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Executive Summary 
Water supply challenges and the need for continued conservation planning are driven by declining water 
supplies and aging utility infrastructure. In the United States, water loss is a widespread challenge from 
which no region is immune. 1  The American Water Works Association (AWWA) M36 Manual for Water 
Audits and Loss Control Programs details the industry best-practice for water loss management (M36 
methodology). The M36 methodology targets reduction of loss to economically optimal levels, creating 
both a water resource and financial benefit for the utility.  Based on demonstrated success of water loss 
control programs in other states using the M36 methodology, the Water Infrastructure Finance Authority 

(WIFA) and Arizona Department of Water Resources (ADWR) determined in 2017 to develop a pilot M36 
Water Loss Technical Assistance Program (Program) in Arizona.   

The Program was developed to provide an initial group of six participant utilities with a foundational 
understanding of the M36 methodology, how it is applied, and how the AWWA Free Water Audit Software 
(water audit) data may be used to assess and improve water loss performance at the utility level. Utilities 
were selected from outside the Active Management Areas and represented a mixture of large/small and 
public/private.    

The M36 methodology is cost-effective because it analyzes costs of loss components, and includes a 
validation mechanism.  Research has shown that without validation, systematic error can cause many 
water audits to be unreliable2.  The M36 methodology expresses metrics in terms of validity, volume and 
value for each water loss sub-component.  Validity is the most important of these metrics, as it indicates 
the reliability of the other metrics.   The Program included a validation process where water loss experts 
reviewed supporting documentation and interviewed utility staff to substantiate the contents of each 

                                                           
1 Ress, Erin and J. Alan Roberson. 2016. The Financial and Policy Implications of Water Loss, Journal AWWA, 108(2), E77-E86, 
doi: http://dx.doi.org/10.5942/jawwa.2016.108.0026 
2 Sturm, R. et al. Water Audits in the United States: A Review of Water Losses and Data Validity.  2015. Water Research 
Foundation Project 4372B.  Denver CO.  
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water audit.  All utilities experienced a change in at least one metric including the Data Validity Score, 
which underscores the importance of the validation process.  

The outcomes from the Program included a validated water audit for the reporting year (2016) for each 
utility and utility-specific recommendations for data improvement and water loss management next 
steps.  

Participants provided feedback 
through a post-program survey which 
indicated overwhelming support for 
the Program and its benefits.  Of the 
participants surveyed, 89% are 
considered ‘promoters’ (Rating 8-10 / 
10) of the Program. 

The State of Arizona has, for over a 
century, taken a careful and proactive 
approach to water management.   
A sustainable water supply for the 
future will require continued 
evolution and adoption of state-of-
the-art practices.     More than a 
dozen states3 in the U.S. have 
adopted the M36 methodology by 
mandate and/or providing technical assistance to utilities to promote its adoption.     Short- and long-term 
recommendations for water loss management in the State of Arizona are presented below, based on key 
takeaways from the Program in Arizona, and the author’s experience working with over 1,000 utilities to 
adopt sustained water loss management practices in other statewide M36 Water Loss Programs.  

Short-Term Recommendation 
Continue to collaborate among agency stakeholders to promote use of the M36 methodology with Level 
1 validation to all utilities in Arizona.   There is already growing interest in the M36 methodology in 
Arizona, as evidenced by this Program.  Institutional support from ADWR, WIFA and ACC were drivers to 
put this initial Program in place.  The 2017 ACC memo4 set improving water loss policy as a clear priority 
for private utilities and tied direct support to the Program.  The Arizona Municipal Water Users Association 
(AMWUA) was also supportive of the Program, as its members have expressed desire to learn more about 
the M36 methodology.  AMWUA has since conducted an informational webcast to advance the 
conversation of water loss management with its members in 2018. This type of collaborative effort is 
important and allows the message of best-practices to propagate through multiple channels and 
mediums.  Key factors to promote regarding the M36 methodology are outlined below: 

  

                                                           
3 Cavanaugh, M.S.  State to State Comparison of Water Loss Programs.  Conference Proceedings from IWA Efficient.  Bath, 
England.  2017.   
4 http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-
09%20September%20Open%20Meeting%20News%20Briefs.asp 

http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
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The M36 methodology provides the utility and the State of Arizona with insight for water loss 
management in three ways: 

A. M36 measures reliability via validity.  The M36 methodology includes a mechanism to measure 
reliability. Without this check and balance, a system reporting extremely low water loss levels 
may appear to be a top performer when in truth their water loss assessment is erroneous.  
Unrealistic results were discovered in some of the self-reported audits provided by pilot utilities, 
including negative water loss.  The Program demonstrated the universal applicability and benefit 
of the M36 methodology across these different system demographics.  For all utilities, Level 1 
validation is a vital step to ensure data reliability is understood and policy decisions are based on 
reliable data.  

 
B. M36 disaggregates loss into subcomponents.  A basic total water loss estimation does not 

provide insight into the nature of the loss.  As loss can occur in six different forms, each with a 
unique cost impact and strategy to address, a total water loss number does not indicate where 
the greatest amounts of loss are occurring and which tools should be applied.  A common pitfall 
from this approach is the incorrect perception that all loss is occurring as a single type (i.e. 
unreported leakage).  Subsequent pursuit of the wrong loss component yields ineffective results 
and wasted resources.    

 
C. M36 utilizes metrics of volume and value.  The M36 methodology includes a suite of 

recommended metrics that indicate validity, volume and value (3-Vs) of water loss components.  
Once validity is determined to be actionable, the volumes and values (costs) of water loss 
components provide the utility with clear prioritization and focus areas to be cost-effective for 
loss reduction.  Furthermore, the M36 methodology utilizes a target-setting approach that is 
tailored to a system’s physical and cost characteristics, which effectively drives loss to optimal 
levels for all utilities.   

 
Some actions in support of this short-term recommendation are as follows: 

1) Sharing and promotion of utility case studies from the initial Pilot Program to other utilities 
in Arizona;  

2) Informational webcasts to continue high level promotion and awareness; 
3) Organizing a workshop in conjunction with association conferences and/or organizations (AZ 

Water Association, Rural Community Assistance Corp (RCAC), Rural Water Association of 
Arizona (RWAA), etc) to continue high level promotion and awareness; 

4) Conducting a 2nd Phase of the Program to expand concept demonstration to different regions 
or demographics and continue building utility buy-in; 

5) Formation of a Water Loss Collaborative with stakeholder representation from regulatory 
agencies, utility associations, and industry to provide strategic input to short- and long-term 
water loss initiatives in Arizona.  This action may be directly integrated into the Water Reform 
Working Group (WRWG) as identified in the 2017 ACC memo.    
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Long-Term Recommendation 
Provide training and technical assistance in support of M36 methodology adoption for all utilities. The 
Program and subsequent participant feedback demonstrated that with a modest amount of training and 
technical assistance, utility staff from all system demographics can gain an adequate working knowledge 
for adoption of the M36 methodology.  This axiom has been reinforced many times over from similar 
training programs in other states, most recently in California5.  The benefits observed from other 
statewide programs have proven to reach both the participating utilities and the State, and are 
summarized as follows:  

• Establishment of a baseline for reporting of data reliability across the state regarding withdrawal 
volumes and consumption volumes, which serve as the foundation for long-term demand 
projections and capital needs for future supply; 

• Building technical, financial and managerial capacity for all utilities under the State’s capacity-
development purview; 

• Providing the State with validated water audit data to identify where the greatest needs truly exist 
to better direct limited state resources;  

• Reducing water loss supports the State’s strategic conservation objectives.  
• Enhancing the utilities’ understanding of their systems losses, including any uncertainties that 

need to be addressed in the short-term before major investment in reducing losses, new 
infrastructure, or expansion of supply; 

• Provides each utility with insight into where efficiency gains can be accomplished, which 
improves the operational bottom line, supports optimized rate setting, and strengthens 
customer trust in the context of water conservation.  
 

There are approximately 750 water systems that report to ADWR, and these represent public and private 
utilities, inside and outside of AMAs, and large and small.  For the purpose of providing support to these 
utilities, it is recommended to consider two different approaches based on system size. Below are the 
spatial and size distribution for the utilities serving greater than or equal to 3,300 population.       
 
To maximize the impact of state resources on aggregate water withdrawals, as well as the number of 
ratepayers benefiting from utility adoption of the M36 methodology, it is recommended that a statewide 
Technical Assistance Program (M36 Water Loss TAP) be implemented for targeting utilities above the 
3,300-population threshold. The total number of water systems in Arizona is approximately 750, with the 
vast majority of these being very small systems. The count of utilities above a service population of 3,300 
is 130, which constitutes approximately 92% of the service population in Arizona. 
 

                                                           
5 http://ca-nv-awwa.org/canv/downloads/2018/WLTapFinalReport.pdf  

http://ca-nv-awwa.org/canv/downloads/2018/WLTapFinalReport.pdf
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More than 600 small systems with service population less than 3,300 
represent only 8% of the service population in Arizona, and wide-
scale training and technical assistance is not likely going to be cost-
effective for the State’s resources.  These systems are much greater 
in number and much more spread out.  It is recommended for the 
Rural Community Assistance Corporation (RCAC), the Rural Water 
Association of Arizona (RWAA) and any other technical assistance 
providers for small systems be invited to participate in the M36 
Water Loss TAP.  This will provide essential training to those groups 
who can then extend the technical assistance to small systems 
through their ongoing interactions.     
 

Some actions in support of this long-term recommendation are as follows: 
1) Develop and implement M36 Water Loss TAP targeting 130 systems above the 3,300-population 

threshold; 
2) Include small system technical assistance providers to be trained in the M36 Water Loss TAP.  

 
 

 

 

 

 

Spread of Arizona Water Systems 
Serving Less than 3,300 Population 

Map & Data for Arizona Water Systems Serving ≥3,300 Population 
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Program Background 
Water supply challenges and the need for continued conservation planning are driven by declining water 
supplies and aging utility infrastructure. In the United States, water loss is a widespread challenge from which no region 
is immune. 6 Identifying the total volume of water lost in Arizona is a challenge because there are no requirements to 
report this volume outside of the Active Management Areas (AMAs). Water loss control remains an important and cost-
effective part of water resource management for water utilities. The agencies that partnered in this pilot effort are 
interested in promoting best-practices for water loss control in Arizona. A validated annual water audit is the necessary 
first step in helping water utilities determine the magnitude of water loss and the cost to reduce it. 

The AWWA M36 Manual for Water audits and Loss Control Programs details the industry best-practice for water loss 
management (M36 methodology). The M36 methodology targets reduction of loss to economically optimal levels, creating 
both a water resource and financial benefit for utilities (Figure 1).  Based on demonstrated success of water loss control 
programs in other states using the M36 methodology, the Water Infrastructure Finance Authority (WIFA) and the Arizona 
Department of Water Resources (ADWR) determined in 2017 to develop an Arizona M36 Water Loss Pilot Program 
(Program).  Cavanaugh was selected through the State’s procurement process and the Program began in Summer of 2017.   

 

Figure 1:  Illustration of Cost and Water Recovery Potential from AWWA M36 Program 

Key stakeholders involved in the Program include WIFA and ADWR.  WIFA manages the Drinking Water State Revolving 
Fund, which provides funding for water infrastructure projects, as well as technical assistance to drinking water systems 
in Arizona. The Director of ADWR has general control and supervision of groundwater as prescribed by Title 45 and the 
appropriation and distribution of surface water.  ADWR’s primary objective in participating in the Program was to 
introduce the M36 methodology for an initial group of participants to provide opportunity for water systems to voluntarily 
participate in water loss reduction. WIFA’s primary objective was to evaluate the broader applicability for the M36 
methodology across the state, and inform policy makers of broad scale needs for statewide technical assistance. 

                                                           
6 Ress, Erin and J. Alan Roberson. 2016. The Financial and Policy Implications of Water Loss, Journal AWWA, 108(2), E77-E86, doi: 
http://dx.doi.org/10.5942/jawwa.2016.108.0026 
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The Arizona Corporation Commission (ACC), who regulates investor-owned water utilities, provided non-financial support 
for the Program.  The ACC recently issued a memo outlining its strategic objectives for conservation and water loss 
management7, which included supporting the Program and promoting the M36 methodology.     

Current Water Loss Estimation Methods in Arizona 
Water losses are calculated, estimated, reported and regulated differently throughout Arizona.  These distinctions are 
important when evaluating Program findings and making recommendations for future water loss estimations in Arizona.  
ADWR and ACC are two distinct stakeholders when it comes to identifying water losses in the state, and their current 
water loss estimation methods differ.  The manner in which water losses are reported and/or estimated by the ADWR and 
ACC are summarized below. 

Arizona Department of Water Resources (ADWR) 
The 1980 Arizona Groundwater Code recognized the need to aggressively 
manage the state’s finite groundwater resources to support the growing 
economy. Areas with heavy reliance on mined groundwater were identified and 
designated as Active Management Areas (AMAs). The five AMAs (Prescott, 
Phoenix, Pinal, Tucson, and Santa Cruz) are subject to regulation pursuant to the 
Groundwater Code (Figure 2). Each AMA carries out its programs in a manner 
consistent with these goals, while considering and incorporating the unique 
character of each AMA and its water users.8  These AMAs have different primary 
management goals.  With respect to water loss estimates, water loss reporting is 
handled differently depending on whether a water system is located inside or 
outside the AMAs. 

Inside Active Management Areas 
‘Lost and unaccounted for’ (L&U) water is defined as the total water from any 
source, withdrawn, diverted or received in a year that enters a municipal provider’s groundwater distribution system, 
minus the total amount of authorized deliveries from the groundwater distribution system made by the municipal provider 
in that year. L&U water includes line leakage, meter under-registration, evaporation or leakage from storage ponds or 
tanks, system and hydrant leaks or breaks and illegal connections (Figure 3).  Small municipal providers (250 acre-feet or 
less of water) must maintain L&U water at or below 15 %. Large municipal providers (over 250 acre-feet) are required to 
maintain their system so as to not exceed 10 % L&U water. A provider is in compliance with its municipal distribution 
system requirements if it limits its L&U water to the maximum percentage on an annual or three-year average basis. 

For the Fourth Management Plan (2010 – 2020), providers may exclude water that is metered or estimated using approved 
estimating procedures and used pursuant to other regulatory requirements, such as well purging and line flushing, from 
the L&U water calculation. Providers may also exclude estimated water uses such as construction (truck loads for dust 
control) or fire services, but all other uses of water within a distribution system must be metered.  

                                                           
7 http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-
09%20September%20Open%20Meeting%20News%20Briefs.asp  
8 Arizona Department of Water Resources, Active Management Areas (AMAs). 
http://www.azwater.gov/AzDWR/WaterManagement/AMAs/default.htm 

Figure 2: Active Management Areas 

http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
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Figure 3: Components of Lost and Unaccounted for Water (Inside the AMAs).    

Outside Active Management Areas 
All Program pilot utilities are outside the AMAs.  Currently in Arizona, there is no requirement to calculate and/or report 
water loss estimates outside the AMAs.  However, those water systems outside the AMAs do provide basic reporting of 
withdrawal volumes and delivery volumes.  Using this basic information, a simple calculation can be done to estimate 
water loss for the pilot utilities as shown below.  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑇𝑇ℎ𝑑𝑑𝑑𝑑𝑇𝑇𝑑𝑑𝑑𝑑 (𝑇𝑇𝑑𝑑 𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷𝑑𝑑𝑇𝑇𝐷𝐷𝑑𝑑) − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑇𝑇𝑊𝑊𝐷𝐷𝐷𝐷𝑑𝑑𝐷𝐷𝑑𝑑 = 𝑊𝑊𝑇𝑇𝑇𝑇𝐷𝐷𝑑𝑑 𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿 𝐸𝐸𝐿𝐿𝑇𝑇𝑊𝑊𝐸𝐸𝑇𝑇𝑇𝑇𝐷𝐷 

𝑊𝑊𝑇𝑇𝑇𝑇𝐷𝐷𝑑𝑑 𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿 𝐸𝐸𝐿𝐿𝑇𝑇𝑊𝑊𝐸𝐸𝑇𝑇𝑇𝑇𝐷𝐷 % =
𝑊𝑊𝑇𝑇𝑇𝑇𝐷𝐷𝑑𝑑 𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿 𝐸𝐸𝐿𝐿𝑇𝑇𝑊𝑊𝐸𝐸𝑇𝑇𝑇𝑇𝐷𝐷

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑇𝑇ℎ𝑑𝑑𝑑𝑑𝑇𝑇𝑑𝑑𝑑𝑑 (𝑇𝑇𝑑𝑑 𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷𝑑𝑑𝑇𝑇𝐷𝐷𝑑𝑑) × 100 

For the purpose of this Program, water loss estimates were derived for the participating utilities using the basic 
information they reported to ADWR for calendar year 2016.   

Arizona Corporation Commission 
The ACC has jurisdiction over the quality of service and rates charged by public service utilities.  The ACC maintains 
regulatory authority over private water companies and private sewer companies throughout Arizona. There are presently 
more than 400 individual water systems operated by nearly 350 companies under the ACC jurisdiction. ACC regulates 
approximately 21 sewer companies and 20 combination water and sewer providers. Multiple systems can be operated by 
the same utility company.9 

Different than the geographical jurisdiction through AMAs, the ACC regulates any utility that is private, regardless of 
location.  All ACC regulated utilities are required to submit an annual report to the ACC. A section of the annual report 
titled, “Water Use Data Sheet,” includes monthly totals for number of customers, gallons sold, gallons pumped, gallons 
purchased and estimated gallons authorized use.  Additional fields in the report are used to describe the unmetered water 
usage.  While this annual report does not include calculations or estimates of water loss, the ACC staff has done a 

                                                           
9 Arizona Corporation Commission. http://www.azcc.gov/Divisions/Utilities/default.asp 
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rudimentary calculation of gallons pumped versus sold to come up with a percentage of water losses.  These calculations 
have been used in the development of a staff report in the context of a rate/financing or other types of cases.  Recently, 
the ACC has moved the focus away from reporting water loss as a percentage and has begun evaluating other metrics to 
assess water losses of regulated utilities.   

Summary of Current Water Loss Estimation Methods 
There are some commonalities among the different water loss estimation methods in Arizona.  Historically, each method 
involves estimating water losses as a percentage.  The method of estimating water losses inside the AMAs is the most 
rigorous and has some similar components as the AWWA Water Audit.  However, none of the current methods 
disaggregate volumes and values of water loss subcomponents, or include an assessment of audit validity.  For the 
purposes of comparison with the M36 methodology, all current water loss estimation methods in Arizona are 
referenced as ‘basic water loss estimation’ subsequently in this report.   

 

Program Overview 
Design   
The Program was developed to provide pilot utilities with a foundational understanding of the M36 methodology, how it 
is applied, and how water audit data may be used to assess and improve water loss performance at the utility level. Utilities 
were trained on the M36 Methodology, the AWWA Water Audit and developing next steps in their water loss control 
program. The training and technical assistance was focused on the Level 1 validation process, which is the foundation for 
utilities to roll out improved data management practices and water loss control activities based on their specific water 
audit results. 

A total of six pilot utilities were included in the Program.  Utility selection was made collaboratively with WIFA and ADWR. 
The selection of pilot utilities was important for the success of the Program, but also for their impact on follow on activities 
for water loss management in Arizona. The following selection criteria were used: 

• Exemplary utilities who will commit to employing the M36 best-practices and champion it to their peers in the 
industry, including agreement for their case study to be shared as part of the Program outcomes.  

• The pilot utilities reflected a variety of system sizes and ownerships.  
• Prior experience with the M36 methodology was neither a pre-requisite nor a deterrent for pilot utility 

participation in this program.  

Arizona is unique in that it has differences in the regulatory requirements for water providers based on location either 
inside or outside of AMAs. For this Program, the selection process specifically targeted utilities outside of the AMAs. As a 
water conservation effort, ADWR was directed by the Governor’s Water Augmentation Council to focus on water loss 
reduction efforts outside of AMAs.    The scope for the Program is outlined below.  
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Program Layout: 

 

 

 

 

 

 

 

Throughout the Program, clear and frequent communication was provided to all stakeholders and participating utilities 
for upcoming events or deadlines, and post-event follow-ups.  A Program website was developed in support of this.  The 
website, www.arizonawaterloss.org, served as a hub of information for the pilot utilities, offering Program Information, 
Resources, Schedule, an Upload Portal, and a Water Loss Forum to engage with utilities and facilitate community learning.  

 

 
 

 

 

 

 
Preparatory Steps 
Learning opportunities were provided to the participating agencies and utilities to provide a knowledge base of water 
auditing prior to the scheduled workshops. 

Agency training.  This event was held August 17, 2017 via webcast.  It was conducted by Cavanaugh and attended by 
representatives from WIFA, ADWR, ACC, Arizona Department of Environmental Quality (ADEQ), and the Arizona Municipal 

• Pilot Program utility selection with ADWR & WIFA 
• Conduct state agency training 
• Conduct kickoff webinar with Pilot Program utilities to launch program 
• Data request delivery to pilot utilities 
• Utility data gathering period  
• Consultant compilation/analysis of utility data for technical work session preparation  
• Conduct on-site technical work session 
• Post work-session actions by utilities & consultant review  
• Conduct a post-session survey about utilities’ experience with the Pilot Program 
• Recommendations & report development & delivery 
 

         
    
           
       
      
            
      
          
            
       

Figure 5: Program Website 

Figure 4: Program Timeline 2017-2018 

http://www.arizonawaterloss.org/
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Water Users Association (AMWUA).  It included the Program genesis and big picture goals, foundations, pilot project 
overview, and a question and answer session.  See Appendix A for more details. 

Kickoff meeting with pilot utilities to launch program.   This event was held on August 22, 2017, in Prescott, AZ.  It was 
jointly led by ADWR and Cavanaugh and oriented partners and utilities to the program input and outputs and 
demonstrated examples from other states that have conducted similar pilot programs.  The meeting also covered AWWA 
Water Balance terms and concepts, data needed for Water auditing and the next steps to gather utility data, who and 
what to bring to the technical work session, and data request delivery to pilot utilities. See Appendix B for more details. 

AWWA Free Water Audit Software Training Webcast.  This event was held October 23, 2017 via webcast.  It was attended 
by WIFA, ADWR, and participating pilot utilities.  The webcast covered a thorough tutorial of the AWWA Free Water Audit 
Software including the inputs, Data Grading Matrix, supporting documentation, and performance indicators.  See 
Appendix C for more details. 

Execution 
A key goal of the Program was to teach the Water auditing foundations 
to encourage adopting the water audit as an annual practice and to 
perform a Level 1 validation. 

The Program execution began with the transaction of data between the 
Cavanaugh team and the participating utilities via the Water Audit Data 
Request form (Appendix D) which outlined the necessary supporting 
documentation needed to conduct a Level 1 validation.  The data was 
requested at the kick-off meeting on August 22, 2017 and required 
utilities to submit their data for Calendar Year 2016 to the Cavanaugh 
team by November 17, 2017.  An important item requested was the 
completion of the AWWA Water Audit by each utility.  Completion of the self-
reported (i.e. pre-validated version) water audit prior to the technical 
workshop is an important component of the learning process.  Allowing each utility to develop their own water audit 
before participating in the validation process provides reinforcement of concepts and provides a baseline to demonstrate 
the impact of the validation process. 

After the data request was fulfilled, the Cavanaugh team prepared a preliminary analysis of the utility information to 
discuss during the workshop.  If any additional information was needed, appropriate coordination was made directly with 
the utility team in advance of the workshop.   

The in-person technical workshop was held over two days, January 24, 2018 and January 25, 2018, at the Prescott Public 
Library located at 215 E Goodwin Street, Prescott, AZ 86303, from 9:15 am to 3:30 pm.  Prior to the workshop, all 
participating utility staff were provided handouts of the curriculum materials. 

The technical workshop objectives were to:  

1. Provide key fundamentals of the M36 methodology; 
2. Reinforce learning through a common exercise; and 
3. Apply knowledge using utility specific data. 

  

Figure 6: Arizona Water Loss Pilot Program - 
Technical Workshops in Prescott, AZ 
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An agenda of the two-day workshop is provided below.   
 
Workshop Day 1 

• Presentation:  M36 Water Auditing – Foundations:  Concepts, Terms & Metrics, AWWA Free Water Audit 
Software 

• Presentation:  Developing the Inputs 
• Common Exercise:  Populating the top-down audit inputs with the AWWA Free Water Audit Software  
• Breakout Exercise:  Populating the top-down audit inputs with the AWWA Free Water Audit Software (utility 

data) 
• Presentation:  Validity Scoring & the Data Grading Matrix   
• Common Exercise:  Developing the Grades  
• Breakout Exercise:  Developing the Grades (utility data) 

 
Workshop Day 2 

• Presentation:  Review of Day 1 content 
• Breakout Exercise:  Carryover of Day 1 exercises as needed  
• Presentation:  Supply Meter Verification Methods 
• Presentation:  Customer Meter Testing Overview 
• Breakout Exercise:  Assessing next steps for Data Validity (your data) 
• Review and Wrap-up 

For more details on the Agenda and/or Common Exercise, see Appendix F-a. 

During the workshop breakout exercises, the Cavanaugh team worked directly with each utility team to conduct a 
validation interview using their system specific data.  There is great value in this one-on-one dialogue to discuss the 
intricacies of the water system profile.  This interaction allows better understanding of how the utility characteristics may 
apply to the boundaries of the water balance, the water audit inputs and individual data validity grades.    

The flow of the validation interview followed the water audit sequence of data inputs, and each small group had its own 
shared screen to display the water audit and 
supporting documents as necessary for the 
discussion.  Interview questions were 
structured around the Data Grading Matrix 
which pertain to instrument maintenance 
practices, data management practices, and 
other quality control practices around the 
generation and handling of source data for 
the water audit.  Through this validation 
process, water audit input derivations were 
confirmed to comply with the M36 
methodology and water audit data grade 
selections were confirmed to comply with 
consistent interpretation of the Data Grading 
Matrix.  A validation document was produced to capture the interview content and basis of data grade selections for each 
utility.   

Figure 7: Example of the Level 1 Validation Review Notes provided back to Pilot Utilities 
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The validation process described above followed a methodology established in Water Research Foundation Project 493910 
(2016), which is termed Level 1 validation.  The Level 1 validation process identifies areas of uncertainty and verifies that 
the M36 methodology is applied, through a combination of summary level document review and an extended interview 
with the team who prepared the audit. 

If any additional data was identified during the workshop as necessary to validate the water audit, the Cavanaugh team 
followed up directly with the utilities to receive that information as soon as possible.  After all information was received 
and the standard of care to perform a Level 1 validation was conducted by the Cavanaugh team, two items were provided 
back to the participating pilot utilities.   

1. Level 1 Validated Water audit (XLS) 
2. Level 1 Validation Review Notes (PDF)  

These items are for the utility to keep as reference when implementing recommendations and follow on activities in 
addressing water losses and annual water auditing. 

Utility Findings 
Through the validation process, inclusive of preparatory supporting document review, during-workshop interview with 
utility team, and post-workshop finalization of validation documents, a set of recommendations for improvement was 
developed for each utility.  Common themes of these recommendations for all six utilities included increased rigor for 
verification of supply metering, enhancement of customer meter testing practices, and the recommendation to proceed 
with preparing their next water audit in the near term to reinforce concepts learned in this Program.  Development of 
these recommendations is reflected in the overarching goal of the M36 methodology, further illustrated in Figure 8.  The 
natural progression of a M36 methodology is explained in a four-step series.  The pilot utilities participated in the first 

step, creating the Annual Water 
Balance.  This step includes learning 
the basic concepts of the water audit 
and creating a water balance, 
disaggregating water losses into both 
Apparent Losses and Real Losses, and 
performing a Level 1 validation.  
During the workshop, the project 
team worked closely with the pilot 
utilities completing the inputs and 
assigning appropriate data grades, 
reinforcing the basic concepts from 
the workshop held the day prior with 
utility-specific data.  A summary of 
the pilot utilities is provided below in 

Table 1.  As previously stated in the Current Water Loss Estimates section, there is currently no requirement to calculate 
and/or report lost water outside the AMAs.   

                                                           
10 Water Research Foundation Project 4639 Level 1 Water Audit Validation Guidance Manual, available here: 
http://www.waterrf.org/Pages/Projects.aspx?PID=4639 

Figure 8: The M36 Methodology 
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Table 1: Summary of Pilot Utilities 

 

Table 2 represents the current estimation method of water losses for the pilot utilities. 

Table 2: Current Water Loss Estimation 
 

Total 
Withdrawn/ 
Diverted (MG) 

Total Delivered 
(MG) 

Water Loss (MG) Water Loss as % by 
Volume Supplied 

AZ WATER CO - PINEWOOD 106.2 110.5 -4.4 -4.1 
CLARKDALE PUBLIC WATER SYSTEM 198.2 119.0 79.2 40.0 

FLAGSTAFF, CITY OF 2599.8 2429.9 169.9 6.5 
GLOBAL WATER - EAGLETAIL 6.5 3.7 2.8 42.9 

KINGMAN MUNICIPAL WATER 2545.2 2065.2 480.0 18.9 
PINE-STRAWBERRY WATER 

IMPROVEMENT DISTRICT 
105.6 0.0 105.6 100.0 

The Program introduced the AWWA Water Audit and various inputs and outputs provided with the tool.  Table 3 
presents some of the inputs and performance indicators for the pilot utilities from the AWWA Water Audit. 

Table 3: AWWA Water Audit – Water Losses 
 

Water 
Supplied (MG) 

Authorized 
Consumption (MG) 

Water Losses 
(MG) 

Water Loss as % by 
Volume Supplied 

AZ WATER CO - PINEWOOD 106.2 81.8 24.4 22.9 

CLARKDALE PUBLIC WATER SYSTEM 196.7 121.6 75.1 38.2 

FLAGSTAFF, CITY OF 2599.9 2462.3 137.5 5.3 

GLOBAL WATER - EAGLETAIL 6.6 3.8 2.7 41.6 

KINGMAN MUNICIPAL WATER 2545.3 2238.7 306.6 12.1 

PINE-STRAWBERRY WATER 
IMPROVEMENT DISTRICT 

104.7 77.3 27.4 26.1 

 

 AZ Water -  
Pinewood 

Clarkdale Flagstaff Global Water 
– Eagletail 

Kingman Pine-
Strawberry 

Supply Profile Own 
Sources 
Only 

Own 
Sources 
Only 

Own 
Sources 
Only 

Own Sources 
Only 

Own 
Sources 
Only 

Own Sources 
and Active 
Export 
Connections 

Number of 
Connections 

2,929 1,867 21,500 56 20,286 3,200 

Data Validity 
Score 

63 60 52 33 63 42 

Leakage 
(gal/conn/day) 

20.25 107.32 9.61 252.93* 33.81 22.40 

Infrastructure 
Leakage Index 

1.45 5.83 0.29 Not 
Calculated** 

1.53 1.41 
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The AWWA Water Balance (Figure 9) accounts for all components in the water audit and demonstrates a mass balance of 
equal volumes of water entering and exiting the distribution system.  The main components of the AWWA Water Balance 
are: 

• Water Supplied: Volume from Own Sources, Water Imported, Water Exported 
• Authorized Consumption: Billed metered, Billed unmetered, Unbilled metered, and Unbilled unmetered 
• Water Losses: Apparent Losses and Real Losses 

 
 
A strength of the M36 methodology is in the disaggregation of these components and their subcomponents.  Through this 
approach, all water entering the distribution system is quantified, either by metering, estimation or inference.  A 
comparison of the current water loss estimations and those conducted through a Level 1 validation with the water audit 
are provided below in Table 4.  Table 4 shows standard metrics from the AWWA Water Audit including Real Losses and 
Apparent Losses in gallons per connection per day, and the Infrastructure Leak Index (ILI).  The ILI is the ratio of current 
leakage to the technical minimum leakage level for a given system’s physical characteristics.  If leakage levels were at the 
technical minimum for a given system, the ILI would then equal a value of “1”. However, such low leakage levels are rarely 
possible or economically justified for most water utilities. An ILI value less than “1” is typically indicative of embedded 
data inaccuracies in the water audit. The ILI can be an effective performance indicator for comparing (benchmarking) the 
performance of utilities in operational management of real losses, once all justifiable pressure management measures 
have been undertaken.  ILI applicability is limited when it comes to very small and wholesale systems. 
 
Further discussion regarding the AWWA Water Audit output metrics for each pilot utility is included in the Utility Profiles 
section.   
 

  

Figure 9: AWWA Water Balance 
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Table 4: Current Water Loss Estimation Methodology versus AWWA M36 Methodology for 2016 Reporting Period 
 

Current 
Methodology AWWA M36 Methodology 

 Water Loss as % by 
Volume Supplied 

Water Loss as % by 
Volume Supplied 

Real Losses 
(gal/conn/day) 

Apparent Losses 
(gal/conn/day) 

Infrastructure 
Leakage Index 

(ILI) 
AZ WATER CO - 

PINEWOOD -4.1 22.9 20.25 2.53 1.45 

CLARKDALE PUBLIC 
WATER SYSTEM 40.0 38.2 107.32 2.96 5.83 

FLAGSTAFF, CITY OF 6.5 5.3 9.61 7.92 0.29 
GLOBAL WATER - 

EAGLETAIL 42.9 41.6 * 7.90 ** 

KINGMAN MUNICIPAL 
WATER 18.9 12.1 33.81 7.60 1.53 

PINE-STRAWBERRY 
WATER IMPROVEMENT 

DISTRICT 
100.0 26.1 22.40 1.04 1.22 

 
*Systems with a low service connection density of less than 32 service connections/mile of pipeline are calculated in terms of Real Losses per length 
of main per day.  This performance indicator for Global Water – Eagletail is 252.93 gal/mile-main/day. 
 
** The Infrastructure Leakage Index (ILI) is the ratio of the Current Annual Real Losses to the Unavoidable Annual Real Losses (UARL).  The UARL has 
not been proven for very small systems, so this metric does not calculate for the Eagletail system.  Real Loss expressed as gal/mile-main/day is the 
recommended performance metric to gauge leakage for the Eagletail system.   
 
 
Tracking water loss is important for its quantification and management.  The challenge with the basic water loss estimate 
method is how to interpret the information and make informed decisions.  Percentage of water loss estimates provides 
no expression of the volumes, costs or components of loss.  For some pilot utilities, the volume of water loss determined 
between current estimations and use of the AWWA Water Audit did not change significantly, however the ability to 
identify water losses in terms of volume and value is greatly beneficial since different types of losses are valued differently.    
There are some clear advantages when applying the M36 methodology.  Most notable, the disaggregated components of 
water losses through the water audit help identify where losses are occurring and what intervention strategies to consider.  
Negative or erroneous water loss estimated percentages also indicate the importance of validation.  Validation of the 
input data is a critical piece to understanding water losses and enacting cost-effective interventions. 

The reliability of the data used to populate the water audit helps to assess how trustworthy the results are and potential 
next steps.  The overall measurement of data reliability when it comes to the water audit is the Data Validity Score (DVS), 
defined in the AWWA M36 4th Edition as: 

A measure of the overall trustworthiness of data entered in the AWWA Free Water Audit Software (Audit 
Software). This score can be assessed by the Water Loss Control Planning Guide worksheet in the Audit Software, 
which provides five groupings based on ranges of scores from low validity (questionable data integrity) to high 
validity (reliable data integrity). The DVS is a composite value calculated from Data Grading values (ratings from 
1 to 10) of data integrity entered by the water auditor for each input component. The Audit Software gives detailed 
guidance in the Grading Matrix worksheet on the criteria to use in selecting the appropriate data grading for each 
input of the Water audit. The DVS represents the validity of the water audit data and is a reflection of the level of 
best practices employed by the water utility. 
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Although the DVS is based on a scale of 100, it is not intended to convey a passing or failing grade.  Instead, the DVS 
provides context for where a utility’s next steps should be focused.  It is important to note that the data grades must be 
selected with candor to reflect the practices in place during the audit year.  Appropriate data grade selection is one of the 
primary objectives of the Level 1 validation.   

A summary of DVS score bands is presented below. 

Data Validity Score Band Next Steps Focus 
Band I (0-25) Next steps should be focused exclusively on improving data reliability 

Band II (26-50) Next steps should be exclusively focused on improving data reliability 

Band III (51-70) Next steps may be focused simultaneously on improving data reliability and evaluating 
cost-effective interventions for water & revenue loss recovery 

Band IV (71-90) Next steps may be focused primarily on evaluating cost-effective interventions for water & 
revenue loss recovery, while maintaining data collection & validation processes with data 
improvements as warranted 

Band V (91-100) Next steps may be focused exclusively on evaluating cost-effective interventions for water 
& revenue loss recovery, while maintaining robust data collection & validation processes 

 

Participating utilities were asked to provide a self-reported (pre-validation) water audit with supporting documentation 
prior to the technical workshop.  A Level 1 validated (post-validation) water audit is one of the outcomes of the technical 
workshop discussed earlier in Program Execution.  Using the AWWA Water Audit Compiler, a comparison can be made 
looking at the pre-validation and post-validation water audits for several performance indicators.  
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Figure 10: AWWA M36 Metrics – Pre- and Post-Validation 
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Observations from pre-validated to post-validated water audits: 

• All six utilities saw changes to at least one metric, including Data Validity Score (DVS), as a result of the validation 
process. 

• Data Validity: A decrease in DVS from self-reported to validated 
water audits.  The DVS is weighted based on the individual data 
grades assigned to each input in the water audit.  This shows 
that pilot utilities interpreted the management practices 
differently, and in general, have seen how better management 
practices translate to more reliable data. 

• Water Loss (by Volume): Water Loss is the difference between 
Water Supplied and Authorized Consumption.  Differences 
between pre- and post-validation can be attributed to a better 
understanding and alignment of this data to audit input 
derivations. 

• Non-Revenue Water (by Volume): Non-Revenue Water (NRW) is the sum of calculated Water Losses and Unbilled 
Authorized Consumption.  Some systems, by simply disaggregating their consumption volumes into the 
Authorized Consumption components find that policies and/or meter management are subject to improved 
scrutiny and reliability.   

• Non-Revenue Water (by Cost): Understanding the difference in value of water for Apparent Losses and Real Losses 
is important for cost-effective intervention.  In the ‘Non-Revenue Water (by Cost)’ graph (Figure 10), Clarkdale 
self-reported an incorrect value associated with their Real Losses.  Left undetected, this misunderstanding could 
lead to drastically different intervention strategies. 

Utility Profiles 
The results are assessed in terms of volume, value and validity, or the 3-Vs as indicated below in Figure 11.  Assessing NRW 
in terms of volume and value provides insight for action.  Looking at NRW in terms of volume reveals where the greatest 
amount of loss occurs, and value shows the greatest cost of those losses.  The cost of NRW is unique for each component, 
and at each utility.  This allows for utilities to make informed and cost-effective decisions when evaluating water loss 
intervention strategies.  The validity is an indication of 
data reliability.  Each input in the water audit assess the 
reliability based on the practices and policies for the 
utility and an overall DVS is calculated to help facilitate 
the next steps in water loss control planning.  Just as 
volume and value of non-revenue water can help inform 
cost-effective decisions, data validity can also help assess 
whether the next steps should be focused on improving 
the reliability of the data alone or concurrently with 
appropriate loss interventions.

For some pilot utilities, the volume of total 
water loss determined between pre- and post- 
did not change significantly.  However, insight 
was gained on validity and costs of water loss 
subcomponents, which is vital for cost-effective 
intervention decisions.   

Validity

Value

Volume

Figure 11: The 3-Vs for Measuring 
Water Loss Performance 
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Arizona Water Company – Pinewood - Profile 
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Arizona Water Company – Pinewood – Recommendations 
 

Key Audit Metrics    
VALIDITY Data Validity Score: 63  Data Validity Band (Level): Band III (51-70)  

VOLUME ILI: 1.45      Real Loss: 20.25  (gal/conn/day) Apparent Loss: 2.53 (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $17,224  Annual Cost of Apparent Losses: $9,778 
  

Comments on Audit Metrics & Validity Improvements 
The Infrastructure Leakage Index (ILI) of 1.45 describes a system that experiences leakage at 1.45 times 
the modeled technical minimum for its system characteristics.  The Data Validity Score falling within Band 
III (51-70) suggests that next steps may be focused simultaneously on improving data reliability and 
evaluating cost-effective interventions for water & revenue loss recovery.  Opportunities to improve the 
reliability of audit inputs and outputs include: 

• Improved understanding of Supply Meter (Own or Import) Master Meter Error: consider adopting 
or increasing the rigor of a source meter volumetric testing and calibration program, informed by 
the guidance provided in AWWA Manual M36 – Appendix A.   

o 1-time site test to identify/confirm any in-situ hydraulic conditions at each of 3 well sites 
and booster locations  

o Evaluate merits of moving to annual frequency for supply meter bench testing  

• Improved estimation of Customer Metering Inaccuracies (CMI): consider a customer meter testing 
program which tests a sample of random meters whose stratification (by size, age, or other 
characteristics) represents the entire customer meter stock. 

o Re-run CMI number based on Pinewood specific results 

• Work with rates department to confirm basis for 2016 audit calculations.  Identify next steps for 
evaluating “indirect” or “secondary” variable costs related to water production.   

• Work with engineering department to determine best approach to get weighted average across 
4 zones – using connections per zone as basis for weighting.  
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Clarkdale – Profile 
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Clarkdale – Recommendations 
 

Key Audit Metrics    
VALIDITY Data Validity Score: 60  Data Validity Band (Level): Band III (51-70)  

VOLUME ILI: 5.83   Real Loss: 107.32  (gal/conn/day) Apparent Loss: 2.96  (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $61,972  Annual Cost of Apparent Losses: $10,026 

Comments on Audit Metrics & Validity Improvements 
 

The Infrastructure Leakage Index (ILI) of 5.83 describes a system that experiences leakage at 5.83 times 
the modeled technical minimum for its system characteristics.  The Data Validity Score falling within 
Band III (51-70) suggests that next steps may be focused simultaneously on improving data reliability 
and evaluating cost-effective interventions for water & revenue loss recovery.  Opportunities to improve 
the reliability of audit inputs and outputs include: 

• Improved understanding of Supply Meter (Own or Import) Master Meter Error: consider 
adopting or increasing the rigor of a source meter volumetric testing and calibration program, 
informed by the guidance provided in AWWA Manual M36 – Appendix A.   

o Verify Supply meter testing process. 
Re-evaluate how net storage can be integrated in to the audit 

o  
• Improved estimation of Customer Metering Inaccuracies: consider a customer meter testing 

program which tests a sample of random meters whose stratification (by size, age, or other 
characteristics) represents the entire customer meter stock.  Explore customer meter testing 
option (e.g., feasibility of test bench) 

• Temporal alignment of Billed Metered Authorized Consumption with Water Supplied: consider 
pro-rating the first and last months of the audit period to better align consumption with actual 
dates of use and using read date as basis for reporting.  Adjust audit period to align with 
customer meter reading schedule (mid-month) 
 

• Improve Average Operating Pressure input calculation - hydraulic model 
 

• Recalculate Customer Retail Unit Cost 
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Flagstaff – Profile 
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Flagstaff – Recommendations 
Key Audit Metrics    
VALIDITY Data Validity Score: 52  Data Validity Band (Level): Band III (51-70)  

VOLUME ILI: 0.29  Real Loss: 9.61 (gal/conn/day) Apparent Loss: 7.92 (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $101,772 Annual Cost of Apparent Losses: $310,812  

Comments on Audit Metrics & Validity Improvements 
The Infrastructure Leakage Index (ILI) of 0.29 describes a system that experiences leakage at 0.29 times 
the modeled technical minimum for its system characteristics.   

While this system may experience low volumes of leakage, the ILI after level 1 validation indicates that 
advanced validation is warranted before conclusions can be made regarding the system's leakage. At least 
one of the following scenarios may contribute to this result:  

• Water Supplied (both Own Source and Imported Water) may be understated. This can occur if supply 
meters are under-registering more significantly than is currently reflected in the Master Meter Error 
& Supply Adjustment (MMSEA).  This can also occur if the supply volumes include uncorrected 
inaccuracies in the data archives due to data gaps or SCADA formula errors.   

• Authorized consumption may be overstated.  This can occur if sales volumes have not been pro-rated 
to align consumption with dates of actual use instead of the dates of meter reads. This can also occur 
if the Billed Metered Authorized Consumption input includes any non-potable volumes or 
duplication/exclusion of potable volumes.   

• The estimate of average operating pressure may be too high, thereby overestimating the technical 
minimum volume of leakage for the system. 

The Data Validity Score falling within Band III (51-70) suggests that next steps may be focused 
simultaneously on improving data reliability and evaluating cost-effective interventions for water & 
revenue loss recovery.  Opportunities to improve the reliability of audit inputs and outputs include: 

• Improved understanding of Supply Meter (Own or Import) Master Meter Error: consider adopting 
or increasing the rigor of a source meter volumetric testing and calibration program, informed by 
the guidance provided in AWWA Manual M36 – Appendix A.   

o Evaluate supply meter testing options/protocol 
 

• Improved estimation of Customer Metering Inaccuracies: consider a customer meter testing 
program which tests a sample of random meters whose stratification (by size, age, or other 
characteristics) represents the entire customer meter stock. 

o Evaluate small meter testing program 
 Meters that have been replaced 
 Random samples 

 

• Customized estimate of Unbilled Unmetered Authorized Consumption: consider producing 
itemized, agency-specific estimates of unbilled unmetered (operational) uses, rather than using 
the default. Ensure leakage estimates are excluded. 
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• Temporal alignment of Billed Metered Authorized Consumption with Water Supplied: consider 
pro-rating the first and last months of the audit period to better align consumption with actual 
dates of use, and using read date as basis for reporting. 

• Improve Average Operating Pressure input calculation 
o Hydraulic model 

 
• Recalculate Customer Retail Unit Cost 

o Require billing profile of water sold at each tier/class 
 

• Improvements in Work Order tracking method 
o Relates to flushing volumes 
o Meter test results 
o Break data 

 
• Commercial meter use/size review analysis 

 
• Point of Entry sketch/Audit boundary graphic 

o Water audit specific production volume tracking 
 

• Supply meter actions from analysis prepared by outside consultant 
 

• Service connection count due diligence – get to report/number that can replace estimate 
currently being used 
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Global Water – Eagletail – Profile 
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Global Water – Eagletail – Recommendations 
Key Audit Metrics    
VALIDITY Data Validity Score: 33  Data Validity Band (Level): Band II (26-50)  

VOLUME ILI: n/a Real Loss: 252.93 (gal/mile-main/day) Apparent Loss: 7.90 (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $1,419                         Annual Cost of Apparent Losses: $1,057 

 
The Infrastructure Leakage Index (ILI) is the ratio of the Current Annual Real Losses to the Unavoidable 
Annual Real Losses (UARL).  The UARL has not been proven for very small systems, so this metric does not 
calculate for the Eagletail system.  Real Loss expressed as gal/mile-main/day is the recommended 
performance metric to gauge leakage for the Eagletail system.   

Comments on Audit Metrics & Validity Improvements 
The Data Validity Score falling within Band II (26-50) indicates that next steps should be generally focused 
on improving data reliability.  Opportunities to improve the reliability of audit inputs and outputs include: 

• Improved understanding of Supply Meter (Own Sources) Master Meter Error: consider adopting 
or increasing the rigor of a source meter volumetric testing and calibration program, informed by 
the guidance provided in AWWA Manual M36 – Appendix A.   

o Volume from Own Sources – next steps  
 Assess well site to determine feasibility and best method for volumetric testing (e.g. insertion, 

clamp-on, volumetric displacement, comparative apparatus).   
 Establish annual testing program  
 Consider supply meter location.  Current placement shows before the storage tank and hydro 

tank prior to entering distribution system.  Reading flow after the hydro tank would give a 
better representation of volumes entering the distribution system. 

 
• Improved estimation of Customer Metering Inaccuracies: consider a customer meter testing 

program which tests a sample of random meters whose stratification (by size, age, or other 
characteristics) represents the entire customer meter stock. 

o Since meter stock is relatively homogenous (total change-out in 2017), stratification could 
be considered for just size, age and throughput. 

o AWWA M6 Manual provides more information on sampling and testing protocols.   
 

• Customized estimate of Unbilled Unmetered Authorized Consumption: consider producing 
itemized, agency-specific estimates of unbilled unmetered (operational) uses, rather than using 
the default. Ensure leakage estimates are excluded. 

o Inventory all unmetered uses, including all types of flushing. 
o Begin tracking unmetered usage events as they occur, with best estimation of volume 

used using estimated flowrates and estimated timestamps. Utilize these estimated 
volumes in place of the default in future audits.   

• Temporal alignment of Billed Metered Authorized Consumption with Water Supplied: consider 
pro-rating the first and last months of the audit period to better align consumption with actual 
dates of use, and using read date as basis for reporting. 
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Kingman – Profile 
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Kingman - Recommendations 
Key Audit Metrics    
VALIDITY Data Validity Score: 63  Data Validity Band (Level): Band III (51-70)  

VOLUME ILI: 1.53     Real Loss: 33.81 (gal/conn/day) Apparent Loss: 7.60 (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $142,576 Annual Cost of Apparent Losses: $221,621  

Comments on Audit Metrics & Validity Improvements 
The Infrastructure Leakage Index (ILI) of 1.53 describes a system that experiences leakage at 1.53 times 
the modeled technical minimum for its system characteristics.    

The Data Validity Score falling within Band III (51-70) suggests that next steps may be focused 
simultaneously on improving data reliability and evaluating cost-effective interventions for water & 
revenue loss recovery.  Opportunities to improve the reliability of audit inputs and outputs include: 

• Improved understanding of Supply Meter (Own or Import) Master Meter Error: consider adopting 
or increasing the rigor of a source meter volumetric testing and calibration program, informed by 
the guidance provided in AWWA Manual M36 – Appendix A.   

o Confirmation of actual flow testing and signal calibration practices and associated 
documentation  

o Examine how to get to or augment annual testing/calibration program based on this 
confirmation  
 

• Improved estimation of Customer Metering Inaccuracies: consider a customer meter testing 
program which tests a sample of random meters whose stratification (by size, age, or other 
characteristics) represents the entire customer meter stock. 

o Get AWWA M6 Water Meters–Selection, Installation, Testing and Maintenance 
o Identify customer meter testing study resources needed  
o For customer meter testing – identify the stratification buckets – size; age; throughput; 

type; manufacturer 
o Develop random sample 
o Conduct initial accuracy study  

 
• Customized estimate of Unbilled Unmetered Authorized Consumption: consider producing 

itemized, agency-specific estimates of unbilled unmetered (operational) uses, rather than using 
the default. Ensure leakage estimates are excluded. 

o Develop official inventory of UUAC types – identify the owners of each ‘type’ 
o Begin tracking and estimating these UUAC events
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Pine-Strawberry Water Improvement District – Profile 
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Pine-Strawberry Water Improvement District – Recommendations 
 
Key Audit Metrics    
VALIDITY Data Validity Score: 41  Data Validity Band (Level): Band II (26-50)  

VOLUME ILI: 1.22    Real Loss: 22.40  (gal/conn/day) Apparent Loss: 1.04  (gal/conn/day) 

VALUE  Annual Cost of Real Losses: $29,856 Annual Cost of Apparent Losses: $5,817 

Comments on Audit Metrics & Validity Improvements 
The Infrastructure Leakage Index (ILI) of 1.22 describes a system that experiences leakage at 1.22 times the modeled 
technical minimum for its system characteristics.  The Data Validity Score falling within Band II (26-50) indicates that next 
steps should be generally focused on improving data reliability.  Opportunities to improve the reliability of audit inputs 
and outputs include: 

• Improved understanding of Supply Meter (Own or Import) Master Meter Error: consider adopting or increasing 
the rigor of a source meter volumetric testing and calibration program, informed by the guidance provided in 
AWWA Manual M36 – Appendix A.   

o Volume from Own Sources – next steps  
 Assess all 26 well sites to determine feasibility and best method for volumetric testing (e.g. 

insertion, clamp-on, volumetric displacement, comparative apparatus) 
 Establish annual testing program 
 Establish a regular data review process for trends and anomalies. 

 
• Improved estimation of Customer Metering Inaccuracies: consider a customer meter testing program which tests 

a sample of random meters whose stratification (by size, age, or other characteristics) represents the entire 
customer meter stock. 

o AWWA M6 Manual provides more information on sampling and testing protocols.   

• Customized estimate of Unbilled Unmetered Authorized Consumption: consider producing itemized, agency-
specific estimates of unbilled unmetered (operational) uses, rather than using the default. Ensure leakage 
estimates are excluded. 

• Temporal alignment of Billed Metered Authorized Consumption with Water Supplied: consider pro-rating the first 
and last months of the audit period to better align consumption with actual dates of use, and using read date as 
basis for reporting. 
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Common Recommendations for All Program Participants  
 

• Conduct the 2017 water audit on your own 

o Gather 2017 calendar year water audit supporting data, following the same data request information from 
the pilot program.   

o Calculate the 2017 water audit inputs using the 2016 Water audit and these notes as your guide. 

o Do this as soon as possible to maximize retention of knowledge gained from the pilot program.  

o Conduct the AWWA Water Audit annually as a business practice.   

• If/Once Data Validity Score is >50, consider concurrently improving data reliability and follow-on implementations as 
described in the AWWA M36 Manual, once the annual Water audit is established: 

o Conduct a Real Loss Component Analysis to develop your leakage profile.    

o Conduct an Apparent Loss Component Analysis to develop your apparent loss profile.    

o Cost-benefit analysis & target setting for water loss components. 

o Design & implement water loss control program for cost-effective interventions.  
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Program Feedback  
Upon completion of the program and delivering participating utilities their validated water audit and Level 
1 validation review notes, a post-program survey was developed by the Cavanaugh team in collaboration 
with WIFA and ADWR. 

The survey was emailed to the 18 individual utility staff who participated in the technical workshops.  A 
response rate of 50% was collected.  The survey was issued via Survey Monkey and was delivered initially 
on February 9, 2018, and 2 reminders delivered February 12, 2018 and February 15, 2018.  The survey 
was closed on February 16, 2018.   

An excerpt from the survey responses is shown below.   

 

 

In general, the participating utilities had a very positive experience with the pilot program and saw value 
in training and technical assistance.  Full survey results area available in Appendix G. 

 

Figure 13: Of the Participants surveyed, 89% are considered ‘promoters’ (8-10) of the Program 
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State Level Recommendations 
The State of Arizona has for over a century taken a careful and proactive approach to water management.   
Yet a sustainable water supply for the future will require continued evolution and adoption of state-of-
the-art practices.  The basic water loss estimation methods and performance standards that exist in 
Arizona have provided a sound foundation that recognizes the importance of bringing attention to the 
issue of water loss control.  To achieve greater reductions in water loss that are both cost-effective and 
sustained, it is recommended that Arizona promote the industry best-practice M36 methodology.   More 
than a dozen states11 in the U.S. have adopted the M36 methodology by mandate and/or providing 
technical assistance to utilities to promote its adoption.  Presented below are short- and long-term 
recommendations for water loss management in the State of Arizona.  These recommendations are based 
on key takeaways from the pilot M36 Water Loss Technical Assistance Program (Program) in Arizona, and 
the author’s experience working with over 1,000 utilities to adopt sustained water loss management 
practices in other statewide M36 Water Loss Programs.  
 

Short-Term 
Continue to collaborate among agency stakeholders to promote use of the M36 methodology with Level 
1 validation to all utilities in Arizona.   There is already growing interest in the M36 methodology in 
Arizona, as evidenced by this Program.  Institutional support from ADWR, WIFA and ACC were drivers to 
put this initial Program in place.  The 2017 ACC memo12 set improving water loss policy as a clear priority 
for private utilities, and tied direct support to the Program.  The Arizona Municipal Water Users 
Association (AMWUA) was also supportive of the Program, as its members have expressed desire to learn 
more about the M36 methodology.  AMWUA has since conducted an informational webcast to advance 
the conversation of water loss management with its members in 2018. This type of collaborative effort is 
important, and allows the message of best-practices to propagate through multiple channels and 
mediums.  Key factors to promote regarding the M36 methodology are outlined below: 

The M36 methodology provides the utility and the State of Arizona with insight for water loss 
management in three ways: 
 

A. M36 measures reliability via validity.  The M36 methodology includes a mechanism to measure 
reliability. Without this check and balance, a system reporting extremely low water loss levels 
may appear to be a top performer when in truth their water loss assessment is erroneous.  
Unrealistic results were discovered in some of the self-reported audits provided by pilot utilities, 
including negative water loss.  The Program demonstrated the universal applicability and benefit 
of the M36 methodology across these different system demographics.  For all utilities, Level 1 
validation is a vital step to ensure data reliability is understood and policy decisions are based on 
reliable data.  

 

                                                           
11 Cavanaugh, M.S.  State to State Comparison of Water Loss Programs.  Conference Proceedings from IWA Efficient.  Bath, 
England.  2017.   
12 http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-
09%20September%20Open%20Meeting%20News%20Briefs.asp 

http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
http://www.azcc.gov/Divisions/Administration/news/2017Releases/2017-12-09%20September%20Open%20Meeting%20News%20Briefs.asp
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B. M36 disaggregates loss into subcomponents.  A basic total water loss estimation does not 
provide insight into the nature of the loss.  As loss can occur in six different forms, each with a 
unique cost impact and strategy to address, a total water loss number does not indicate where 
the greatest amounts of loss are occurring and which tools should be applied.  A common pitfall 
from this approach is the incorrect perception that all loss is occurring as a single type (i.e. 
unreported leakage).  Subsequent pursuit of the wrong loss component yields ineffective results 
and wasted resources.    

 
C. M36 utilizes metrics of volume and value.  The M36 methodology includes a suite of 

recommended metrics that indicate validity, volume and value (3-Vs) of water loss components.  
Once validity is determined to be actionable, the volumes and values (costs) of water loss 
components provide the utility with clear prioritization and focus areas to be cost-effective for 
loss reduction.  Furthermore, the M36 methodology utilizes a target-setting approach that is 
tailored to a system’s physical and cost characteristics, which effectively drives loss to optimal 
levels for all utilities.   

 
Some actions in support of this short-term recommendation are as follows: 

1) Sharing and promotion of utility case studies from the initial Pilot Program to other utilities 
in Arizona;  

2) Informational webcasts to continue high level promotion and awareness; 
3) Organizing a workshop in conjunction with association conferences and/or organizations (AZ 

Water Association, Rural Community Assistance Corp (RCAC), Rural Water Association of 
Arizona (RWAA), etc) to continue high level promotion and awareness; 

4) Conducting a 2nd Phase of the Program to expand concept demonstration to different regions 
or demographics and continue building utility buy-in; 

5) Formation of a Water Loss Collaborative with stakeholder representation from regulatory 
agencies, utility associations, and industry to provide strategic input to short- and long-term 
water loss initiatives in Arizona.  This action may be directly integrated into the Water Reform 
Working Group (WRWG) as identified in the 2017 ACC memo.   
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Long-Term 
 
Provide training and technical assistance in support of M36 methodology adoption for all utilities. The 
Program and subsequent participant feedback demonstrated that with a modest amount of training and 
technical assistance, utility staff from all system demographics can gain an adequate working knowledge 
for adoption of the M36 methodology.  This axiom has been reinforced many times over from similar 
training programs in other states, most recently in California13.  The benefits observed from other 
statewide programs have proven to reach both the participating utilities and the State, and are 
summarized as follows:  

• Establishment of a baseline for reporting of data reliability across the state regarding withdrawal 
volumes and consumption volumes, which serve as the foundation for long-term demand 
projections and capital needs for future supply; 

• Building technical, financial and managerial capacity for all utilities under the State’s capacity-
development purview; 

• Providing the State with validated water audit data to identify where the greatest needs truly exist 
to better direct limited state resources;  

• Reducing water loss supports the State’s strategic conservation objectives.  
• Enhancing the utilities’ understanding of their systems losses, including any uncertainties that 

need to be addressed in the short-term before major investment in reducing losses, new 
infrastructure, or expansion of supply; 

• Provides each utility with insight into where efficiency gains can be accomplished, which 
improves the operational bottom line, supports optimized rate setting, and strengthens 
customer trust in the context of water conservation.  
 

There are approximately 750 water systems that report to ADWR, and these represent public and private 
utilities, inside and outside of AMAs, and large and small.  For the purpose of providing support to these 
utilities, it is recommended to consider two different approaches based on system size. Below are the 
spatial and size distribution for the utilities serving greater than or equal to 3,300 population.       
 
To maximize the impact of state resources on aggregate water withdrawals, as well as the number of 
ratepayers benefiting from utility adoption of the M36 methodology, it is recommended that a statewide 
Technical Assistance Program (M36 Water Loss TAP) be implemented for targeting utilities above the 
3,300-population threshold. The total number of water systems in Arizona is approximately 750, with the 
vast majority of these being very small systems. The count of utilities above a service population of 3,300 
is 130, which constitutes approximately 92% of the service population in Arizona. 
 

                                                           
13 http://ca-nv-awwa.org/canv/downloads/2018/WLTapFinalReport.pdf  

http://ca-nv-awwa.org/canv/downloads/2018/WLTapFinalReport.pdf
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More than 600 small systems with service population less than 3,300 
represent only 8% of the service population in Arizona, and wide-
scale training and technical assistance is not likely going to be cost-
effective for the State’s resources.  These systems are much greater 
in number and much more spread out.  It is recommended for the 
Rural Community Assistance Corporation (RCAC), the Rural Water 
Association of Arizona (RWAA) and any other technical assistance 
providers for small systems be invited to participate in the M36 
Water Loss TAP.  This will provide essential training to those groups 
who can then extend the technical assistance to small systems 
through their ongoing interactions.     
 
 
Some actions in support of this long-term recommendation are as 
follows: 

1) Develop and implement Water Loss TAP targeting 130 
systems above the 3,300 population threshold; 

2) Include small system technical assistance providers to be trained in the M36 Water Loss TAP.   

Figure 14: Map & Data for Arizona Water Systems Serving 3,300 
Population and Greater 

Figure 15: Spread of Arizona Water Systems Serving 
Less than 3,300 Population 
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Appendices of Program Materials 
 

The following Appendices can be accessed electronically*:  

www.arizonawaterloss.org/report-appendices  

Appendix A Agency Orientation Webcast 

Appendix B Introduction & Kick-off Meeting 

Appendix C AWWA Free Water Audit Software Training Webcast 

Appendix D Water Audit Data Request Form 

Appendix E Examples of Supporting Documentation 

Appendix F-a Technical Workshop Agenda 

Appendix F-b Technical Workshop Presentation Slides 

Appendix G Post-Program Survey Results 

Appendix H  Key AWWA M36 Terms 

Appendix I  Pilot Utility Level 1 Validated Water Audits 

*password for access same as Program website 
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