Questions?



Asset Management: 
What’s involved?



Five Core Components…Five Steps

1. Build an Asset Inventory

2. Define Level of Service Goals

3. Identify Critical Assets

4. Estimate Life-Cycle Costs

5. Evaluate Long-Term Funding/Financing
Step 5

Step 1



Five Components…Five Steps…Common Sense

https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-3.m4v

Presenter Notes
Presentation Notes


https://swefc.unm.edu/home/amkan/Chapter1Videos/IN-3.m4v


Step 1: Build an Asset Inventory

• More Questions
o What assets do we have?
o Where are they located?
o What’s their condition?
o What’s the expected 

remaining life?
o What’s their energy use?
o What’s their value?
o How do I organize all this?!

Presenter Notes
Presentation Notes
The first in asset management is building an inventory, which is probably the most straightforward. And it’s arguably  the most important as it underlies all other aspects of Asset Management. This step is critical to improving your understanding of your system. Completing this step alone can greatly improve the overall operations and management of a utility.��This core component involves gathering information on the following basic questions: What assets do I own?Where are they?What condition are they in?What is their remaining useful life?What is their value?What type and amount of energy do they use?After you gather the key asset information, you can create an asset inventory to store the data. This inventory will need to be maintained to ensure it is kept up to date and accurate. You could also establish a work order system that is tied to the inventory to help manage asset maintenance and repairs as well as track the costs of these activities over time. 



What assets do we have?

Presenter Notes
Presentation Notes
The most fundamental question a utility owner, manager, or operator can ask, is what assets does the utility own? It is absolutely critical to understand what you own.; It is hard to manage something effectively if you don't know what that "something" consists of. Although "what do I own" is a seemingly straightforward question, it is not always easy to answer. The difficulties arise from several factors. Some of the assets are underground and can't be seen; assets are put in over a long period of time; records regarding assets may be old, incomplete, inaccurate, or missing; and staff turnover in operations and management may limit historical knowledge of utility assets. Given these difficulties, it may not be possible to immediately create a complete inventory of all the assets in the utility. It is important to recognize that the goal is to create the best inventory possible given the resources (personnel and financial) and capabilities of the utility and to develop an approach to adding to or improving the inventory over time.Examples of Assets many include:PumpsPrimary treatment: grit chambers, screensConveyance/collection pipesMan HolesConstructed WetlandsStabilization PondsTrickling FilterMechanical Dewatering��



How do we define Assets?

• Use a dollar amount threshold

• Whether it requires a work order

Asset Component

$500?
$1000?
$3000?

Presenter Notes
Presentation Notes
In determining the answer to the question, "What do I own?" consideration must be given to how to specifically define an asset. In general terms, assets are anything that you own that has value. However, this definition must be refined for a given utility. Some utilities may want to define assets in terms of dollar amounts. An asset could be defined as anything above $1,000 or $2,000 or any other amount that makes sense for the utility. In selecting this value consideration should be given to the total number of assets owned by the utility and the ability of the utility to track the number of assets that will result from the selected dollar amount. For example, defining an asset as anything with value over $500 may result in 2,000 assets for the utility, while selecting a value of $3,000 may result in 400 assets for the utility. Both choices are equally valid options, but it may be too difficult to track 2,000 assets for a utility with a small staff, or it may not provide sufficient benefit to the utility to track assets with such a low dollar value.On the other hand, choosing $3,000 may leave important assets out of the inventory or may not provide detailed enough information to manage the utility effectively. A value in between these two amounts may provide sufficient detail without being unduly burdensome.��Another way to answer the question of what defines an asset, is to define an asset as anything the utility would write a work order for. For example, if the utility would write a work order on a pump impeller if that part needed repair or replacement, then the impeller itself can be defined as an asset in addition to the pump it is a part of. If the utility would only write a work order for the pump, but not the impeller, then the impeller is not considered a separate asset.��These two approaches - dollar value or work order - or some combination of the two are the most common methods of establishing what defines an asset. Each entity should establish its preferred method of defining an asset. The main considerations include ability to handle the number of assets that results from the chosen option and being able to consistently apply the approach. The selected approach can be modified over time if it does not meet the needs of the utility.��



Selecting Assets

https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-2.m4v https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-3.m4v

https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-2.m4v
https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-3.m4v


Where are the assets located?

• Create a visual picture
o Hand drawn maps
o Google Maps
o GIS Systems

Coagulation / Flocculation

Drying Bed Sedimentation basins

Filters

289-026-015

289-026-014

289-026-012
289-026-011

289-026-010

2

289-026-008

289-026-007

289-026-006

289-026-005

289-026-004

283-051-003
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283-035-010
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283-035-008
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283-034-

283-034-004
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5418

5424
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1800
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1725
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5417

1732

1718

1815

5413
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1808
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5520

1724

1757

5510
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1733

1741

5407

5447

1819

5525

Presenter Notes
Presentation Notes
Once you know what assets you own, you need to know where they are located. This should involve recording the asset locations in the field and then mapping all the assets for a comprehensive view of the system.Mapping provides a visual picture of the asset locations, especially for buried assets. The map can be as simple (hand drawn) or complex (Geographic Information System).  And that inventory map can help operators, managers, elected officials, and owners conceptualize the utility as a whole.The most important considerations in selecting the type of approach to use for mapping are:    Ensuring that the map is comprehensive (covers all the known assets)    Having the ability to keep the map updated over time    Establishing a process to correct any inaccurate or incorrect data on the map    Being able to track asset failures or other relevant data on the mapYou should choose the type of mapping system that best meets your utility’s needs, capabilities, and resources.Choosing a more sophisticated computerized mapping system, like GIS, allows you to more easily sort and evaluate data, link asset attribute data (size, type, condition), and enable remote use. However, GIS maps can be expensive to create and maintain and you may not have the personnel to handle this. A more simplistic approach of a hand-drawn map or a hand drawn map based on a free base map from an internet site (e.g. Google, MapQuest, Bing maps or similar), has the advantages of being extremely low cost and easy to generate. But then again this type of map is much less portable, less comprehensive in terms of asset data, and less accurate. Overall, The key is to balance the your utility’s needs, the desired benefits, and the resources available. You can always start with simpler maps and move to a more sophisticated approach later. 



Where are the assets located? 

• Data Sources
o Existing Knowledge
 As Builts/Maps
 Operators

o New Knowledge
 Site Visits
 GPS Devices

esri.com

Presenter Notes
Presentation Notes
In terms of gathering data for the map, it is best to start with what is already known about your utility from any existing maps - hand drawn or otherwise. You might have "as-built" drawings or maps that show assets that were installed during construction projects.  However, you should note that the value of as-builts may be limited if they only include the newly installed assets and not a comprehensive view of all your utility’s assets, and they may not be entirely accurate. Current operators and managers and retired operators or managers may be able to fill in data gaps. Additional gaps might be filled in by residents who were living in the area when the utility was built, or by engineers or construction contractors involved in the design or installation of the utility.It is important to remember that no map will ever be completely accurate, especially in the initial stages. You should strive to make as good a map as possible the first time, within the limits of the information available, and then improve upon it. A good time to make any changes to a map is after assets have been dug up for a repair. At that time, any inaccuracies in location can be corrected. In addition, whenever new assets are installed, accurate locations can be obtained and added to the map. It is not recommended that assets be dug up for the sole purpose of locating them, unless there is a very compelling reason to do so. Instead, take your best guess at locations and revise as you learn more to keep the map as up to date and accurate as possible.��Location Data on locations can be gained by using a global positioning system (GPS) device. Simple versions of these devices can be purchased at many retail stores for very little cost and they are designed to be user friendly and simple to operate. GPS devices can gather point data for visible assets (such as hydrants, manholes, valves, wells, storage tanks, pump stations, storm drains) and line data for sewer pipes. The accuracy of the simple devices is sufficient to create a reasonably accurate picture of the utility and can be adequate for most smaller utilities. A larger utility may wish to have higher accuracy GPS readings and could invest in more sophisticated GPS equipment or hire outside consultants to compile this information.�



Where are the assets located?  

https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-4.m4v

https://swefc.unm.edu/home/amkan/Chapter3Videos/IV-4.m4v


What’s their expected remaining life?

Remaining Life

=Estimated
Useful Life

- Age

• Age & useful life are good starting points
• Then consider site-specific conditions 

(usage, install, material quality)

How Long Will It Last?
Typical Life Expectancies of Water Supply equipment.  
Component Worksheet Useful Life

Walls and Springs

Drinking Water Source

25 years

Intake Structures 35 years

Pumping Equipment 10 years

Disinfection Equipment Treatment System 5 years

Hydropneumatic Tanks 
Tanks

10 years

Concrete and Metal Storage Tanks 30 years

Transmission Structures (Pipes) Distribution System 35 years

Valves
Valves 

35 years

Mechanical Valves 15 years

Computer Equipment/Software

Electrical Systems

5 years

Transformers/Switchgears/ Wiring 20 years 

Motor Controls/ Variable Frequency 
Drivers 10 years 

Sensors 7 years 

Buildings Buildings 30 years

Service Lines Service Lines 30 years

Hydrants Hydrants 40 years

Note: These expected useful lives are drawn from a variety of sources. The 
estimates assume that assets have been property maintained. The adjusted useful 
life of an asset will be equal to or less than typical useful life 

Presenter Notes
Presentation Notes
Age and estimated useful life are good attributes to gather for the asset inventory, as you can estimate a remaining to help develop your plans for O&M and eventual replacement.  There’s several sources for asset useful like such as summary tables pictured here, as well as manufacturer specs. But some assets remaining life might be based more on the amount of use as opposed to their age.For example, a pump will wear out sooner if it is used more and will last longer if it is used less. The actual age of the pump is not as important as the amount of work the pump has done. On the other hand, the life expectancy of pipe assets is based more on the length of time in the ground. If a pipe is in the ground for decades, it has had considerable time to contact the soil around it and the water within it and may start to corrode.There are many additional factors that will affect how much life a given asset has. Factors such as poor installation, defective materials, poor maintenance, and corrosive environment will shorten an asset's life, while factors such as good installation practices, high quality materials, proper routine and preventative maintenance, and non-corrosive environment will tend to lengthen an asset's life. Because of these site-specific characteristics, asset life should be viewed within the local context and the particular conditions of that utility. A Cast Iron pipe may last 100 years at one facility and 60 years at another.You’ll need to make remaining life judgments based on past experience, utility knowledge, existing and future conditions, prior and future operation and maintenance, and similar factors in determining useful life. In the absence of any better information, you can use standard default values as a starting point – again refer to manufacturers and industry guides. However, over time, you should use your own experiences to refine the remaining or useful life.



What’s their condition?

Presenter Notes
Presentation Notes
After the assets are identified and located on a map, it is important to know their condition. A condition assessment can be completed in many different ways, depending on the capability and resources of the utility. The simplest approach is to gather people who have current or historical knowledge of the assets in a room. The group can then select a condition rating approach (0 through 5, A through F, Excellent through Unacceptable, etc.). The group then considers the list of assets and rates each one using the selected methodology. This approach relies on the best information available but does not require utilities to gather additional data in order to rate the assets. 



Condition Monitoring Approaches
• Vibration
• Temperature
• Power or Oil Use
• Efficiency Change
• Run Time
• TV Inspection 
• Pressure Testing
• Leak Testing
• Visual Inspection
• Life Expectancy Review

Presenter Notes
Presentation Notes
utilities can gather data on asset condition through more sophisticated means and re-rate the assets. For example, a sewer pipe can be examined with cameras to determine the interior pipe condition. Asset condition will change over time as assets age and as they are used during normal operations. Therefore, the asset condition must be continuously updated to keep the data current. The time interval between updates may vary from utility to utility, but generally annually is a good time to revisit the condition assessment. In addition, as assets receive routine, preventative, or corrective maintenance, condition can be re-assessed and the resulting condition rating can be revised in the inventory.



Rating Conditions
Rating Condition Description Age Description

Excellent New or fairly new; No known or suspected issues >90% of useful life 
remaining

Very Good No known or suspected issues, but no longer
a new asset

75-89% of useful life 
remaining

Good A few known or suspected issues 40-74% of useful life 
remaining

Fair Known/suspected issues that may impact asset’s ability 
to continue to perform in the next 
several years

5-34% of useful life 
remaining

Poor Known/suspected issues that may impact asset’s ability 
to continue to perform in the next 1-2 years

<5% of useful life 
remaining



What’s their monetary value?

• Historic Value
o Cost at install

• Current Value
o Depreciation

• Replacement Value
o Cast iron pipe vs PVC

• Asset vs system replacement

Name of cost Item name Item character Total 
cost($)

Civil cost Treatment room Area – 200 m2 7,035

Mechanical cost (i) Tank Volume – 50 m3 2,500

. (ii) Pipe Pipeline length –
200 m 2,200

. (iii) Valve and others (pc) 2,000 3,000

Electrotechnical cost (i) Rotameter (pc) 1 600

. (ii) Pressure gauges (pc) 2 180

. (iii) Pump (pc) 2 46,000

Membrane module 
cost

SS – membrane module 
(pc) 870 177,000

Total capital cost ($) . . 197,115

Presenter Notes
Presentation Notes
Generally, when utilities consider the value of assets, they think about the cost of initially installing the assets. This cost has importance as historical information or it can be used by a utility to depreciate the costs of assets over time. It can also be useful to determine the total costs of operating an asset over its life span. However, the installation cost does not have a direct bearing on what it will cost to replace that asset when it has reached the end of its useful life. The asset may not be replaced by the same type of asset (e.g., cast iron pipe may be replaced by PVC pipe) or it may be replaced by a different technology entirely. Furthermore, costs of various assets may change drastically over time, so that the cost of installing ductile iron pipe in 1965 may have no relationship to the cost of installing PVC pipe 50 years later in 2015.��The value of the assets that should be recorded in the asset inventory, then, is the cost to replace the assets using the expected technology that will replace them. If the utility has asbestos cement pipe now, but would replace it with PVC pipe, the replacement value of that asset is the cost of replacement using PVC and the installation costs associated with PVC.��Although the idea behind valuing assets is relatively simple, obtaining costs for the asset replacement may not be so easy. Small utilities may not have the expertise to estimate replacement costs. In these cases, the utility should either estimate in the best manner possible or leave this portion of the inventory blank for the initial stages of the asset inventory. This information can be added later as the utility gathers additional information or expertise.



Cost resources

• Recent utility projects

• Neighboring utilities

• Publications 

Presenter Notes
Presentation Notes
if estimation is done, the possible approaches include: If the utility has had recent improvements, such as pipe replacement, information regarding the cost per linear foot can be used.If a similar neighboring utility has had work done, costs incurred in their project may be used.Organizations that complete a large number of construction projects per year may be able to provide estimates.Some organizations, such as large cities, periodically publish unit costs for construction. These costs can be used as a starting point and revised as necessary to cover costs in other areas. If costs are typically higher in a particular area than the published guide, they can be increased. If costs are typically lower, the prices can be decreased.Over time, as more utilities begin completing Asset Management strategies, it might be useful to form users' groups that would allow water utilities to share information, such as unit costs/replacement costs, with each other. 



How do I organize all this?!

• Multiple formats

o Paper

o Spreadsheets

o Commercial Product



Questions? 



“It’s a great thing to break.”

-James Taylor



Five Core Components…Five Steps 

1. Build an Asset Inventory

2. Select a Level of Service

3. Identify Critical Assets

4. Estimate Life-Cycle Costs

5. Evaluate Long-Term Funding/Financing Step 5

Step 1



What is Level of Service?

“…the quality or expected reliability that must be provided… 

to meet a community’s basic needs and expectations”

-Grand Rapids, MI 2016

Presenter Notes
Presentation Notes
Customers are not just an important part of your business, they are your business. Without them you have no reason to exist. Not only do you need customers, but you need customers who are willing to pay a fair price to enable you to provide a sustainable service.�Broadly defined, Drinking water treatment utilities are in the business of treating and distributing clean and safe potable water for drinking, cooking cleaning, etc.. Within that broad mission, utilities must determine specifically how they will operate and maintain the assets to meet customer expectations. Determining how to operate the facility to meet customer expectations is called the Level of Service (LOS.)Level of Service (LOS) defines what you want your assets to provide and how you want them to perform. The LOS can include any components the utility and customers decide, as long as all regulatory requirements are met and the components are within the capabilities of the assets. 



Level of Service Agreement

• Benefits
o Communicates operation to the customers
o Assists in identifying critical assets
o Provides a means of assessing overall utility performance
o Provides a direct link between costs and service
o Serves as an internal guide for management and operations staff
o Communicates energy efficiency and water conservation goals

Presenter Notes
Presentation Notes
The document that lists the levels of service, the Level of Service Agreement, will become a fundamental part of how the utility is operated and managed.��The Level of Service Agreement has many benefits: It communicates the utility's operation to the customers.It assists in identifying critical assets.It provides a means of assessing overall utility performance.It provides a direct link between costs and service.It serves as an internal guide for utility management and operations staff.It communicates energy efficiency and water conservation goals.The LOS Agreement will also allow the utility to track its performance and determine how well it is meeting its goals. This performance can be communicated to the customers to reinforce how the fees they pay are related to the service they receive. 



The LOS Process

• Identify SMART Goals
• Involve Customers & Staff
• Track Progress 

Source: Georgia Association of Water Professionals



Develop Goals

• Goal Categories
o Energy Efficiency
o Water Efficiency/Conservation
o Social Considerations
o Environmental Considerations
o Customer Service
o Regulatory Requirements

Presenter Notes
Presentation Notes
The first step in developing a Level of Service Agreement is determining the goals of your utility. Goals can be in any of the following areas: Energy EfficiencyWater Efficiency/ConservationSocial ConsiderationsEnvironmental ConsiderationsCustomer ServiceRegulatory RequirementsLet’s talk about types of goals, how to establish them, and look at some examples.



LOS

Maximum Level = Highest capabilities of all assets

Minimum Level: Meet all regulatory requirements

Your Choice

Presenter Notes
Presentation Notes
In setting goals for the LOS, the initial starting point is defined by the utility's regulatory requirements at the federal, state, and local level�Because there are many regulations, it is not necessary for the utility to list compliance with each and every regulation on its LOS Agreement. Rather, a broad statement such as "the utility will comply with all applicable state, local and federal regulations" should suffice. Alternatively, the Agreement may include statements that describe categories of compliance such as, "will conform to all operator certification requirements,“In this case, the LOS Agreement may also need a summary statement to the effect that "the utility will conform to all other applicable federal, state and local regulations" to ensure that nothing has been omitted. The next aspect the utility must consider is the fact that assets have physical limitations. Assets can not deliver services beyond these limitations. �The regulatory requirements and physical capabilities provide boundaries for the LOS. In between these boundaries, the utility will specify the internal and external goals of the utility. The utility should keep the LOS Agreement very simple, especially at the beginning. As an initial starting point, the Agreement should contain 8 to 12 items of importance to the customers and the utility. As the utility progresses in Asset Management, it may be desirable to add to the Agreement, but starting simple is best. 



Internal & External Goals

Internal
o Don’t impact customers
o Set by utility staff
o Examples
 Maintenance Scheduling
 Energy Efficiency

External
o Impact customers
o Set with customer input
o Examples
 Response for sewer back-ups
 Response time for other 

customer complaints

Presenter Notes
Presentation Notes
The goals will be a combination of internally set goals and externally set goals. Internally set goals are those goals that define utility operations, but are not easily understood by utility customers. Examples of these types of goals include: Maintenance SchedulingEnergy EfficiencyNumber of pipe breaks per mileUnaccounted for waterInternally set goals can be set by utility staff. It is best to involve a cross-section of utility personnel from elected officials to management to operations when setting goals to ensure that the goals are feasible and reasonable. In a small utility, goals may be set by the utility board with input from the operator. Alternatively, the board president may work with the operator to set goals, which can then be approved by the entire board.��External goals are items that directly impact customers. Examples of these types of goals areResponse time for sewer back-upsResponse time for customer complaintsThe utility should keep the LOS Agreement very simple, especially at the beginning. As an initial starting point, the Agreement should contain 8 to 12 items of importance to the customers and the utility. As the utility progresses in Asset Management, it may be desirable to add to the Agreement, but starting simple is best. 



SMART Goals

https://www.assetivity.com.au

Presenter Notes
Presentation Notes
When developing level of service goals think SMART! Use these concepts to implement SMART goals The goal should be Specific ‐Well defined ‐Clear to anyone who has a basic knowledge of the utility Measurable ‐Know if the goal is obtainable and how far away completion is ‐Know when it has been achieved Attainable/Achievable ‐Capable of being reached Realistic ‐Within the availability of resources, knowledge, and time Time‐based/Time-bound ‐Enough time to achieve the goal ‐Not too much time, which can affect utility performance 



Examples of SMART Goals

• Fewer than 10 taste complaints per quarter related to WTP
• Minimum water pressure of 50 psi throughout system, 95% of the time
• Customer service line available from 8 am – 5 pm, 5 days per week
• Customer complaints addressed within 1 business day, 95% of the time
• 75% planned maintenance, 25% reactive maintenance
• Reduce energy consumption by 10% at the water treatment plant



An LOS Worksheet

LOS Goal Criteria Assessment
System will meet all State 
and Federal regulatory 
standards.

Is it measurable?  Yes
How will it be measured? Compliance reports
How often will it be measured? Monthly

Less than 10 taste 
complaints per year.

Is it measurable?  Yes
How will it be measured? Review of customer complaint logs
How often will it be measured? Annually

Reduce energy 
consumption by 10%.

Is it measurable?  Yes
How will it be measured? Review of energy usage
How often will it be measured? Annually



Involve Customers

• Door to door
• Annual meetings
• Focus groups
• Surveys
• Internet polls
• Social networking
• Customer call/complaint logs

https://swefc.unm.edu/home/amkan/Chapter4Videos/LS-1.m4v

Presenter Notes
Presentation Notes
The basic question a utility should ask itself when trying to set external goals is "What do my customers want?" This question can only be answered effectively by engaging in a conversation with the customers. This type of conversation can be conducted in any way that is feasible and practical for the utility and its customers. For example, a small utility with less than 100 customers may be able to go door to door and ask for feedback. A utility that holds annual meetings may be able to get feedback from an annual meeting. A larger utility may wish to hold focus groups with randomly selected customers. Surveys can be included with utility bills or can be mailed out. Communities that have more access to technology may wish to use internet based polls or ask for feedback on a social networking website. If a customer call/complaint log is kept at the utility, the information obtained from these phone calls can be examined. The main objective is to change the dynamic of standard customer communications from adversarial to one in which the customers are engaged as partners or collaborators. 

https://swefc.unm.edu/home/amkan/Chapter4Videos/LS-1.m4v


Balancing LOS & Cost

• Higher LOS:          Costs

• Customer willingness to pay

https://swefc.unm.edu/home/amkan/Chapter4Videos/LS-6.m4v

Presenter Notes
Presentation Notes
There is a direct link between the level of service provided and the cost to the customer. When a higher level of service is provided, the costs to the customers will likely increase. This relationship provides an opportunity for the utility to have an open dialogue with its customers regarding the level of service desired and the amount the customers are willing to pay for this level of service. The utility can have a dialogue with the customers to explain what the treatment would entail, what the finished water quality would be, and how much it would cost the customers. Following the discussions, the customers could decide whether or not they are willing to pay for the additional treatment.�

https://swefc.unm.edu/home/amkan/Chapter4Videos/LS-6.m4v


Tracking Progress

• Consider these questions:
o How frequent will the data I need be available?
o How much time will it take to get the data for tracking?
o How often do I need to report this type of information to elected officials or the 

board?
o How often do I need to communicate with my customers on meeting this goal?
o How often will it be possible to make adjustments if I find I'm not meeting the 

goal?

Presenter Notes
Presentation Notes
As discussed previously, the LOS goals should be written such that they are measurable and so that progress towards meeting them can be tracked over time. This process of measuring how well the utility has met the goals should be manageable and kept at the level a utility can handle. For example, progress towards goals can be tracked monthly for some goals, quarterly for others, or annually for goals that are time consuming to track. The most important aspect is to track the goals on some routine basis and report the results of this tracking to both the elected officials/upper management and the customers.��The measurement and tracking of goals should also use a process that is easy to implement. Tracking can be done on a simple spreadsheet or even on a piece of paper in the case of very small utilities. Tracking simply entails comparing actual data to the LOS goal to see if the goal was met. Goals can be tracked on different frequencies, depending on what the goal is and whether it is an internal or external goal.�In determining how often to track a particular goal, the following questions should be considered: How frequent will the data I need be available?How much time will it take to get the data for tracking?How often do I need to report this type of information to elected officials or the board?How often do I need to communicate with my customers on meeting this goal?How often will it be possible to make adjustments if I find I'm not meeting the goal?



Questions?  



Five Core Components…Five Steps  

1. Build an Asset Inventory

2. Select a Level of Service

3. Identify Critical Assets

4. Estimate Life-Cycle Costs

5. Evaluate Long-Term Funding/Financing Step 5

Step 1



Critical Assets

• High Risk of Failure
oProbability of Failure (condition or age)
oConsequence of Failure (major expense, system failure, safety concerns)

• Questions to ask
oHow can assets fail?
oHow do assets fail?
oWhat is the likelihood (probability) of failure?
oWhat are the consequences of failure
oWhat are the cost for repairing/replacing the asset?
oWhat are other associated costs?

Presenter Notes
Presentation Notes
Not all assets are equally important to the utility's operation. Some assets are highly critical to operations and others are not critical. Furthermore, the criticality of assets is completely utility specific. Certain assets or types of assets may be critical in one location but not critical in another. For example, a utility may have only one well that serves the entire community so that well may be a critical asset. Another utility's well may not be a critical asset because it has multiple wells and a large storage tank with capacity to store enough water for several days. A utility must examine its own assets very carefully to determine which assets are critical and why.In determining criticality, two questions are important: How likely is the asset to fail?What is the consequence if it does?Criticality has several important functions, such as allowing a utility to manage its risk and aiding in determining the balance between expenditures for operations and maintenance, and capital projects. Because assets fail, how the utility manages the consequences of failure is vital. Not every asset presents the same failure risk, or is equally critical to the or water system’s operations. Therefore, it is important to know which assets are required to sustain the utility’s performance. Critical assets are those the utility decides have a high risk of failing (like if the asset is old or in poor condition) and major consequences if they do fail (major expense, system failure, safety concerns, etc.). The utility can decide how critical each asset is and rank them accordingly. Questions to ask: ‐How can assets fail? Different things contribute to an asset failing including: Demand exceeds design capacity (which comes from population growth); or physical deterioration from age, usage, or nature. ‐How do assets fail? The type of failure depends on the type of asset: Water pipes can leak or disinfection equipment can stop working. ‐What are the likelihoods (probabilities) and consequences of asset failure? Likelihoods of failure depend on age and condition. Consequences of failure depend on how critical the asset is: Is it the Chlorinator in small system that has no other backup? We call this a criticality analysis, but all that really means is looking at the importance of an asset and thinking about how bad it would be if it failed tomorrow. There are two more important questions to ask: ‐What does it cost to repair or replace the asset? Cost depends upon if the utility has to repair, rehabilitate, or replace the asset. ‐What are the other costs (such as social costs or environmental costs) that are associated with asset failure? 



Probability of Failure

• Modes of Failure
o Mortality: asset physically fails through collapse, rupture, or otherwise
o Financial Inefficiency: asset costs so much to operate and maintain that it is no 

longer economical to keep it in operation
o Capacity: asset still operates, but not at the capacity needed
o Level of Service: asset still operates, but doesn’t meet the required LOS

Presenter Notes
Presentation Notes
The first step in determining criticality is determining how likely an asset is to fail (or the probability of failure for a given asset.) There are four modes by which an asset can fail. Mortality - the asset physically fails either through collapse, rupture, or some other mechanismFinancial Inefficiency - the asset is costing so much to operate and maintain that it is no longer economical to keep it in operationCapacity - the asset is still operational, but is unable to provide the capacity neededLevel of Service - the asset is still operational, but is unable to meet the level of service requiredMortality (when an asset is unable to perform its function) is the mode most commonly considered when thinking about failure. When Asset Management approaches are adopted, the other three modes also become important. When costs of operation and maintenance activities, as well as repairs, are considered on an individual asset basis, it is possible to determine the point at which it no longer makes economic sense to keep the asset in service. This is the point at which it is actually cheaper to replace the asset than to continue to operate and maintain it. The final two failure mechanisms occur in assets that may be functioning properly. However, they are no longer providing either the capacity needed or the service level desired.��In thinking about how each individual asset might fail, all four mechanisms need to be considered. However, the first two modes are the most likely for the majority of assets. At the beginning of an Asset Management program it is unlikely that historical data on operation and maintenance will be available on an individual asset basis and it may take time to get a program in place to track this data. For this reason, the focus of this discussion will be on the physical mortality failure mode.



Probability of Failure  

• Factors & Ratings
o Asset Age
o Asset Condition
o Repair History
o O&M History
o Historical Knowledge
o Experience

Presenter Notes
Presentation Notes
To determine the likelihood of failure of an asset based on physical mortality, factors such as age, condition, repair history, operation and maintenance history, historical knowledge, experience with similar assets, and knowledge of factors affecting physical mortality, should be considered. An asset that is nearing the end of its useful life, is in poor condition, has a long history of repairs, and a poor history of maintenance is highly likely to fail. On the other hand, an asset that is relatively new, has no repair history, is in good condition, has had routine and preventative maintenance, is unlikely to fail. The factors that affect the probability of failure for an asset are described in more detail below. No single factor should be the sole predictor of likelihood of failure. Rather, all the factors about the asset should be taken collectively in determining probability of failure.��Asset Age: Over time, assets deteriorate, either from use or from physical conditions such as interaction with water or soil. There is no "magic age" at which an asset can be expected to fail. An asset's useful life is highly related to the conditions of use, the amount of maintenance, the original construction techniques, and the type of material used in construction. A piece of ductile iron or cast iron pipe may last 75 to 100 years in one application, 150 years in another, and 50 years in yet another. If age is the only issue with an asset, the probability of failure can still be relatively low even if the asset is quite old. For example, if the utility has cast iron pipe in the ground that was installed properly, made with good manufacturing techniques, and has never had a history of failure, it does not necessarily have a high probability of failure, even though it is 75 years old.��In order to use age as one measure of probability of failure some knowledge of potential useful life is necessary.. Each asset or type of asset should be assigned a useful life or life expectancy so that the actual age can be compared to the useful life. In this manner, it is possible to determine how much of the asset's life is "used up." The closer the asset gets to the end of its life, the more likely the asset is to fail. For example, a 35-year-old concrete interceptor that is expected to last 70 years has only reached the mid-point of its life expectancy and would not be likely to fail. If its useful life was only 40 years, 88% of its life is used up, so it is more likely to fail. As discussed in Chapter 3, the useful life values can be adjusted up or down if actual experience shows that the assets average more or less life expectancy than your initial estimate. Asset Condition: Another important factor in determining an asset's probability of failure is the condition of the asset. As the asset's condition deteriorates, it will be more likely to fail. It is important, therefore, to make the best possible attempt to give the assets a reasonable condition assessment. Obviously, assets given a poor or fair condition rating are more likely to fail than those given an excellent or good rating.��The condition assessment should be updated periodically, so that the criticality can also be updated.��Repair History: It is important to monitor repairs resulting from some type of failure and record the type of event that occurred. This information should be as specific as possible to assist the utility in understanding its failure modes. Systems should track when the asset failed (or at least when the failure was discovered), how the failure was determined (customer report, operator observation, lack of service in that part of the utility, etc.), type of failure (e.g., rupture, mechanical failure, small leak), specific location of failure, and any field observations that may help explain the failure (e.g., lack of bedding sand, subsidence of soil, overheating, etc.) Failure history should be tracked on all asset categories.��Past failure is not completely predictive of future failure, but it can provide some indication of the probability of future failure, especially if detailed information on the past failures is collected and reviewed. If the asset failed because its construction or condition was poor, it is likely to fail again unless some action was taken to correct the problem. If the asset failed because of some action or incident unrelated to its condition or operation (e.g., a construction crew ruptured a pipe or a car hit a fire hydrant), it is not likely to fail again after the condition is corrected. If a pipe has failed several times in the past few years, it will be more likely to fail. If the pipe has never failed, it will be less likely to fail in the future.��Operation and Maintenance History: Knowledge of how the asset was operated and maintained will provide information about how likely the asset is to fail. The lack of adequate maintenance is likely to shorten an asset's useful life and cause premature failure.��Historical Knowledge: If the utility has any additional knowledge regarding the asset, it should be considered in the analysis of probability of failure. This type of information may include knowledge of construction or manufacturing practices used at the time the asset was installed or knowledge of materials used in the utility. The ratings can be developed by a team of people who are knowledgeable about the assets, gathered together in a room to decide how the assets should be ranked. This ranking does not have to be a long, time-consuming activity. A small utility should be able to complete this process by meeting a few times for a few hours. A larger utility may take a little longer.��An important consideration is the fact that the assets should be ranked relative to each other. The rankings should not be compared to other utilities; this system is meant as an internal tool only. The goal is to determine which of your assets are more likely to fail than other assets in your utility.��Once the assets are ranked according to the chosen scale, the results can be reviewed to see if they make sense. If you believe the assets that are ranked highest in terms of probability of failure are the ones most likely to fail, then the results are fine for a starting point. If not, then adjustments can be made until the rankings make sense.��A more sophisticated approach can be used, but a simple ranking like 1 to 5 works very well and will not take a lot of time to accomplish.Experience with Similar Assets: Although probability of failure is asset and site specific, some guidance regarding probability of failure can be gained by examining experience with similar assets at your facility or other facilities. For example, if there is a history of a certain type of pump failing frequently after 2 years of use, and a utility has that type of pump and it is currently 18 months old, the asset should be given a higher probability of failure than it would if there was no general experience of this type.��Knowledge of Factors Affecting Physical Mortality: There are two types of assets in water utilities - vertical or active assets and horizontal or passive assets. Vertical assets are typically visible plant assets, and include assets such as pumps, blowers, mixers, diffusers, and chlorinators. Horizontal assets are field assets, generally buried, and include pipe, valves, manholes, meters, and service lines. It's important to know the difference between the two types because different factors affect their physical mortality.��In vertical assets, the asset usually has moving parts so the asset fails with use rather than age. Failure is related to overall run time, frequency of starting and stopping, quantity and type of routine and preventative maintenance, conditions of exposure (corrosive environment, extreme heat or cold, severe weather,) improper alignment, and lubrication.��In horizontal assets, the assets are passively providing service. These types of assets fail with age because they are in constant service. Failure is related to soil characteristics, saturation level of soil, physical loads, bedding conditions, asset material and related attributes, construction conditions, exposure to weather, and quantity of internal and external corrosion.��It is important to consider all of the relevant factors when assessing an asset or class of assets' probability of failure. The factors taken together provide an overall assessment of the asset's likelihood of failure due to mortality. If, however, a given asset is more likely to fail based on one of the other modes of failure (financial inefficiency, capacity, or level of service) before it fails due to mortality, the probability of failure should match that mode of failure instead. The assets should be assigned a probability of failure rating based on how likely the asset is to fail on a scale of 1 to 5 or 1 to 10 or some other scale of the utility's choosing. An example rating using 1 to 5 is shown below.



Consequence of Failure

• Factors & Ratings
o Cost of repair/replacement
o Social impacts or costs
o Environmental impacts or costs
o Costs/impacts related to collateral 

damage from failure
o Legal costs associated with asset failure
o Public health impacts or costs
o Reduction in Level of Service
o Any other costs or impacts related to the 

asset failure

1 Very Low

2 Low

3 Moderate

4 High

5 Very High

Presenter Notes
Presentation Notes
After you determine the likelihood of failure of each asset, it is important to determine how bad a failure would be. This determination of consequence of failure involves the consideration of several tangible and intangible factors: Cost of repair/replacementSocial impacts or costsEnvironmental impacts or costsCosts or impacts related to collateral damage caused by the failureLegal costs associated with asset failurePublic health impacts or costsReduction in Level of ServiceAny other costs or impacts related to the asset failureThe consequence of failure can be high if any of these costs or impacts are significant or if there are several of these factors that might occur with a failure. Further discussion of each of these factors is presented below.��Financial Cost of Repair: When an asset fails, it will be necessary to repair or replace the asset. Depending on the type of asset and the extent of the failure, repair may be simple or extensive. A small leak in a pipe can be repaired with a clamp. A chlorine pump can be replaced with a spare pump or perhaps the parts can be replaced inside the pump. The failure of a well may be much more involved and may require much more extensive repair efforts. Some failures may be so severe, or repairs may be so expensive that asset replacement is required. The financial cost of the repair or replacement of the failed asset must be considered in the analysis of the consequence of failure. If the asset can be repaired easily and without a tremendous cost, then there is a lower consequence. If the cost of repair is higher, then the consequence of the failure is also greater. Social Impacts or Costs: When an asset fails, there may be an inconvenience to the customer. In some cases, this inconvenience may be minor, while in others it may be much higher. If a pipe must be repaired in a residential area, there may be a few customers who are out of water for a short period of time. This outage would constitute an inconvenience, but would not be a severe situation. On the other hand, if the utility has very few isolation valves so that any repair requires the whole utility to be shut down, the inconvenience to the customers is much greater. In the first case (simple repair in residential area that shuts off a few customers), the consequence of failure related to the social impact is low. In the second case where the whole utility must be shut down to make any repair, the social impact is much higher. When framed in terms of inconvenience, social costs appear insignificant, but to your customers, the inconvenience may be extremely important and may impact how they feel about the utility in general. If customers have a negative impression of the utility, it can impact the ability to raise revenue.��Social impacts may be hard to quantify in dollar terms, but they need to be included in the analysis of consequence of failure in some way, either quantitative or qualitative.��Costs or Impacts Related to Collateral Damage Caused by the Failure: In some cases, when an asset fails, damage may be caused to other assets within the utility or to assets unrelated to the water utility. An example of this type of damage might include a water line failure causing a sinkhole which causes major sections of a road to collapse or damages the foundation of a building. In addition, cars may be damaged in the sinkhole. The damage from the pipe failure without the sinkhole would be fairly minimal. With the sinkhole, there is collateral damage including the road, the building, or cars. Another example would be a sewer pipe failure that leaks sewage into a home or yard or onto a schoolyard or playground. In this case, a significant amount of cleaning will be required to restore the property. The utility will be held responsible for this collateral damage, so the costs related to this type of failure need to be considered in the assessment of costs of failure. Collateral damage may also occur within a utility. If a sewer collapses, debris may be delivered to the water treatment plant which may damage motors or other moving parts.��Legal Costs Associated with Failure: In some cases, individuals or businesses may sue the utility for damages or injuries caused by an asset failure. These costs would be in addition to the costs of repairing and replacing damaged property or other assets. For example, imagine a driver is driving down the road and his car falls into a sinkhole caused by a water line failure, and the driver sustains an injury. The driver may sue the utility to cover the costs associated with the injury and loss of work time. Utilities may also be sued for causing significant environmental damage. Environmental Impacts or Costs: Some types of asset failure can cause environmental impacts. The costs related to these impacts may not always be easy to assess in monetary terms. However, some attempt should be made to assign some type of quantitative or qualitative value to the environmental consequences. An example of an environmental cost related to a failure would be a sewer pipe that leaked sewage into a waterway or onto public or private land. A value, either monetary or qualitative, would need to be placed on this type of consequence. If the leakage could result in a regulatory fine, the cost of the fine could be included. The cost of other environmental damage can be assessed qualitatively or a dollar amount can be estimated. A failure that could result in raw sewage being discharged into a major waterway should be given a high consequence rating; a failure that would have the potential to cause a more limited environmental impact could be given a medium rating; and a failure that would cause no environmental impact could be given a low rating.��Public Health Impacts or Costs: Some types of asset failures can negatively impact public health and safety. As with environmental costs, the costs related to these impacts may not always be easy to assess in monetary terms. However, some attempt should be made to assign some type of monetary or qualitative value to the consequences.��Reduction in Level of Service: The assets must be in working order to deliver the level of service desired by the water utility and its customers. If the assets fail, the ability to deliver the desired level of service may be compromised. An asset that has a major impact on the ability to meet the level of service would be considered more critical to the utility than an asset whose failure would not have a significant impact on level of service.�Other Costs Associated with Failure or Loss of Asset: The costs in this category are any other costs that can be associated with an asset failure that are not adequately defined within the categories above. An example of a cost that may be included in this category is loss of confidence in the water utility or loss of the utility's image. Certain types of failures may negatively impact the public's confidence in the water utility and this may have a cost to the utility. Other examples include loss of income related to the inability to provide service for a period of time, loss of the service itself, or health or safety impacts to workers.��In assessing the overall consequences of asset failure, the utility should consider all the costs associated with the categories above. The assessment can be a simple ranking of the consequences from 1 to 5 or 1 to 10. In this type of structure, the assets can be ranked against each other, but a specific monetary amount does not need to be calculated for the failure of each asset. For example, a major distribution line that has the potential to cause major failures and social and collateral damage and legal consequences might be ranked "5" while a small valve serving a residential area that has low costs of repair and essentially little or no social or environmental consequence would be given a ranking of "1." In this way, there is a qualitative assessment of which assets have a greater consequence than others, but no specific quantitative assessment is performed.��An example of a rating scale using 1 to 5 is shown below.�Similar to probability of failure ratings, the consequence ratings can be developed by gathering people who are knowledgeable about the assets together in a room to determine the potential consequences of asset failure. This ranking does not have to be a long, time-consuming activity. A small utility should be able to complete this process by meeting a few times for a few hours. A larger utility may take a little longer.��Again, it is important to remember that the assets should be ranked relative to each other. The rankings should not be compared to other utilities; this ranking is meant as an internal tool only. The goal is to determine which of your assets will result in serious consequences for the utility if they fail.��Once the assets are ranked according to the chosen scale, the results can be reviewed to see if they make sense. If you believe the assets that are ranked highest in terms of consequence of failure are the ones for which the consequence is the greatest, then the results are fine for a starting point. If not, then adjustments can be made until the rankings make sense.��A more sophisticated approach can be used, but a simple ranking like 1 to 5 works very well and will not take a lot of time to accomplish. From an implementation perspective, it may be easiest to use the same scale for both consequence and probability of failure, but it is not necessary to do it this way. If the utility wishes to use a 1 to 5 ranking for probability of failure and a 1 to 10 ranking for consequence of failure, or vice versa, that is fine. 



Redundancy Reduces Risk

https://swefc.unm.edu/home/amkan/Chapter5Videos/CR-9.m4v

Presenter Notes
Presentation Notes
In some cases, there should be redundant assets in a utility. If an asset fails, there is another asset that can operate in its place. If there is total redundancy (i.e., the redundant asset can perform the function of the failed asset completely) then the consequence of the initial asset failing is greatly reduced. The probability of failure is not affected because the asset still has the same likelihood of failure, but its consequence is much less. The consequence does not fall to zero, however, because the asset would still need to be repaired; the redundant asset must be able to perform; and when the redundant asset is put into service, there is no redundancy until the failed asset is returned to service or replaced. In general, the more redundancy, the lower the consequence of failure.Operating water utilities is inherently risky. Chemicals are used in treatment and pipes are placed under major roads and waterways. Redundancy offers one way to reduce risk. Redundancy can be a very good risk reduction strategy - consider the fact that an airplane can fly on one engine - but it can also be an expensive way to operate, so this strategy should be used judiciously.��Redundancy can be incorporated into the risk assessment process in two ways. It can be built into the determination of consequence of failure so that the ranking given to the asset takes into account that there is partial or total redundancy. For example, if the asset without redundancy would be given a consequence of 5, the asset with redundancy might be given a consequence of 1 or 2. Another method of considering redundancy in the process is to multiply the redundancy factor times the overall risk score. 

https://swefc.unm.edu/home/amkan/Chapter5Videos/CR-9.m4v


Risk of Failure

• Probability of Failure (POF)
o Remaining life
o Structural condition

• Consequence of Failure (COF)
o General rating (negligible, moderate, high)
o Depth & size of asset (influences cost of replacement)
o Proximity to important community features:
o (floodplains, environmental hazards, buildings, roadways)

• Redundancy (R)
o Duplicate asset serving as back-up

Risk = POF x COF x R



Identify Critical Assets based on Risk
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High Risk
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Low Risk

(III)

Moderately Low Risk
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Presenter Notes
Presentation Notes
When the risk assessment for each asset has been completed, a graph showing the risk for each asset is a useful tool to quickly see which of the assets is most critical. Plotting the risk number on a graph with probability of failure on one axis and consequence of failure on the other axis is the easiest way to accomplish this. The graph can be divided into four categories of risk, as shown on the risk matrix (or "quad chart") below. 



Criticality and Energy Use

• Factors
o Meets Energy Efficiency Goals
o Energy Use
o Renewable Source of Energy
o Potential Alternatives
o Costs
o Availability of Funding/Financing/Rebate
o Operability
o Regulatory Requirements

1 Very Low Energy Use

2 Low Energy Use

3 Moderate Energy Use

4 High Energy Use

5 Very High Energy Use

1 Very Low Feasibility

2 Low Feasibility

3 Moderate Feasibility

4 High Feasibility

5 Very High Feasibility

Presenter Notes
Presentation Notes
Another component to consider when assessing which assets are critical to the process is energy use. If the asset is a high energy user, there is an operational cost associated with that energy use. Ranking assets according to energy use in a manner similar to the condition and consequence rankings will allow energy to be a consideration in the overall process of criticality.��There are many factors to consider when assessing criticality related to energy efficiency. Most of these factors fall within two major headings: the asset's impact on energy use, and the feasibility of addressing the energy use of the asset through installing a new asset or some other method. Discussed below are criteria that can be considered.��When an asset uses energy - either directly or indirectly - its impact on energy use and energy efficiency goals should be considered. The following criteria describe some of these considerations.��Meets Energy Efficiency Goals:�When determining criticality for energy purposes, it is important to discuss whether the asset currently contributes to meeting the utility's energy goals or whether it is a factor in not meeting the goals. If the asset is allowing the utility to meet its energy goals, it should be given a low score (i.e., low criticality) and if it is not meeting the energy efficiency goals it should be given a high criticality score.�Energy Use:�If an asset uses large amounts of energy, there may be a potential for significant energy use reductions related to installing a more energy efficient asset. If the asset uses very little energy or the asset is already as energy efficient as practical, there may be little potential for reducing the energy use. Assets that have a high energy usage should be given a higher rating than assets that have a low energy use. This evaluation should use actual energy use data when available.�Renewable Source of Energy:�When considering energy use, understanding how the energy source impacts the environment may be an important part of the energy criticality evaluation. If an asset is a significant contributor to greenhouse gas emissions it may be given a higher rating. If an asset uses a renewable energy source, it would be given a lower ranking.��A table showing a 1 to 5 ranking system is presented below.The second aspect of the criticality discussion for assets that use energy is the feasibility of addressing the energy use. For the utility to be able to address the energy use of an asset, there must be a feasible alternative to the current asset, or a more efficient way to operate it, or a different energy source. The more feasible the project is, the higher the ranking should be. The less feasible, the lower the ranking.�Potential Alternatives:�When deciding if the asset's energy usage can be reduced, consideration must be given to whether there are potential alternatives to the current asset. For example, an asset may be 65% efficient and the utility may desire it to be 75% efficient, but this increase is not possible if there is not a replacement asset on the market with that efficiency rating. Consideration must also be given to operational changes that may be required by the alternative. The more feasible a potential alternative is, the higher the criticality ranking score.�Costs:�There may be alternatives to the asset as described above, but both capital and operational costs of the alternative(s) must be considered. Additionally, any cost savings that will result from the reduction in energy usage should be taken into consideration. The operational cost savings can be compared to the capital cost to determine how long it would take in savings to pay for the capital. The shorter the period, the better the project. The energy source of the original asset and any potential alternatives should be considered as well. When converting from one source of energy to another (i.e. electricity to natural gas) the operational costs may be significantly impacted. Any non-monetary costs - either positive or negative - should also be considered, such as social and environmental costs. The lower the costs or the greater the energy savings, the higher the criticality ranking.�Availability of Funding, Financing or Rebates:�The question must be asked, How can the potential energy reduction alternative be paid for? If funding is available or if there are specific rebates or other incentives in the funding for the alternative, the project criticality ranking is higher.�Operability:�Is it possible for the alternative to be operated with current staff upon completion? If the answer to this question is yes the ranking should be higher and if the answer is no, the ranking should be lower.�Regulatory Requirements:�If an alternative is required to meet new or existing state or federal regulations or to address non-compliance, it should be given a higher ranking.Similar to the approach with probability of failure and consequence of failure the assets can be ranked according to energy usage and ability to address the energy usage. The assets can be given a score of 1 to 5 for energy usage and a score of 1 to 5 for the potential to address the energy usage. The assets with the highest scores would be those that have both high energy usage and high ability to do something about it. These assets would be "critical" from the standpoint that if the asset were replaced or rehabilitated in some way related to �



Questions?   



Five Core Components…Five Steps   

1. Build an Asset Inventory

2. Select a Level of Service

3. Identify Critical Assets

4. Estimate Life-Cycle Costs

5. Evaluate Long-Term Funding/Financing Step 5

Step 1



Cost Types

• Initial cost of installation
• O&M
• Repairs
• Rehabilitation
• Disposal
• Legal, environmental, or social costs
• Debt

Presenter Notes
Presentation Notes
In order to improve decisions regarding the management of assets, it is necessary to know the costs of the various components of the life cycle of an individual asset. These costs include:initial cost of installationoperations and maintenance expensesrepairs costsrehabilitation costsdisposal costlegal, environmental, or social costsAt the beginning of an Asset Management program, it is often difficult to find historical cost information for individual assets. Instead, information is usually in an aggregate form. The utility may know total expenditures for operations and maintenance, but not how much of that cost was spent on a particular pump or well or blower. The lack of this type of specific information makes it more difficult to determine the optimal time to replace assets.If you don't know that of the $40,000 you spent on O&M at the water plant, $5,000 was spent maintaining a transfer pump this year and an additional $3,000 the prior year on the same pump, you won't be able to see that it would be more cost effective to buy a new pump at $7,000 than continuing to maintain the old asset.��Aggregate data also makes it harder to determine the overall quality of the utility. For example, suppose maintenance costs are $70,000 per year for a water utility. It would be helpful to know if that cost is uniformly spread out between field assets (pipe, valves,) and plant assets (treatment, storage) or whether a single asset or asset class makes up most of that cost. 



O&M Costs: Degrees of O&M
• Reactive:

Meet maintenance and repair needs as they arise

• Preventive:
Proactively undertake system maintenance and renewal activities prior to failures

• Mixed:
Assign some assets reactive maintenance & others preventive



O&M Costs: O vs M

• Operations
o Standard procedures

performed on a routine basis
o Alternate procedures

performed in response to planned maintenance/repair
o Emergency procedures

performed in response to failure or natural disaster

• Documented in an O&M Manual

Presenter Notes
Presentation Notes
Operations, or operational activities, can be classified into three categories: standard operating procedures, alternate operating procedures, and emergency operating procedures. During the normal course of operations of a water facility, standard operating procedures should be used. Standard operating procedures represent those activities that operators perform on a routine basis to keep the plant functional and to ensure that all permit conditions or regulatory requirements are met. These activities include opening and closing valves, turning on and off pumps, filling chemical tanks, and putting fuel in vehicles.��Standard operating procedures will be used most of the time. However, conditions may change. Perhaps a piece of equipment is taken off line for maintenance or repair or for scheduled shut-downs. Under these conditions, the utility should follow alternative operating procedures. When severe conditions occur, such as natural disasters (flooding, tornadoes, fire) or the sudden failure of a critical asset, the utility needs to follow emergency operating procedures.��The key to efficient operations, whether standard, alternate, or emergency, is to ensure that all personnel are familiar with the procedures. Standard and alternate operating procedures should be captured in an operations and maintenance manual. For a small utility, the manual does not need to be lengthy or excessively detailed. It needs to clearly state what procedures should be followed during normal conditions and how those procedures might be modified in circumstances that call for alternate operating procedures, and it should specify the conditions that require alternate operating procedures. The document should be in a format that is easy to understand, and, above all, should be available to utility personnel. The document should be easy to modify if new procedures are adopted or conditions change.�



O&M Costs: O vs M   

• Maintenance
o Routine: performed on a regular basis
o Planned: planned, in lieu of responding to failure/crisis
o Preventative: performed to prevent failure
o Warranty-Related: required by manufacturer
o Corrective: performed in response to failure
o Monitoring
o Documented in some way: written, software, CMMS

Presenter Notes
Presentation Notes
Maintenance involves those activities that help keep the assets in good working order so that it will operate smoothly. These activities include such things as: changing the oil, cleaning out a sewer, and lubricating moving parts. Maintenance falls into 5 broad categories.Routine MaintenancePlanned MaintenancePreventative MaintenanceWarranty-Related MaintenanceCorrective MaintenanceRoutine maintenance represents those activities done on a regular schedule, such as quarterly oil changes or monthly lubrication. These activities are necessary to ensure that the asset will perform properly and can be performed with minimal to no impact on the utility operations.��Planned maintenance is any work that is done on the asset in a planned and predictive way, rather than as a response to a failure or crisis. An example of this type of activity is a planned sewer cleaning program. The utility may decide to clean 1 mile of sewer every month, and a plan can be developed to move through the sewer utility to get this work performed.Preventative maintenance is similar to planned maintenance, but it involves actions specifically taken to prevent a failure. For example, if the utility examines a sewer with a camera and it shows significant corrosion of a concrete pipe, the utility may wish to add a chemical to reduce sewer gas build up. Another example is a pump that is showing signs of wear in the bearings. The utility can replace the bearings before they fail so that the work may be performed when it is advantageous for the utility (e.g., during business hours, when an operator is on duty, and when spare parts can be ordered ahead of time).��Warranty-related maintenance is any action required by a manufacturer to ensure that the warranty remains in effect. If a manufacturer's warranty on a particular asset requires specific maintenance, this maintenance needs to be completed on the appropriate schedule and documented to make sure the warranty is not voided.Corrective maintenance is the work performed after an asset fails in some way. It might be a small failure that requires very little effort to fix or it might be a major failure. A utility should strive to minimize this type of maintenance in order to reduce costs, keep the facility operational, and the levels of service met.�A companion activity to maintenance is monitoring. Monitoring should be done to determine when maintenance should be performed. Monitoring can be permanent and on-going with continuous read equipment or it can be intermittent. As with operational procedures, maintenance activities need to be documented in some way. There are several options. A utility could have a written program, a generic computer-based program, or a computerized maintenance management system (CMMS.) EPA's CUPSS program includes a maintenance component to help small utilities identify routine maintenance activities. Any type of written or electronic maintenance program needs to include a mechanism to document that the work has been completed, so that managers can track maintenance activities and cost on an individual asset basis.�



O&M Costs: Questions

• What am I currently doing that I need to continue?
• What am I currently doing that I need to discontinue?
• What am I not doing that I need to start doing?
• What am I not doing that should stay that way?

Presenter Notes
Presentation Notes
Chances are you conduct activities in all of these O&m&m  categories. It is highly likely that the maintenance currently performed involves more reactive maintenance and less proactive maintenance than is optimal. A good goal in practicing Asset Management principles is a ratio of 80 percent planned maintenance (including the categories of planned, preventative, and warranty-related) and 20 percent reactionary (corrective) maintenance. The more the utility does in a planned, predictive manner, the more efficient the overall operation. Planned maintenance helps to forestall failures, lengthens the life of assets, and saves money by avoiding overtime for repair activities and allowing sufficient time for obtaining spare parts on a non-emergency basis. When the maintenance activities are mostly corrective, it is an indication that not enough planned and preventative maintenance is being performed.��Once a utility decides to move to more planned maintenance, the next question is which maintenance activities should be performed and how often. Just as reactionary maintenance is more expensive than planned maintenance, doing the wrong type or frequency of planned maintenance is also inefficient and wastes money. Furthermore, doing inappropriate activities takes time away from doing the activities that are most likely to prevent failures. For example, although the oil in a car could be replaced every month, doing so does not extend its life more than changing the oil every 3 months or changing the oil based on usage.��



O&M Costs: Based on Risk
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Moderately High Risk

Preventative or Mixed O&M

High Risk

Preventative O&M

Low Risk

Reactive or Mixed O&M

Moderately Low Risk

Preventative or Mixed O&M

Presenter Notes
Presentation Notes
The question of which maintenance to perform and how often relates to the discussion of criticality (Step 3). The more critical an asset is, the more important preventative maintenance is. If an asset is likely to fail and the consequence is high if it does fail (the high criticality box on the quad chart,) then a utility would be wise to put a lot of resources and effort into making sure the failure doesn't occur. If, on the other hand, an asset is unlikely to fail and even if it does, the consequences are very low, the utility shouldn't be spending much on trying to prevent the failure. In fact, in the case of low criticality assets, letting the asset "run to failure" may be the most advantageous way to operate.��Examining the assets that are in the high criticality category is a good starting point for deciding what maintenance to perform. Each class and type of asset has different types of maintenance that can help prevent a failure. A cleaning program can help prevent sewer pipe failures. A flushing and inspection program can help prevent fire hydrant failures. A valve exercising program can help prevent valve failure. A pump cleaning program can help prevent chemical feed pump failures. The first step is to determine the types of assets in the high risk category and the types of maintenance that can be performed to help forestall the failure. The next step is to determine if the utility has the tools and expertise to perform the maintenance. If it is not possible to perform maintenance to forestall a failure, another option, such as replacement, rehabilitation or providing a redundant asset to reduce the risk may be chosen.��As with operational procedures, maintenance activities need to be documented in some way. There are several options. A utility could have a written program, a generic computer-based program, or a computerized maintenance management system (CMMS.) EPA's CUPSS program includes a maintenance component to help small utilities identify routine maintenance activities. Any type of written or electronic maintenance program needs to include a mechanism to document that the work has been completed, so that managers can track maintenance activities and cost on an individual asset basis.��



Asset Repair, Rehab, or Replacement

• Consider:
o Condition
o Capital costs
o O&M costs
o Remaining useful life
o Decay pattern
o Criticality
o Energy Use
o Impact on LOS

Presenter Notes
Presentation Notes
in some cases, an asset can be repaired. The repair will not bring the asset back to its original condition, but it can keep the asset operational for a period of time. The condition of the asset at the time of the repair is an important consideration. If the asset retains a reasonable amount of structural integrity, a repair makes sense because the asset will still perform effectively. If, however, the asset shows significant deterioration, a repair makes less sense. One of the other options, rehabilitation or replacement, should be followed in this case.Sometimes, an asset can be rehabilitated to bring it close to its original condition and extend its useful life. Rehabilitation can be done before an asset fails, or in some cases, after failure. Rehabilitation is generally less expensive than installing a new asset, but more expensive than repairing the asset. Rehabilitation can be used effectively if the additional useful life is enough to justify the cost. An example of rehabilitating an asset is lining sewer pipe. If the pipe has some structural integrity left, lining the pipe can bring it to an almost new condition and give the pipe an additional 50 years or more. The lining also eliminates the need to dig up the pipe and replace it, which reduces the cost.��The last option is replacement. The asset can be replaced with a similar technology, a completely new technology, or a more efficient technology. The replacement should be one that makes sense for the utility from a capital and operational standpoint and should fit with the level of service goals and the long-term plans for operation.��The selection of repair, rehabilitation or replacement involves a consideration of: the feasibility of the options; the condition of the existing asset; the capital cost of each option; the operations and maintenance cost after the repair, rehabilitation, or replacement; the remaining useful life in each case; the decay pattern; asset criticality; energy use; and the impact on level of service.�Feasibility of the Options: Not all of the options will be available in all cases. There may be cases in which the asset is too badly damaged to be repaired. There may be limited rehabilitation options for many of the assets or the asset may have been too badly damaged to enable this option.�Condition of Existing Asset: If the asset condition is fair or higher, repair may be a good option as long as the repair is relatively inexpensive compared to the cost of a new asset. In the case of a poor condition asset or an asset whose repair costs are high, replacement or rehabilitation may be better options.�Capital Cost of Repair, Rehabilitation, or Replacement: The capital costs of each option should be determined.�Operation and Maintenance Costs: Different options lead to different costs of operation and maintenance. The costs of maintaining an asset that has been repaired could be different than the costs related to an asset that has been rehabilitated or replaced. If the asset is one that uses energy, a cost difference may occur if a more energy efficient asset is installed to replace the asset or if the new asset has a different energy source.Remaining Useful Life: If the asset is repaired, the useful life will probably remain the same as before, although the initial failure could cause some decrease. If the asset is rehabilitated, the useful life can be extended to almost as long as the original asset. If the asset is replaced, the asset life will be the life span of the new asset. As an example, if an existing asset had a useful life of 40 years and was 30 years into its life at the time of the failure, repairing the asset will likely keep the 10 year remaining life; rehabilitating the asset may result in an additional 30 years of life (for a total of 60 years from installation to replacement); and replacing the asset might provide an additional 40 years of life for a total of 70 years of life for the two assets together. In this example, replacement only provides an additional 10 years, compared to rehabilitation. To make this option attractive, the cost of replacement would have to be close to the cost of rehabilitation. Otherwise, rehabilitation may be a better option than replacement.�Decay Pattern: After an asset is installed, it will start to decay or deteriorate at some rate over the course of its useful life. In some cases the decay may be very slow at first and then start to increase until it increases very rapidly as it gets closer to the end of its life. In other cases, the decay may be more evenly distributed over the asset's life. Each asset or asset class has a different type of decay pattern or curve. If the decay pattern was known for the various assets or asset classes, it would be easier to make decisions about what to do when the asset failed. If the asset was in the beginning of its decay curve, repairing a failure would make sense. If the asset was at the point where it was decaying at a very rapid rate, it would make more sense to replace rather than repair the asset. It is difficult to know the exact decay curve for each asset, but the utility's experience with various asset classes can help determine how the asset will respond to failures. If the utility notices that a type of asset usually lasts 10 years before its first repair, then has a few repairs over the next 5 years, then seems to break constantly, a decay pattern can be established. This example asset has a slow decay rate for 10 years, then an increasing rate for 5 years, followed by a rapidly increasing decay rate, until the asset ultimately replaced. In this scenario, an asset should be repaired if it is in the first 15 years, and replaced within the next few repairs after that time. It will not be possible to know the decay pattern of all the asset classes, but it may be possible to know some of them, particularly assets that have shorter lives. Any historical knowledge you can gather to help define the decay patterns, will help you make a better determination of how to respond to an asset failure.Asset Criticality: When a high risk asset has failed, it may be more advantageous to replace or rehabilitate the asset, than to repair it. The risk of the asset failing again may be too great to allow for a repair.Energy Usage: If the asset is high priority from an energy standpoint (the asset is uses a lot of energy and it is highly feasible to do something about it) it should be replaced with a more energy efficient asset. Alternatively, if the level of service includes a goal to reduce green house gas emissions and the asset can be replaced by an asset that uses a "green" source of energy, replacement of the asset may be a good idea, even if this option is not the cheapest alternative. (There are resources, such as Portfolio Manager, that can help a utility determine energy usage and these resources are included in Chapter 10. Also, a table is included in Appendix D to assist utilities in the determination of potential energy savings projects.)�Impact on Level of Service: Some options may have an impact, positive or negative, on the level of service. This impact must be taken into consideration in the evaluation of how to decide which option to choose.�Thus far, the discussion has been focused on assets that have failed. Some high risk assets will need to be replaced or rehabilitated to prevent failure. Some medium risk assets, those with high consequences of failure, may also be replaced prior to failure. These replacement or rehabilitation projects can be done as planned activities and the costs can be included in the capital improvement planning process. 



Asset Repair, Rehab, or Replacement   

https://swefc.unm.edu/home/amkan/Chapter6Videos/LC-12.m4v

Presenter Notes
Presentation Notes
in some cases, an asset can be repaired. The repair will not bring the asset back to its original condition, but it can keep the asset operational for a period of time. The condition of the asset at the time of the repair is an important consideration. If the asset retains a reasonable amount of structural integrity, a repair makes sense because the asset will still perform effectively. If, however, the asset shows significant deterioration, a repair makes less sense. One of the other options, rehabilitation or replacement, should be followed in this case.Sometimes, an asset can be rehabilitated to bring it close to its original condition and extend its useful life. Rehabilitation can be done before an asset fails, or in some cases, after failure. Rehabilitation is generally less expensive than installing a new asset, but more expensive than repairing the asset. Rehabilitation can be used effectively if the additional useful life is enough to justify the cost. An example of rehabilitating an asset is lining sewer pipe. If the pipe has some structural integrity left, lining the pipe can bring it to an almost new condition and give the pipe an additional 50 years or more. The lining also eliminates the need to dig up the pipe and replace it, which reduces the cost.��The last option is replacement. The asset can be replaced with a similar technology, a completely new technology, or a more efficient technology. The replacement should be one that makes sense for the utility from a capital and operational standpoint and should fit with the level of service goals and the long-term plans for operation.��The selection of repair, rehabilitation or replacement involves a consideration of: the feasibility of the options; the condition of the existing asset; the capital cost of each option; the operations and maintenance cost after the repair, rehabilitation, or replacement; the remaining useful life in each case; the decay pattern; asset criticality; energy use; and the impact on level of service.�Feasibility of the Options: Not all of the options will be available in all cases. There may be cases in which the asset is too badly damaged to be repaired. There may be limited rehabilitation options for many of the assets or the asset may have been too badly damaged to enable this option.�Condition of Existing Asset: If the asset condition is fair or higher, repair may be a good option as long as the repair is relatively inexpensive compared to the cost of a new asset. In the case of a poor condition asset or an asset whose repair costs are high, replacement or rehabilitation may be better options.�Capital Cost of Repair, Rehabilitation, or Replacement: The capital costs of each option should be determined.�Operation and Maintenance Costs: Different options lead to different costs of operation and maintenance. The costs of maintaining an asset that has been repaired could be different than the costs related to an asset that has been rehabilitated or replaced. If the asset is one that uses energy, a cost difference may occur if a more energy efficient asset is installed to replace the asset or if the new asset has a different energy source.Remaining Useful Life: If the asset is repaired, the useful life will probably remain the same as before, although the initial failure could cause some decrease. If the asset is rehabilitated, the useful life can be extended to almost as long as the original asset. If the asset is replaced, the asset life will be the life span of the new asset. As an example, if an existing asset had a useful life of 40 years and was 30 years into its life at the time of the failure, repairing the asset will likely keep the 10 year remaining life; rehabilitating the asset may result in an additional 30 years of life (for a total of 60 years from installation to replacement); and replacing the asset might provide an additional 40 years of life for a total of 70 years of life for the two assets together. In this example, replacement only provides an additional 10 years, compared to rehabilitation. To make this option attractive, the cost of replacement would have to be close to the cost of rehabilitation. Otherwise, rehabilitation may be a better option than replacement.�Decay Pattern: After an asset is installed, it will start to decay or deteriorate at some rate over the course of its useful life. In some cases the decay may be very slow at first and then start to increase until it increases very rapidly as it gets closer to the end of its life. In other cases, the decay may be more evenly distributed over the asset's life. Each asset or asset class has a different type of decay pattern or curve. If the decay pattern was known for the various assets or asset classes, it would be easier to make decisions about what to do when the asset failed. If the asset was in the beginning of its decay curve, repairing a failure would make sense. If the asset was at the point where it was decaying at a very rapid rate, it would make more sense to replace rather than repair the asset. It is difficult to know the exact decay curve for each asset, but the utility's experience with various asset classes can help determine how the asset will respond to failures. If the utility notices that a type of asset usually lasts 10 years before its first repair, then has a few repairs over the next 5 years, then seems to break constantly, a decay pattern can be established. This example asset has a slow decay rate for 10 years, then an increasing rate for 5 years, followed by a rapidly increasing decay rate, until the asset ultimately replaced. In this scenario, an asset should be repaired if it is in the first 15 years, and replaced within the next few repairs after that time. It will not be possible to know the decay pattern of all the asset classes, but it may be possible to know some of them, particularly assets that have shorter lives. Any historical knowledge you can gather to help define the decay patterns, will help you make a better determination of how to respond to an asset failure.Asset Criticality: When a high risk asset has failed, it may be more advantageous to replace or rehabilitate the asset, than to repair it. The risk of the asset failing again may be too great to allow for a repair.Energy Usage: If the asset is high priority from an energy standpoint (the asset is uses a lot of energy and it is highly feasible to do something about it) it should be replaced with a more energy efficient asset. Alternatively, if the level of service includes a goal to reduce green house gas emissions and the asset can be replaced by an asset that uses a "green" source of energy, replacement of the asset may be a good idea, even if this option is not the cheapest alternative. (There are resources, such as Portfolio Manager, that can help a utility determine energy usage and these resources are included in Chapter 10. Also, a table is included in Appendix D to assist utilities in the determination of potential energy savings projects.)�Impact on Level of Service: Some options may have an impact, positive or negative, on the level of service. This impact must be taken into consideration in the evaluation of how to decide which option to choose.�Thus far, the discussion has been focused on assets that have failed. Some high risk assets will need to be replaced or rehabilitated to prevent failure. Some medium risk assets, those with high consequences of failure, may also be replaced prior to failure. These replacement or rehabilitation projects can be done as planned activities and the costs can be included in the capital improvement planning process. 
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Capital Improvement Planning

• Reasons for new assets
o Replacement/Rehab
o Future regulations
o Growth
o Consolidation/ regionalization
o Improve technology

Presenter Notes
Presentation Notes
A utility will have many reasons to install new assets or rehabilitate existing assets. �some high risk assets will need to be replaced or rehabilitated on a planned schedule.�New rules at the state or federal level may require  wastewater utilities to install new assets to meet the requirements. For example, when EPA lowers the Maximum Contaminant Levels (MCLs) of primary contaminants or begins regulating a new contaminant, the utility may need to add treatment technologies or make some other changes, to meet the new regulation. It is important for utilities to be aware of upcoming regulations and consider how they may impact the capital needs of the utility.�A utility's service area may expand requiring new infrastructure to reach additional customers, or population growth may occur within the existing utility boundaries requiring expansion of capacity. This growth may result in the need for additional wastewater piping, treatment facilities or storage tanks.�Some utilities may find it advantageous to consolidate or regionalize with other nearby utilities. When this consolidation or regionalization includes a physical connection between the utilities, new assets may be required.� In some cases, a utility may wish to replace an asset with a new asset that uses a different technology. The new technology may result in better operation or improved energy efficiency. Newer assets are often more energy efficient than older assets, so there may be opportunities for significant cost savings if an asset is replaced with a more energy efficient asset. In other cases, assets may be replaced by technologies that improve customer service or enhance operational efficiencies. An example of this type of asset replacement includes a SCADA system that electronically controls the utility's operations.



Capital Improvement Planning 
• Contents

o Project descriptions
o Project needs & benefits
o Project cost
o O&M costs
o Funding sources
o Impact on LOS

Presenter Notes
Presentation Notes
Projects needed to address any of the issues described above should be compiled into a Capital Improvements Plan. The plan, at a minimum, should cover 5 years, but a time horizon of at least 20 years is preferable. Although projects in years 15 through 20 are more speculative in nature than those in the first 5 to 10 years, this long range projection helps the utility plan for and fund its future capital needs.��The capital improvements plan should specify project priorities and the anticipated funding source for each one. The projects should be listed by the year in which they are planned. At a minimum, the capital improvement plan or CIP should include the following information:Description of the projectNeed for and benefits of the projectEstimate of project costEstimate of O&M including reductions in energy costs for projects that address energy efficiencyFunding source(s)It is important to note that the funding source can be internal or external. If the utility desires to track projects separately based on whether it will use internal or external funding sources, it can separate the projects between a CIP (projects funded by outside sources) and a Replacement Schedule (projects funded by internal sources) otherwise all the projects can be listed together on the CIP.��The CIP needs to be updated annually so that it always covers the same length of time. As projects are completed, they should be removed from the list. Projects listed for the current year that were not completed should be moved to a later year. If no projects are anticipated for a given year, the CIP should reflect this. 



Questions?    



Five Core Components…Five Steps    

1. Build an Asset Inventory

2. Select a Level of Service

3. Identify Critical Assets

4. Estimate Life-Cycle Costs

5. Evaluate Long-Term Funding/Financing Step 5

Step 1



Compare Revenue to Life Cycle Costs

USEPA, undated
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Funding Sources

Capital Projects:

Internal/External Funding:

Grants

Loans

Special Funds

Bonds

O&M:

Internal Funding:

Taxes

Customer Fees

Impact Fees

Customer Rates

Presenter Notes
Presentation Notes
In order to manage and operate your utility at the desired level of service and at the appropriate cost to your customers, you will need to have a sustainable funding strategy. Specifically, You need to make sure you are funding the operation and maintenance, repair, rehabilitation, and replacement of assets at the appropriate level.Your utility has both internal and external sources of revenue. �External funding for capital projects comes from loan and grant programs and from bonds. Most federal and state loan and grant programs fund only capital projects and the utility is responsible for the overall operations and maintenance. When your utility applies for funding from state and federal agencies for capital expenses, you are more likely to be successful if you demonstrate that your rates are sufficient to cover the cost of service and that you have incorporated additional operational costs that the new project might incur.��Internal funding for day-to-day operations comes from utility rates and fees. These rates and fees should be sufficient to recover the cost of operations. Besides customer rates, a utility may have other fees such as connection fees, stand-by fees, reconnection fees, and developer impact fees.



External Funding: Capital Improvements
Asset Management helps in grant/loan applications

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-2.m4v

Presenter Notes
Presentation Notes
Much of the funding for capital projects comes from external sources or non-utility revenues. These sources typically include governmental or commercial loans, governmental grants, and bonds. A utility reserve account may be used to pay for part of a project or may serve as a local match, when required by a funding agency.Government loans typically involve relatively low transaction costs, and interest rates may be subsidized, particularly for small communities. Each state and federal loan program has specific application procedures, eligibility requirements, and deadlines. For example, in some cases the applicant must prove a benefit for low to moderate income residents in order to be eligible for funding. Commercial loans are more flexible than government loans, but are typically more expensive for public borrowers. Commercial loans may be one of the few available options for privately-owned utilities.Although utilities may regard grants as a more desirable option than loans, these funds may be very competitive, and their availability is diminishing. Many grants also require a loan in addition to the grant in order to fund an entire project. Each state and federal grant program has specific application procedures, eligibility requirements, and deadlines.Utilities may also wish to seriously consider funding projects in phases to reduce the immediate costs of the project and create more time to acquire the needed revenue. Some phases of the project may be paid for with external funds, while others might be financed with internal funds.

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-2.m4v


Internal Funding: Rate/Fee Structures

• Account for:
o O&M costs
o Debt service
o Emergency operations
o (Some) capital improvements

• Build reserves
• Be affordable to customers
• Include incremental increases
• Build (rate) capacity

Presenter Notes
Presentation Notes
A rate/fee structure is simply an allocation of the costs of operating and maintaining the utility to the customers. �In order to set an effective rate/fee structure, a utility should adopt a full-cost pricing strategy. Full-cost pricing seeks to cover all current and future costs that are not covered by external sources of revenue (grants, loans, bonds, etc). A rate/fee structure based on full-cost pricing needs to provide adequate revenue for four major areas.��Operation and Maintenance Costs�There generally are no outside funding sources for routine operation and maintenance of wastewater utility. Utilities must fund operations and maintenance from internal revenue sources.���Capital Improvements�A Capital Improvement Plan generally includes a plan for obtaining funding for capital projects. However, many grants or grant/loan combinations require a portion of the funding to be provided by the utility. A capital improvement reserve fund is intended to provide those funds.��Debt Service�Few utilities will be able to finance capital improvements without incurring some debt. Your rate/fee structure must provide funds for the repayment of debt. Setting those funds aside in a debt service reserve fund will ensure that the utility can meet its debt obligations.��Emergency Operating Reserves�Some utilities may want to set funds aside to deal with emergencies. This fund may not be a necessity for utilities whose general operating fund is adequate to cover emergencies. Smaller utilities whose day-to-day operations do not leave much surplus will probably want to build a reserve for emergencies.Capital Improvements�A Capital Improvement Plan generally includes a plan for obtaining funding for capital projects. However, many grants or grant/loan combinations require a portion of the funding to be provided by the utility. A capital improvement reserve fund is intended to provide those funds.�



Rates Should…
• Cover costs for O&M, capital projects, and debt

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-5.m4v

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-5.m4v


Rates Should… 
• Build reserves

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-8.m4v

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-8.m4v


Building Rate Capacity

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-9.m4v

https://swefc.unm.edu/home/amkan/Chapter7Videos/FS-9.m4v


Comprehensive Funding Strategies

• Demonstrate O&M revenue source & adequacy
• Specify CIP funding sources
• Include debt repayment
• Define revenue source for increased O&M
• Account for inflation
• Anticipate rising energy costs & identify funding
• Balance L&M costs with CIP costs
• Support community sustainability

Presenter Notes
Presentation Notes
Utilities need to develop a comprehensive funding strategy that clearly defines the sources of funding for all the utility's current and future needs, both operational and capital. At a minimum, the funding plan should look 5 years into the future. However, the funding plan should tie very closely to the capital improvement plan, and since capital projects require long-range planning, this portion of the funding strategy will need to encompass the next 10 years at least and ideally would extend even further. If the community has a business plan, the funding strategy might be a part of that plan.���However you decide to structure your  strategy, it should have the following components:�It should clearly demonstrate the source and adequacy of revenue for day-to-day operations.It should specify the anticipated source of funding for capital projects, from design to implementation (including demolition and/or disposal of existing facilities) and clearly define any portion that needs to be met with internal sources of revenue.It should include repayment of debt that might be incurred for capital projects.It should define the source of revenue for an increased operational costs resulting from capital projects.�It should account for inflation.It should anticipate rising energy costs and incorporate energy efficiency funding options.It should balance operational costs with the costs of future projects, keeping in mind the current financial position, and the community's needs and desires and its ability and willingness to bear those costs. Nothing burdens a community so much as being saddled with paying for an expensive facility it neither needed nor wanted.It should move the community towards a sustainable future.



Questions?     



“Taking a break can lead to breakthroughs.”

-Russell Eric Dobda



Asset Management: 
How Do I Get Started?



Start Simple: A Fiscal Sustainability Plan

• Very simple Asset Management Plan
• Contents

o Inventory of critical assets
o A plan for maintaining, repairing, and replacing the treatment works
o A plan for funding the activities
o An evaluation and implementation of water and energy conservation 

efforts



FSP Example:  City of Biggs, CA

• Asset Inventory Approach
o Evaluating expected lifetimes for each asset 
o Estimating replacement costs for each asset 
o Calculating annualized cost of replacement

• Critical Assets
o Upon failure, significantly affect operation of the WWTP or land 

disposal system; or
o Have an estimated remaining life of ≤ 15 years



City of Biggs FSP:  Asset Inventory



City of Biggs FSP:  Asset Categories (System)

• System Types
o Effluent Pipeline “A”
o Effluent Pipeline “B”
o Effluent Pump Station
o Headworks
o Irrigation System
o Tailwater Collection System
o Treatment System



City of Biggs FSP: Costs

• O&M

• Debt Service

• Asset Replacement

Service Area

Land Disposal 
Site

WWTP



City of Biggs FSP: O&M Costs

Presenter Notes
Presentation Notes
The City estimates that its annual operations and maintenance cost for the wastewater program (i.e., the collection system, WWTP, and land disposal system) is $212,000, as shown in Table 3. 



City of Biggs FSP: Debt Service Costs

Presenter Notes
Presentation Notes
The City applied for grants and loans to pay for both phases of the project, as previously summarized in Table 1. Table 4 summarizes the current debt services for loans awarded, including principal balances and forgiveness, annual principal due, annual interest the remaining term. 



City of Biggs FSP: Asset Replacement Costs

Presenter Notes
Presentation Notes
Table 6 lists the total replacement costs for the all WWTP’s and land disposal system’s primary assets to document the summarized costs presented in Table 5. As in Table 5, the replacement costs shown in Table 6 are based on 2019 replacement estimates, plus a 3% inflation factor across the years of each asset’s remaining life. Unlike O&M and debt obligations that will have a constant annual rate (plus inflation), asset replacement will occur as lump sum expenses, which are incurred at various points in time. For example, the first set of assets will need to be replaced in 2030 for a cost of approximately $906,400 (Table 5). The next set of assets will need replacement in 2034 and 2035, totaling $1,213,000 and $245,500, respectively (also Table 4). This necessitates that the City maintains sufficient reserves within the dedicated wastewater fund to accommodate large cash outflows. The replacement costs shown in Table 4 are based on 2019 replacement estimates, plus a 3% inflation factor across the years of each asset’s remaining life. 



City of Biggs FSP: Asset Replacement Schedule

Presenter Notes
Presentation Notes
Table 5 presents a replacement schedule for assets through 2065, the year at which the assets with the longest remaining life will need replacement. Note that this schedule will likely not be accurate beyond about 2045 or 2050 (30 to 35 years after completion of Phase 1). At that time or before, the schedule will need to be updated to reflect changes in the wastewater system, such as upgrading technologies, adjusting operations to meet demand, and incorporating more current equipment and service costs. Unlike O&M and debt obligations that will have a constant annual rate (plus inflation), asset replacement will occur as lump sum expenses, which are incurred at various points in time. For example, the first set of assets will need to be replaced in 2030 for a cost of approximately $906,400 (Table 5). The next set of assets will need replacement in 2034 and 2035, totaling $1,213,000 and $245,500, respectively (also Table 4). This necessitates that the City maintains sufficient reserves within the dedicated wastewater fund to accommodate large cash outflows. The replacement costs shown in Table 4 are based on 2019 replacement estimates, plus a 3% inflation factor across the years of each asset’s remaining life. Table 6 lists the total replacement costs for the all WWTP’s and land disposal system’s primary assets to document the summarized costs presented in Table 5. As in Table 5, the replacement costs shown in Table 6 are based on 2019 replacement estimates, plus a 3% inflation factor across the years of each asset’s remaining life. 



City of Biggs FSP: Current Revenue

Presenter Notes
Presentation Notes
The City currently collects approximately $644,000 annually in sewer fees from various customers in its jurisdiction. Table 7 shows the sewer rates approved as of 2016 and annual revenue. 



City of Biggs FSP: Funding Plan

Presenter Notes
Presentation Notes
This table presents the estimated annual revenue, O&M and replacement expenses, debt obligations, and balance for the wastewater services funded by the City’s sewer fee. Revenue and expenditures are shown through 2061, when the assets with the longest remaining life will need replacement. The replacement expenses are based on 2019 estimates, plus a 3% inflation factor across the years of each asset’s remaining life. The annual O&M expenses are assumed to increase annually at a 3% inflation rate. The remaining balances do not account for interest, and are therefore underestimated. 



City of Biggs FSP: Funding Plan 

v

Presenter Notes
Presentation Notes
This funding plan indicates the City’s current fee structure may be sufficient through approximately 2053, after which the funds will be insufficient. The City will need to plan for adjusting the sewer fees or obtaining grants or loans to cover future expenses. Note that this funding tabulation is a planning level estimate. While it demonstrates the City has sufficient funds for the short term, expenses and revenues must be regularly re-evaluated to account for system changes resulting from new technologies or updated demands, updated cost information, and changes in revenue that may result from increased or decreased numbers of customers per sector. 



City of Biggs FSP:  Water & Energy Conservation

• Energy Conservation
o Pumps are appropriately sized 
o Variable frequency drives for pumps
o Supervisory Control and Data Acquisition (SCADA) software

• Water Conservation
o Use treated WW to irrigate cropland (rather than potable)  
o SCADA

Presenter Notes
Presentation Notes
The City of Biggs WWTP and land disposal system incorporates the following water and energy conservation practices into their design and operations: • Energy Conservation o Design and selection of pumps are appropriately sized o Inclusion of variable frequency drives for pumps to allow speed variations that can match flow conditions o Installing Supervisory Control and Data Acquisition (SCADA) software that increases the efficiency of process monitoring and operational controls • Water Conservationo Using treated wastewater to irrigate cropland rather than using potable water o Installing Supervisory Control and Data Acquisition (SCADA) software that increases the efficiency of process monitoring and operational controls 



Questions?      



Asset Management: 
What’s Next?



Tracking Progress & Adaptive Management

• Review and Update
o Assets
o Asset Characteristics
o LOS goals
o Life Cycle Costs
o Funding/Financing Plan



Getting Advanced

• Energy Management

• Water Efficiency

• Climate Change

• Regional Planning/Collaboration

• Multi-Sector Coordination



Getting Advanced: Future Training

• Techniques & tools for developing/updating asset inventories & maps

• Setting & measuring level of service goals

• Using data to assess POF & COF

• Prioritizing projects based on risk analysis

• Using risk analysis to make AM decisions

• Funding & creating a CIP

Presenter Notes
Presentation Notes
Techniques, tools, and examples for developing and updating asset inventories and building maps● Setting and measuring level of service goals● Using data to assess probability of failure and consequence of failure● Prioritizing projects based on risk analysis● How risk analysis can be used to make decisions on asset maintenance and repair/replacement/rehabilitation options● Funding and creating a Capital Improvement Plan



Resources

• Technical Assistance
• www.efcnetwork.org/get-help/
• www.efc.csus.edu
• Maureen.Kerner@owp.csus.edu

• EPA Guidance
• https://www.epa.gov/dwcapacity/about-asset-management

http://www.efcnetwork.org/get-help
http://www.efc.csus.edu/
mailto:Maureen.Kerner@owp.csus.edu
https://www.epa.gov/dwcapacity/about-asset-management
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