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Executive Summary

There are finite volumes of water supplies for public use in Texas. The careful
accounting for the use of those supplies by public water supply systems is becoming
increasingly more important as it is becoming more important to conserve these
supplies to meet the needs of the growing population of the state. “Unaccounted for
water” or “water loss” is an important benchmark of public water system operations.
The efforts water utilities take for good system maintenance in controlling the loss of
water are also extremely important functions. This report summarizes the results of an
informational survey of a cross sectional sample of public water systems in Texas to
determine the degree of efforts in water use auditing practices and water loss control
measures.

In the spring and summer of 2004 a written survey was submitted to a sample of
960 public water systems out of the almost 2,400 systems in the state that serve at least
500 or more people. The sample was selected to cover a cross section of sizes (by
population served) and a cross section of ownership types. 300 responses to the
survey were returned.

The survey consisted of five sections and asked information about the service
characteristics and a variety of questions based on typical water use accounting and
water loss control practices in the water utility industry. Respondents were also asked
to submit any water audit or water use worksheets or documents they use.

This report presents and discusses the survey responses in table format within
the text and in Appendix 1. Also included is a tabulation of the written “fill in the blank”
responses to certain questions in Appendix 2. Appendix 3 contains selection from the
variety of actual water loss forms that were submitted. The report also touches on the
basics of the International Water Association’s recommended audit methodologies
which gear around comprehensive water use measurement and performance indicators.
There is a recap of the status of the efforts in this area by the American Water Works
Association’s Water Loss Committee.

The general findings of the survey reinforced the findings of other surveys and
investigations that within the industry consistency in the terminology and techniques for
water audit methodologies is needed. Also needed is more focus on water loss control
measures such as leak detection, leak response, and meter management. It was also
seen that utilities, especially the smaller and more rural, do not have consistent
practices or procedures in water accounting.

One recommendation is that there be training offered to Texas utility operators
and managers specifically oriented to present the basics as well as the most up to date
recommended water audit methodologies and water loss techniques. Recognizing that
there are many sizes of systems in Texas, recommendations are that various degrees
of water auditing detail and frequency should be required.
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Introduction

The State of Texas through its ongoing water planning processes has been
developing water management strategies which center on both wise development of
new sources of water and efficient management of existing supplies. It has long been
recognized that fresh water supplies are a finite resource that require careful and sound
management to ensure that adequate supplies are available to meet the needs of the
population of the State. This report addresses the way water use is accounted for by
municipal water systems in Texas.

Municipal water use makes up the second largest category of water use in the
state, behind only agricultural water use. Water for municipal use is primarily provided
to the ultimate users by public water systems. The difference in the amounts of water
originally diverted or withdrawn by systems, but not ultimately delivered for beneficial
use is figuratively known as “lost water” or “unaccounted for water.”

Reducing the amount of lost and unaccounted for water in municipal water use
has been identified as an opportunity for significant conservation of water. Major
strategies in achieving this are through improvements in the methods by which the
managers and operators of the systems account for water use as well as improved
infrastructure management practices to reduce water losses. Additionally, the 2004
Water Conservation Implementation Task Force has recommended water conservation
goals that specifically set parameters for reporting and benchmarking water use in
municipal water systems through use of a standard methodology for calculating total
usage and residential usage in gallons per capita per day. Improving utility water loss
accounting and practices will assist utilities in trying to achieve these goals.

This objectives and goals of this project were to survey a cross section of the
municipal water systems in Texas to first determine current water loss accounting
practices and resulting loss estimates, gain more information on current water loss
prevention and management practices, and then make recommendations for more
consistent water use accounting and water loss management.

GDS Associates, Inc. = Chris Brown Consulting = Tony Gregg = Grier-Bankett Consulting 1
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Background

Traditionally it was understood that water systems could take the amount of
water produced and put into the water system and subtract from it the amount of water
sold to customers over the same period of time and call the difference “water loss” or
“‘unaccounted for water.” This is still a commonly used method throughout the water
industry.

The water utility industry has long recognized that there is more to water loss
calculations and that it is important to properly account for all uses of water in municipal
utility operations. For many years, the American Water Works Association’s (AWWA)
Manual 36 titled Water Audits and Leak Detection has been considered an excellent
reference for water accounting guidelines in the United States. This manual
emphasizes water use calculations that include not only all metered uses within a
system but also measured unmetered uses such as flushing, fire use and measured or
estimated sources of unauthorized losses such as leaks or theft.

A 2002 survey of the State Regulatory Agencies on their Water Loss Reporting
Practices (Beecher) done for the AWWA determined that nationally there really is no
standard methodology for water accountability. The survey also found that the states’
interpretations of and use of the results from water use analyses were not uniform.

Even in Texas there is not consistency within the regulatory agencies. The
Water Development Board’s (TWDB) old Water Use Survey forms require water loss
calculations that specify water uses should include other “known water consumption”
other than sales, but do not specifically address what is to be included or the
methodology. The Texas Commission on Environmental Quality (TCEQ) has
conservation planning requirements that certain municipal users have a program of leak
detection, repair and water loss accounting to control unaccounted for uses of water.
And, the Water Utility Division of TCEQ uses the percentage of water lost between
sales and production as a benchmark when evaluating water system management
efficiency.

The second part of this survey of municipal water accounting practices related to
the measures utilities take to reduce or eliminate lost water. Historically, especially
where water supplies have been relatively abundant, low priorities have been placed on
making significant capital expenditures to quantify and control the use of water within
the systems. Other than repairing major leaks it was not uncommon to accept
significant percentages of “unaccounted for water.” Now with the growing population
creating a demand for the development for more water supplies, more stringent
regulatory requirements for improved treatment of public drinking water supplies, and
drought conditions periodically experienced in many parts of the state, it is economically
beneficial to implement programs to reduce the amounts lost or wasted.
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In recent years it has become very apparent to the water utility industry in North
America and in Texas that much more attention should be paid to not only the
accounting for and auditing of water supplies, but also that more emphasis be given to
the control of water losses in public water system operations. The AWWA Leak
Detection and Water Accountability Committee even renamed itself the “AWWA Water
Loss Control Committee to add emphasis to the management of water loss part of its
responsibility.

Extensive research and development of operating practices have been done with
regard to water loss control in European countries through the International Water
Association (IWA). The resulting well-defined water audit methodologies and water loss
performance indicators have become known as the “IWA audit methodology.” The IWA
audit methodology is a more structured approach to reducing water losses as defined in
terms of real losses (physical losses) and apparent losses (paper losses).

Real losses are those losses of water where the cost to the utility is the cost of
purchasing and producing the water. Real losses include water lost from transmission
lines and the distribution system from leaks, unnecessary line flushing and tank
overflows. Apparent losses are those losses of water that if measured would be billed
at the retail water rate.

The IWA audit methods utilize a two-step approach, a top-down audit followed by
a bottom-up audit. The first step, the top-down audit, is a desktop audit using existing
records and some estimation to provide an overall picture of water losses. Records and
information needed for a top-down audit include quantity of water entering the system,
customer billing summaries, leak repair summaries, average pressures, meter accuracy
test, meter change-out summary, permitted fire hydrant use, and other water use data
that may be kept on water theft and unmetered uses such as street cleaning.

The second step of the audit, the bottom-up approach, involves a detailed
investigation into actual policies and practices of the utility. This step addresses
development of better estimates of water use by the fire department, water used in line
flushing and street cleaning, and metering of all authorized uses. The procedures of the
detailed water audit also include using night flow and zonal analysis to better estimate
leakage; analysis of leakage repair records for length of time from reporting to repair of
the leak; and analyzing pressure throughout the system.

The IWA audit method recommends using indicators from the analyses in a
water audit to improve water loss control procedures, including:

1) Real losses:
Losses due to leakage and excess system pressure. Real losses can be reduced
by more efficient leakage management, improved response time to repair leaks,
improved pressure management and level control, and improved system
maintenance, replacement, and rehabilitation. The cost of real losses is
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estimated using the marginal production costs, such as energy and chemicals
needed to treat and deliver the water.

2) Apparent losses:
Losses due to meter accuracy error, data transfer errors between meter and
archives, data analysis errors between archived data and data used for
billing/water balance, and unauthorized consumption including theft. The cost of
apparent losses is estimated using the retail commodity rates.

3) Unavoidable Annual Real Losses (“UARL”):

This represents the theoretically low level of annual real losses in millions of
gallons daily (“MGD”) that could exist in a system if the current best management
practices for leak management are successfully implemented. It is based on data
obtained from systems where effective leakage management was implemented.
The calculation of the UARL is based on number of miles of water mains, number
of service connections, average water pressure, and length of service
connections. The UARL is allocated to service lines and water mains. The
revised AWWA M36 Manual will provide details on how to calculate unavoidable
annual real losses.

4) Infrastructure Leakage Index (“ILI"):
Ratio of annual real losses divided by UARL. The ILI provides a ratio of current
leakage relative to the best level obtainable with current best management
practices for leakage. A ratio of 1.0 would indicate that the utility has reduced
losses to the theoretically lowest level possible.

5) Economic Level of Leakage (“ELL”):
This is a calculation based on the cost of reducing leakage. It is the theoretical
level at which the cost of leakage reduction meets the cost of the water saved
through leakage reduction. These costs include not only the cost of producing
water but also the avoided cost of replacing the water.

More guidelines and details for municipal utilities to use in implementing and
improving their water loss accounting and management procedures are included in the
chapter from the Texas Water Conservation Task Force’s Best Management Practice
Guide on System Water Audit and Water Loss found in Appendix 7. Additional
information on the IWA methods and concepts can also be found in the resources
bibliography in the Appendix.

The AWWA is revising the M36 Manual to include many of the IWA practices and
much of its methodology. Due to the many ways utilities currently calculate
unaccounted for water, common definitions, terminology, and accounting procedures
are needed. One significant recommendation is that the term “unaccounted-for water”
no longer be used in any manner in the water supply industry. A short discussion of the
current status of the AWWA M36 manual revision is in the Appendix.
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Survey Approach and Methodology

To get a good summary of the current status of municipal water accounting and
water loss management practices of utilities around the state, TWDB determined that an
informational survey was needed. A written survey was sent by mail in the spring of
2004 to a sample from the group of public water systems in Texas which provide water
service to populations over 500.

The project team initially drew up the survey, called the 2004 Municipal Water
Loss Survey, to include many possible questions regarding water loss and water
accounting that might be considered. The questions were then organized by general
subtopic and distilled down to a number and mix that would not place an undue time
requirement upon the respondent, but still allow meaningful information in a variety of
subtopics to be obtained. The draft survey was submitted to the TWDB water
conservation staff to ensure specific information of interest to them would be asked.
The final survey as it was sent out is attached in the Appendix, and further discussion of
the question series is in the next section.

The survey was designed to be completed by a person within the utility
management that would have good knowledge of the water loss accounting as well as
the water loss control measures that the utility currently practiced. This preference was
reinforced within the cover letter accompanying the survey. The nature of the survey
and the wording of the questions did assume that the person responding had specific
experience and knowledge in the water utility management field, but care was taken to
prepare the questions with a minimum of jargon or acronyms. The questions were also
written to be as neutral as possible to minimize bias and not lead the respondent toward
any specific answer.

The sampling methodology can best be described as “stratified sampling.” The
survey was sent to a sample of the stated target population of all retail public water
systems in Texas serving a population of 500 or more. An additional parameter to the
sample selection from this group was that all of the top 100 water systems in the state
by size would be included. The top 100 systems represent approximately 67 percent of
municipal water use in Texas. From the 2003 Legislative session, HB 3338 required
utilities to submit water audit data to the TWDB and it was important that the sample
adequately represented utilities from various specified size groups:

Those serving populations of 100,000 or more
Serving 50,000 to less than 100,000

Serving 3,300 to less than 50,000

And serving less than 3,300 population

A very significant requirement was that the survey take into account other
differences in service area characteristics, so the target group was segmented to
ensure that specific ownership type categories would be sampled. There are several
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different types of management structures for utilities in Texas. Each of the various
categories has distinctive management characteristics that can affect budgets and
operating philosophies. The state regulatory agencies, especially the TCEQ, have
different regulations and degree of authority over the different ownership types and the
different management structures in this project generally followed the different
classification lines that the TCEQ uses.

Municipal systems. The majority of water systems in Texas are owned and
operated by the city or town they serve. In most cases the water utility operations are
run by a unit or division of the municipal government, usually the public works
department or utility department. In many cases the municipal water system is operated
along with other services such as the wastewater system and other services such as
solid waste and roads and streets. Elected officials are ultimately responsible for
funding and financing decisions in municipal systems.

Some larger municipal systems may be managed and operated by distinct, separate
utility entities. In the 2003 database, there were 825 municipal systems in Texas
serving at least 500 or more people.

Districts. There are also significant numbers of water districts of various types
which can have some of the same characteristics as municipalities. Water districts are
political subdivisions of the state and are formed primarily as a vehicle for infrastructure
funding. Many water districts in Texas serve populations on the urban fringes of
municipalities, and this group has a larger percentage of systems that are primarily
distribution systems with water being purchased from wholesale suppliers. Water
districts are often run by management companies that usually prepare accounting for all
water uses.

Water Supply Corporations (WSCs). Generally defined as non-profit, member
owned corporations, WSCs are also utilities formed with a primary mission to provide
water to customers. They are located in mostly rural, unincorporated areas, and in
many cases there is a more spread out nature to the service area with more distribution
lines between connections than found in urban water systems. The survey also had a
separate response category for Homeowner Associations, which in reality have many of
the same characteristics of smaller rural water supply corporations.

Investor Owned Ultilities. Another distinct utility type is the group known as IOUs
which are systems operated under private ownership, generally with the intention of
making a profit for the owners. Many of these are actually several small individual
systems operated by a central management office. The survey was only sent for
information on those individual systems serving a population of 500 or more.

Also included in this category of investor owned utilities are water systems
serving residential customers that are privately owned as part of another business
making venture such as a mobile home park. Privately owned water systems that do
not serve community populations or residential customers were not included.
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Other ownership classifications include governmental agency systems such as
those owned by counties, the state, and federal government systems. These systems,
military installations for example, do provide service to residential customers, but the
service may not be metered or billed to the customer, thus affecting the importance and
reliability of the water use accounting.

A small ownership classification, but very important are the regional authorities
which produce and sell water to both retail customers directly as well as wholesale to
other systems.

The sampling frame, or database from which the sample was selected was the
2003 TCEQ'’s Public Water Systems database. The TCEQ is the primary regulatory
agency over the public water systems and this database is regularly updated with
current information including population served. Out of the over 6,000 active public
water systems in Texas, this database listed 2,395 with population served over 500.
The water systems were sorted by order of population within the ownership subgroups
and every fifth name was selected to receive a survey by mail. Additionally, whether
included in the random selection or not, all of the top 100 largest systems in the state by
size also received a survey.

One drawback to the TCEQ’s database was that the listed contact official was
usually the person designated for official contact and not always the most appropriate
person to provide information about water management practices. The list was cross
referenced against the TWDB’s Water Use database which generally had a public
works or utility operations official listed.

The project team recognized that the water utility industry in Texas is regularly
requested to respond to surveys, questionnaires, and data requests from regulatory
agencies, private research firms, and organizations such as AWWA. In order to
encourage a response, the mailed survey included a cover letter on TWDB letterhead
and was pre-stamped for return to a designated post office box listed under the name of
TWDB Water Use Survey. And, instead of mailing, the option to respond to the survey
by filing it out on-line by going to a web address was offered. The project team also
made follow-up calls to the non-responders out of the top 100 by size group.

Project staff entered the data from the received surveys into a Microsoft ®
Access database file. Data from the surveys completed on-line were merged into the
database. After the initial completion of all data entry, information specific to each utility
from Section I, was scanned to fill in missing information such as principal county or
TCEQ Public Water System ID numbers.

Then, each of the categorical responses to the survey questions was analyzed
by determining the proportion of positive, negative and non-responses. The proportional
data is reported in series of two-way tables showing the percentage by category of
response and type or population served by the utility. Each table has in addition to the
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proportion of respondents to a particular question, the marginal distribution of total
respondents and the response rate of the total sample. Data is also reported in bar
charts in a number of cases for easier visual comparison. The significance of apparent
differences in proportions was tested by computing the Z-statistic using SigmaStat 3.1®,
and where significant, the results are acknowledged in the text.”

! SigmasStat for Windows Ver 3.10, Systat Software, Inc., 2004.
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Survey Response

960 surveys were mailed and 300 responses were ultimately received. Recap
totals of the target group, sample group, and surveys mailed and received are shown

below.

TOTAL SURVEY

BY TYPE OF UTILITY | (pop=>500) | SAMPLE | RESPONSES % of Total
County Owned 7 7 W
State 31 31 8 JL 14%
Federal 21 21
WSC 605 200 80 13%
District 590 200 42 7%
Municipal 825 400 157 19%
Investor 315 100 13 4%
Indian Reservation 1 1 0

Others: HOA, non- Incl. in

comm, Authority above 0
2003 TCEQ Water

Utilities Database 2395 960 300 13%

The response distribution by size of population served is shown in the table

below.

BY POPULATION GROUPS All Utilities Responses % of All
pop 100,000 and over 26 14 53.8%
between 50,001 and 100,000 28 14 50.0%
between 10,001 and 50,000 201 41 20.4%
between 3,301 and 10,000 530 78 14.7%

500 to 3,300 1610 153 9.5%
2395 300

GDS Associates, Inc. = Chris Brown Consulting = Tony Gregg = Grier-Bankett Consulting 9




2004 Municipal Water Loss Survey

Table 1 shows the total number of respondents by population served and
ownership type in a matrix. The matrix illustrates that more than half of all respondents
were municipalities, and more than half of all respondents were small utilities
(population served 500-3,000), but only 21% were both a municipality and a small utility.
The next largest group of respondents was small Water Supply Corporations. Water
Districts were the next most numerous respondents, and all of them served populations
of 50,000 or less. Investor-Owned Utilities and Federal-, State-, County-run utilities were
the smallest portion of respondents and all served populations of 10,000 or less. The
largest populations served (50,001 or greater) were all municipally run utilities, and
more than 80% of the utilities serving population between 10,001 and 50,000 were
municipally owned. However, together these mid- to large-size municipal utilities made
up 61 of the respondents, or just more than 20% of all respondents.

Table 1

Matrix of Respondents

3,301- 10,001-  50,001-
10,000 50,000 100,000

Type/Population: | 500-3,300 100,000+ TOTAL

Municipality 63 33 33 14 14 157
Water District 19 16 7 0 0 42
Water Supply 55 24 1 0 0 80
Corporation

Investor-Owned

Utility 12 1 0 0 0 13
Federal, State, 4 4 0 0 0 8
or County

TOTAL 153 78 41 14 14 300

Regional differences play a very important part in water use patterns as well.
The statewide water planning process has 16 regional water planning areas which were
developed taking into consideration population concentrations, climatic differences, and
natural features such as river basins and aquifers. The distribution of the survey
response by planning regions is shown in the next table.
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Tot > 500
BY REGION Responses pop Response %

Planning Group A 7 36 19.4%
B 6 32 18.8%
C 45 334 13.5%
D 26 170 15.3%
E 11 27 40.7%
F 13 67 19.4%
G 41 313 13.1%
H 45 717 6.3%

I 35 234 15.0%
J 0 24 0.0%

K 14 101 13.9%
L 29 169 17.2%
M 8 60 13.3%
N 50 16.0%
O 11 54 20.4%
Planning Group P 1 7 14.3%

300 2395
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Survey Questions

Section | Utility Profile

The first section of the survey, the Utility Profile, asked for specific information
about the utility and the person completing the survey — the demographic information. A
major objective of the survey was to get a good cross sampling of utility systems of
differing sizes, with the many different ownership and management structures, from
both urban and rural areas, and from all geographic regions.

Questions 1 and 2 asked for the names of the utility and its principal TCEQ public
water system identification number. This information was used to look up and cross
check the master utility databases to determine and verify that the correct name
information provided in the responses was accurate and also used to compare the
supplied information from the respondents to that used in other statewide analyses.

The next four questions, 3 to 6, asked for the name, title, telephone number, and
principal county where the utility does business. The survey was directed to the utility
or public works official deemed most knowledgeable about the utility’s water system
accounting. However, in many cases another person actually submitted the response.
Several utilities provide serve service in more than one county, and the principal county
reported was used to determine the planning region.

Question 7 requested the current estimated population of the utility service area.
As previously discussed, the TWDB in developing its new reporting requirements, has
utilized population sizes as a break in requiring different levels of information in the new
water use reporting forms. Most utilities know the number of meters or connections
they serve, but many, primarily the smaller ones or those that do not serve
municipalities may not accurately know the population served as this information is not
routinely collected. However, as noted earlier, most of the planning methods for
analyzing and determining water use for comparative purposes are based on gallons
per capita.

The population requested from the respondents was compared to the figures
used in TWDB planning reports and also to that recorded by TCEQ in its public water
system database which it uses to evaluate system capacities. It was expected that in
many cases the figure supplied is most likely a rounded estimate, but it was also
expected that the utilities should have a fairly good idea of the number of people served.
In a few cases, after a review of the information, a figure that was considered more
reflective of the actual service population was substituted. In many cases the
population served by a municipality may not correspond to the census or other generally
distributed population figures because the utility may serve an area different from the
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corporate limits, or may have other systems supplying water within its limits, or may sell
water wholesale to other systems.

Question 8 requested utility service area coverage by square mile. Water loss as
measured per unit of service area is one of many potential performance benchmarks in
analyzing water use. It is noted that after reviewing the variability and quality of the
response data to this question, further analysis in this area was not made.

Question 9 asked for the utility classification by management or ownership type.
An extremely important part of this project is evaluation of water loss practices by
different ownership or types of utilities. For analytical purposes, some utility
classifications were combined based on similar characteristics.

Questions 10 and 11 were intended to get more information to classify the exact
type of service the respondent supplies. Question 10 was asked to determine if the
service was retail, wholesale, or a combination of the two. This is important, because if
the service was wholesale, then there would be another service provider with the
corresponding retail use. Also, consideration for wholesale service provision should be
made in analyses utilizing population or distribution system sizes. Question 11 asked for
the number of separate systems served.

Question 12 asked for the type of supply source, surface water or groundwater,
and/or if the respondent purchased water from others.

The final questions (13 and 14) concerned the use of emergency suppliers. This
information is related to water use accounting to determine if adjustments would be
made if the emergency supply is used.

Section Il Water Loss Accounting

This section of the survey was designed to gather information from the utility
managers on their practices for water loss accounting and how the information is then
used. Both the cover letter and the questionnaire specifically indicated that the
responses were to be based on the utilities’ current water loss accounting procedures.
In general, the purpose of this section of the survey was to get a broader look at what
are some of the common practices for systems of all sizes and types.

The first 11 questions were to be answered by checking specific answer
categories that centered on what the respondents included in their water accounting
procedures. The next to last question of this section asked for a short narrative
description of the procedures used to calculate water loss and the final question in this
section asked for the water loss accounting worksheet to be attached or submitted.

Question 1 was specifically placed at the start of the section. This question was
designed to just get the respondent to indicate what the respondent recognized as the
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system’s “water loss as a percentage of total water entering the system” on an annual
basis.

It was expected that this survey would show that there are significant differences
in what different utilities include in their individual water use/water loss calculations.
The response to this initial question would help determine if any differences occurred
across different categories.

Question 2 asked if the respondents performed a Water Audit or other water
accountability analyses for their system. Questions 3 and 4 followed by asking if there
was a specific format or worksheet and whether a standardized audit form would be
used if provided. Again, this information is important to determine if differences occur
across different categories.

Questions 5, 6 and 7 were very important in determining what specific
information was included in the water loss calculations. Question 5 asked “What best
describes the typical water audit?” There was no open ended answer to be marked and
only one answer was expected. The menu of choices given ranged from (1) used a
simple percentage of water sold to water produced, (2) included some water uses other
than sales, to (3) used a detailed water audit. The respondent could also indicate if he
or she did not know what was in the water loss calculation.

Question 6 asked that the respondents mark all of the water uses other than
customer sales that are included in their analyses. Multiple answers from six commonly
used categories of water use could be marked for this question. An additional “Other”
category could be filled in. All of the given water use categories are generally
considered important for inclusion and the responses to this question would show the
emphasis placed on them by the utilities.

Those that indicated that they did not include any other water uses other than
metered sales were directed to Question 7 which asked for the reasons for not including
additional water uses in the analysis. Multiple answers could be checked. The
information from this question is intended to assist in understanding why more utilities
do not do detailed analyses.

Questions 8, 9 and 10 were designed to find out how the water audit information
after calculation is used by the utility. The objective of Question 8 was to determine if
the respondents utilized their water audit or analysis procedures for detailed or specific
review to determine trends or spot operational problems. Some of the choices offered
(such as water loss by pressure zones) were included to see if this method was used by
large utilities. More than one response could be marked.

Question 9 of this Section asked in more general terms how the results were
reviewed, either compared to past results or general benchmarks, or not reviewed at all.
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Question 10 was included to determine to what degree, under his or her own
circumstances, the degree of confidence the respondent felt in their current method of
calculating water loss by asking if it “fairly and accurately” reflected the amount of water
loss. This was a subjective question, but in comparison with other findings could
indicate the additional need for information and education in the procedures.

Question 11 asked for the background and training which the respondents have
relied on for developing their water loss and water use information. More than one
selection could be made from a list of generally known organizations that offer training
and publications to the water utility industry in Texas. Those that selected “Other” were
given a blank space to supply a response. These responses will help in targeting and
disseminating additional training resources and information in the future.

With no detailed preliminary explanation or parameters purposely supplied,
Question 12 asked each person responding to describe in their own words the
procedures they used to calculate or determine water loss and water use. The written
responses will provide good insight and background.

Question 13 concluded this Section on the Water Loss Accounting by requesting
a copy of the actual water loss worksheets or documents used for calculation of water
use. The option was also given for submittal of electronic versions. The individual
worksheets were reviewed and good examples selected for additional review. This
question somewhat redundant to a question in Section Ill that also asked for specific
water use data to be submitted, and in most cases the worksheet report included was
the same.

Section Illl Water Loss Minimization Efforts

While the previous sections of the survey looked at the various degrees of
accounting practices for water use within the systems, Section Ill focused on the current
practices for controlling and addressing water loss both from leaks and under
registering customer meters.

Leak control is considered a significant method to reduce unaccounted for water
within a water distribution system. The first six questions of this section were written to
determine the degree of importance and emphasis given to leak detection as well as
leak management practices.

The first question requested information on the use of Leak Detection and Repair
Program. Three options were offered, (1) checking for visible leaks, (2) simply fixing
leaks when reported, or (3) a proactive program of looking for leaks. An additional
“Other” option was offered and several respondents filled in the blank.

The second question concerned the use of Leak Detection equipment. It is
important to know to what degree utilities use leak detection equipment or services and
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what types are most preferred. More than one use could be marked from the list of
choices which included most common types and sources of leak detection equipment
and services. There was a choice for “Other” and several for respondents to expanded
on their leak detection techniques.

Question 3 continued with leak detection equipment use by asking more
specifically how the equipment is used. The answers for this question included choices
to determine whether the equipment was used more for proactive leak detection
(surveys) or reactive leak detection (pinpointing known leaks).

Leaks on customer service lines and at connections to the distribution mains are
known to be areas where significant volumes of water can be lost due to leaks. For
most utilities in Texas, when the meter is set in the street right of way, the meter
delineates the point at which utility repair responsibilities end. However in some other
countries, utilities offer repairs on the customer’s service line. So Question 4 asked if
the utility had any specific programs or procedures for fixing leaks on the customer’s
service line. The follow up, Question 5, asked those that did to fill in the blank with
specific procedures that were in place.

Question 6 specifically asked the respondents to check other water loss control
measures that may be currently implemented in their ongoing operations. The first four
items on the list are known good management practices, and an “Other not listed”
option with a fill in the blank was offered.

Question 7 asked whether periodic meter calibrations and testing at the water
production facilities are done, and whether the utilities have in place periodic customer
meter replacements. Additional metering questions were included in Section IV, on
historical water management practices.

Whether an organized leak repair log is kept is the focus of Question 8 which
asked the respondent to select those items that were included in the log.

The age and materials of water distribution systems can affect the number and
frequency of water leaks. The next three questions addressed the physical make-up of
the distribution systems. Respondents were first asked to give the total lengths of pipe
by typical different sizes in Question 9. Then in Question 10, the approximate
percentage of the system composed of different pipe material was requested. And, in
Question 11, the approximate age distribution by 10 year increments was asked for.
This information is useful to determine if leakage and water loss can be correlated
based on pipe type and age.

An area where significant water savings can be realized is in reducing or
minimizing the time it takes to respond to and repair leaks. The next two questions, 12
and 13, asked for the average time to fix large leaks and small leaks. A related
Question 14 and the final one of this section asked how many full time leak crews were
dedicated to locating and repairing leaks.
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Section IV Historical Water Management

This section of the survey was developed to gather more information about the
individual utilities’ historical water use and the service profile of the system. The
primary intent of this was to compare and determine the degree to which factors such
as meter replacement and pressure zone management are addressed by the.utilities.

Questions 1 through 5 asked for information related to the customer meters. The
total current number of active meters by meter size was asked for in Question 1.
Beyond just the normal number of metered connections, this question offered a
selection for utilities to indicate if the number of separate irrigation meters, and later, a
separate Question 5 asked if the utility metered private fire lines.

Question 2 asked if within those totals for No. 1, were there master metered
submetered accounts, wholesale accounts, or very large accounts such as institutional
or industrial service. In evaluating usage per capita or usage per connection, it is
important to know if some meters are actually serving significant large volume users or
large population segments.

More accurate measurement of water can be obtained through regular meter
replacement programs. Question 3 asked for the meter replacement policy criteria such
as age of meters or volume of water passed. And Question 4 asked for the average
age of meters within a range of years.

Question 6 asked for the number of distinct pressure zones and Question 7
followed up by asking if the separate pressure zones were separately metered.
Questions 8 asked specifically for the pressure ranges in the zones.

Fill in the blanks were given in Question 9, which asked the utilities to provide
basic water production and usage information for calendar year 2003 or a more recent
twelve month period. At the end of this question the instructions offered the option to
provide the information requested in an already compiled worksheet or report. It should
be noted that Question 13 of Section Il asked for a typical worksheet to be attached as
well, and although not stated, submittal of actual in use documents was preferred. As
mentioned earlier, this was a redundant question from Section 2.

Section V Additional Information

The formal survey concluded with Section IV, but Section V gave the opportunity
for respondents to submit and additional comments or questions related to any part of
the survey or in general about the water loss accounting and related programs.
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Analysis of Data

Results and Data Review

The results and analyses of the survey response data are summarized in this
section. In addition to the charts and tables below, additional tables summarizing the
results of the survey data are included in Appendix 1.

Each of the tables shows the overall results distribution of responses expressed
as a percentage to particular survey questions including the proportion of respondents
who responded positively to a particular question. The tables are based upon either the
population served or the type of utility. There are corresponding tables showing the
same results separated by the other parameter (population served or type) located in
the Appendix. A number of questions are discussed below and both tables are included
in the Appendix.

1. Reported Water Loss

In response to the very first question of Section I, “What is your system’s water
loss?”, almost 90% of all respondents reported their water losses (Table 2), with 9.3%
responding that they did not calculate water losses. The bulk of those respondents were
from federal-, state-, or county-owned water systems, which do not meter end users.
The largest group of respondents at 46.4% fell in the two ranges of 5% to 15% water
loss inclusive. The overall distribution was slightly skewed with 8% reporting more than
25% water loss, and 24.3% reporting water loss between 15% and 25%. Only 10.3% of
respondents reported that they had water loss below 5%. When compared by size,
significant differences were found between the smallest utilities reporting (population
500-3,300) and the mid-range utilities (population 10,001-50,000), with 17.6% of the
smallest utilities reporting between 10% and 15% versus 39% of the mid-range utilities
reporting that water loss (Table A-1).

One-half of respondents with a population of 50,001 or greater reported water
loss in the 5% to 10% range. This differed significantly from those with a population of
50,000 or below, which ranged from 19.5% to 21.8% reporting loss in the 5% to 10%
range. The only population group with a significantly higher response rate in the 10% to
15% loss range was that with a population of 10,001 to 50,000, which reported 39%, as
compared to the overall reporting of 22.7% in the range.

When examined by type, one of eight of the federal-, state-, and county-owned
systems reported water loss between 10% and 15%. The remaining seven responded
that they do not calculate water loss. This is unsurprising since these systems typically
do not meter end users. Nine of 13 investor-owned utilities reported water loss rates
below 15%. Water districts had the largest proportion of responses, with water losses
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below 15%. More than 83% of the water districts reported less than 15% water loss. Of
all types, in only water districts and investor-owned utilities all respondents reported that
they did calculate water loss rates as a part of doing business.

Table 2
What is the system's water loss as a percentage of total water entering the system?
o Water Water Investor Federal,
Type: Municipality District Co%(‘)zr;ult%on %v;/i_ﬂtevd SCtate tor TOTAL
Lounty
X > 25% 7.6% 2.4% 12.5% 7.7% 0.0% 8.0%
25% > x> 20% 8.9% 4.8% 12.5% 7.7% 0.0% 9.0%
20% > x> 15% 15.9% 9.5% 20.0% 7.7% 0.0% 15.3%
15% > x> 10% 23.6% 19.0% 23.8% 23.1% 12.5% 22.7%
10% > x > 5% 21.7% 47.6% 17.5% 23.1% 0.0% 23.7%
X< 5% 8.3% 16.7% 8.8% 30.8% 0.0% 10.3%
Don't calculate 11.5% 0.0% 3.8% 0.0% 87.5% 9.3%
Non-respondents 2.5% 0.0% 1.3% 0.0% 0.0% 1.7%
N 157 42 80 13 8 300

2. Questions Relating to Performing Water Audits

Almost three of four respondents (74.7%) perform a water audit or otherwise
calculate water loss or perform a water use accountability analysis. Just less than 10%
(8.7%) responded that the analysis was performed less often than annually. The
remainder responded that they do not perform such processes, or did not reply. There
were no significant differences in response rates based upon size of utility.

The only type of utility that responded negatively (seven of eight) to the question
of performing a water loss audit or accountability analysis was the federal, state, and
county group (Table A-3). This is probably only indicative of the lack of meters on end
users for these systems. The remaining types of utilities responded from a low of 68.2%
for municipalities to a high of 92.9% for water districts that perform audits or otherwise
calculate water loss on an annual basis.

Table 3 shows the responses by utility size to the method for calculating water
loss amounts. The most prevalent (37.7%) method of calculating water loss
percentages is based upon “the difference between the total amount of water supplied
to the system and the total water sold”. Approximately the same amount number of
respondents (37.0%) included some other method of adjusting for unmetered water
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uses in the water loss calculation. Only 15% of all respondents indicated that they
identify all other uses in addition to all metered water in a detailed water audit
procedure. The remaining respondents indicated they were not sure, or did not reply to
this question.

Table 3

Which best describes the typical water audit or water loss calculation or
analysis procedure?

: 3,300 10,000 50,000 100,000

100,000+ TOTAL

The difference between
total water sales at the
customer meters and the | 45.1% 35.9% 24.4% 14.3% 28.6% 37.7%
total water supplied to
the system

The difference between
total water sales plus
some other metered or

unmetered water uses 32.7% 33.3% 43.9% 64.3% 571% 37.0%
and the total water
supplied to the system
A detailed water use
audit that includes all
metered water uses and | 9.2% 17.9% 29.3% 21.4% 14.3% 15.0%
all other identified water
uses

Do not know exactly

what is in the water loss | 7.8% 7.7% 0.0% 0.0% 0.0% 6.0%

calculation
Non-respondents 5.2% 5.1% 2.4% 0.0% 0.0% 4.3%
N 153 78 41 14 14 300

When examined by type, 84.6% of investor-owned utilities reported that they
calculated water loss using the simple difference between sales and total water supply
(Table A-8). This compares to municipalities, water districts and water supply
corporations reporting between 35.7% and 38.8% using this simple method. All of the
federal-, state-, and county-owned utilities reported either not knowing (75%) or not
responding (25%) to this question.

The sample respondents split almost evenly between those who use special
forms or worksheets (34.8% overall) and those who report water losses as part of their
annual report (37.7%). The remaining respondents (23%) indicated they did not use a
specific method for reporting water losses. The largest utilities (population greater than
100,000) indicated a significantly higher portion of utilities (64.3%), which use a special
form or worksheet to calculate water losses (Table A-4). Only the federal-, state-, and
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county-owned utilities diverged from the overall pattern of responses with 62.5%
indicating they used no form versus 25% indicating the use of a form or including it in an
annual report (Table A-5).

The vast majority of respondents of all sizes and types indicated they would use
a standardized water audit worksheet if provided. The total positive response was
73.3%, with 78.3% of municipalities (Tables A-6 and A-7) as the highest response rate,
and 50% of federal-, state-, and county-owned systems indicating they would use such
a worksheet.

3. Details of Current Water Audits and Water Loss Calculations

Table 4 shows the responses to the question that asked what identified water
uses other than metered sales were included in the existing audit. The most likely type
of water use to be included was routine line flushing, which was included by 77.7% of
the respondents. The next most likely type of unmetered water to be considered was
estimated water lost to leaks (64.0%), and a similar number of respondents (61.7%)
also account for water used by the fire department in either fire fighting or fire hydrant
testing. Three alternatives received a similar proportion of positive response. Just more
than a third of overall respondents indicated that they include either bulk sales, including
construction; municipal uses, such as parks, median watering, street cleaning or sewer;
and/or in plant uses, storage tank overflows, or plant backwash in their calculations.
However, there was a significant difference by size in the response to two of these three
options. More than half of mid- to larger-sized utilities responded positively to including
bulk sales and municipal uses in their water loss calculations. The difference in
response to the inclusion of bulk sales between the utilities with populations between
500 and 3,300 at 23.5% and the utilities with populations from 3,301 to 10,000, at
37.2% was also statistically significant. This may be due to the relative infrequency of
bulk sales in the smallest utilities. Utilities serving population in the range of 10,001 to
100,000 populations also showed a significantly higher accounting for in plant uses that
the smallest utilities (53.7% and 57.1% versus 30.0%). But the utilities with populations
in the range of 3,301 to 10,000 and those with greater than 100,000 were not
significantly different.

The apparent difference between the responses to the question of the best
description of a typical water audit or water loss calculation, and the responses
summarized in Table 4 to specific water uses or losses accounted for by respondents,
may be that current methodology in presenting “Water Loss” includes some unmetered
water that can be accounted for, but no standard method for accounting for such uses.
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Table 4

Identified water use other than metered sales to customers included in current water use

analysis
- 500-  3.301-  10.001-  50,001-
Population: 3300 10000 50000 100,000 00.000+ TOTAL

Fire department, including
either fire fighting or hydrant 59.5% 65.4% 63.4% 57.1% 64.3% 61.7%
testing

Leaks, estimate of water lost

. 64.7% 65.4% 68.3% 42.9% 57.1% 64.0%
during the leak

Routine line flushing 77.8% 79.5% 78.0% 71.4% 71.4% 77.7%

Bulk water sales, including

f 23.5% 37.2% 56.1% 64.3% 571% 35.0%
construction

Municipal uses, such as
parks, street medians, sewer | 20.3% 32.1% 56.1% 85.7% 71.4% 33.7%
or street cleaning

In plant uses, storage tank

overflows or filter backwash 30.0% 38.5% 53.7% 57.1% 42.9% 37.3%

Other water uses 6.5% 10.3% 7.3% 14.3% 71% 8.0%
None of the above 13.7% 11.5% 12.2% 0.0% 21.4% 12.7%
Non-respondents 3.3% 1.3% 0.0% 0.0% 7.1% 1.0%
N 153 78 41 14 14 300

When examined by type (Table A-9), investor-owned (23.1%) and Federal-,
state- or county-owned utilities (25%) were significantly lower in including fire-fighting
water use than the overall sample (61.7%). They also were significantly lower in
including bulk water sales (0% each versus 35.0% overall). Water districts, water supply
corporations and investor owned utilities reported significantly lower levels of accounting
(0% to 9.5%) for municipal uses including street medians, parks and/or street cleaning
than municipalities (58%). Investor-owned utilities reported the lowest accounting for in-
plant uses (7.7%) while all other types reported between 37.5% and 39.5% that they
identified in-plant uses, including storage tank overflows or filter backwash in water loss
accounting.

Most of the respondents who answered none-of-the-above to the previous
question were small (21 of 37) or municipal utilities (22 of 37). Similar numbers
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reported they do not have any significant water uses other than metered sales or are
only able to calculate billed water sales (16 of 37). The next highest portion (10 of 37)
reported that they did not have time to calculate water losses (3.3% of the total sample).
Only seven (2.3% of the total sample) reported that they did not know how to calculate
water losses (Tables A-10 and A-11).

Almost 70% of respondents indicate that they only audit the system as a whole
(Table A-12). Water use or loss by class of customer is considered by 10.7% of
respondents; individual pressure zones are evaluated by 9%; and 6.7% look at
seasonal water loss patterns. The remaining categories were less than 5% of
respondents and are summarized in Table A-12. Two thirds of respondents (67.4%)
compare their audit results to past results to determine if they are better or worse; while
38.3% also compare them to benchmarks (Table A-13).

In response to the last question of the section on water loss accounting,
approximately 69.3% of all respondents felt that their current method of calculating
water loss fairly and accurately represents the amount of “water loss” in their system
(Tables A-14 and A-15). Those who responded otherwise split about evenly between
those who indicated that their current method does not accurately reflect “water loss”
(12.7%) and those who did not know (14%). Again, by type, the federal-, state-, and
county-owned systems responded with a majority of “don’t know.”

4. Leak Detection and Response

Table 5 includes responses to questions regarding the type and availability of
leak detection equipment, training and general familiarity with leak detection methods.
Overall, more than half of the respondents indicated that they have not performed leak
detection with specialized equipment. The response data appears to separate by size of
population served, with six of 10 utilities serving populations of 10,000 or less indicating
that they have not used leak detection equipment. Utilities with populations of 10,001 or
higher were significantly more likely to have performed leak detection activities with less
than 30% responding that they had not performed leak detection. Less than 15% of
large utilities (population greater than 100,000) indicated that they had not done leak
detection. A little more than one of five respondents owns leak detection equipment and
uses it as needed. Again, population served is significant here with an increasing rate of
utilities that own their leak detection equipment as size of population served increases.
This peaks with the 64.3% of the largest utilities owning their equipment. Of those
utilities that contract with professional leak detection firms to do their leak detection,
those serving populations in the range of 10,001 to 100,000 are significantly higher than
the smallest utilities (17.1% and 35.7% versus 5.9%). Overall, 10.0% of the respondents
contract with professional firms to do their leak detection.
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Table 5

Please check all that apply to your use of leak detection equipment:

Population: 500- 3.301- 10,001- | 50,001- | 100,000+ | TOTAL
3,300 10,000 50,000 | 100,000

We own our own leak
detection equipment and 10.5% 19.2% 41.5% 35.7% 64.3% 20.7%
use it as needed.

We rent or borrow leak
detection equipment from
TWDB or other sources
and use it ourselves.

9.2% 3.8% 9.8% 0.0% 7.1% 7.3%

We contract with a
professional leak detection
firm to do leak detection on 5.9% 9.0% 17.1% 35.7% 14.3% 10.0%
our system using
specialized equipment.

The TWDB (or other
agency) came out and
trained us to use leak 3.3% 3.8% 2.4% 71% 7.1% 3.7%
detection equipment to
survey our system.

We use the free leak
detection available from 5.9% 6.4% 4.9% 0.0% 0.0% 5.3%
the TWDB.

We do some flow tests, but
no mechanical or electronic 8.5% 6.4% 12.2% 7.1% 14.3% 8.7%
equipment is used.

We have not performed
any specialized leak

detection with equipment 62.7% 57.7% 29.3% 28.6% 14.3% 53.0%
or flow testing to identify

leaks.

Other 6.5% 1.3% 4.9% 0.0% 7.1% 4.7%
Non-respondents 7.2% 9.0% 12.2% 0.0% 0.0% 8.0%
N 153 78 41 14 14 300

When looked at by type of utility (Table A-16) investor-owned utilities varied
significantly from other types when it comes to ownership of leak detection equipment
(0% versus 20.7% of total sample). The majority (62.5%) of federal-, state- or county-
owned utilities have not performed any specialized leak detection with equipment or
flow testing to determine leaks. The remaining utility types did not vary significantly for
any of the leak detection options reported above and in Table A-16.
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Nine percent of respondents indicated that they fix leaks on the customer side of
the meter, while ninety percent indicated the do not (Table A-17). Tables A-19 and A-20
show the level of detail in which utilities organize their leak detection results. Only the
largest utilities significantly and consistently exceed the overall average response in the
following categories: pin or mark areas to visually indicate problems (64.3% vs. 14.7%);
classify leaks based upon size and location (64.3% vs. 22.0%); cataloging the nature
and cause of leak (64.3% vs. 27.0%); recording pipe material and replacement parts
(78.6% vs. 34.7%) as compared to those which don’t have a leak log or keep specific
repair records (14.3% vs. 37.7%). When examined by type, only the federal-, state- or
county-owned utilities varied significantly in their record keeping with none keeping
visual records or estimates of water loss during repairs compared with 14.7% and
32.7% of overall respondents respectively.

5. Metering

Table 6 shows the proportion of respondents that perform regular meter
calibration and testing, and periodic customer meter replacement separated by size of
utility. Just more than half of all utilities perform regular meter calibration and testing at
treatment facilities. The larger utilities were more likely to have a regular meter
calibration program. Utilities serving populations of 10,001 or more were much more
likely to have a meter calibration program with more than 75% of all such utilities
reporting a program. Periodic customer meter replacement program had a higher
percentage of response, with 75% of all utilities replacing meters. Only the very largest
utilities (population greater than 100,000) had a significantly higher rate of meter
replacement, with 100% indicating they performed regular customer meter replacement.

Table A-18 shows the same data separated by type of utility. Federal-, state- or
county- utilities were the only category of utility that had a significantly different
response based upon type. Most of them (62%) did not respond to this question, and
only one indicated they do regular meter calibration, while two indicated they
periodically replace meters.
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Table 6

With regard to meters at the plants and within the system, do you currently have:

Population: 500-3,300 3,301-10,000 10.001-50,000 50,001-100,000 100,000+ TOTAL

Regular meter
calibration and
testing at the
treatment facilities 46.4% 55.1% 75.6% 85.7% 85.7% 56.3%
(including well
meters if a
groundwater user)

Periodic customer

meter replacement 68.0% 78.2% 80.5% 71.4% 100.0% 74.3%
programs

Non-respondents 11.8% 7.7% 4.9% 0.0% 0.0% 10.7%
N 153 78 41 14 14 300
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Review of Specific Utility Worksheets

Prior to implementation of the new reporting requirements in 2005, there have
been no required water use forms for Texas utilities that focus specifically on water use
accounting other than the annual Water Use Surveys of the TWDB. And, there are no
generally circulated standardized forms other than perhaps those found in training
literature or the AWWA Manuals. Two separate questions in the 2004 Municipal Water
Loss Survey asked respondents to submit documents or worksheets specific to their
own operations. One question asked for a copy of the typical water use calculation
worksheets, and the other question offered the respondents the option of including their
typical spreadsheet that contained the water use information for the calendar year of
2003 or a recent twelve month period.

A total of 131 different utilities sent in items as an attachment to their returned
survey. Sixteen of those sent spreadsheets electronically when responding to the
survey on-line. It also should be noted that several of the very large municipal systems
in Texas noted that they did perform water audits, but did not submit complete audit
documents. These forms and documents provided an informal insight to the practices
utilities utilize, different from that possible through the structured questions of the
survey. The actual, in-use forms and worksheets and work papers included a variety of
water use accounting styles, assumptions, and showed that different degrees of
importance are placed on certain aspects of water accounting.

Even though several utilities answered the question that they performed a water
audit, most submitted annual summary worksheets or monthly water use reports. The
different water use worksheets could be separated into general categories:

. Summary documents that showed water pumped and water sales and the
subsequent computation of water loss percentage. Several systems just
submitted a copy of their completed TWDB Water Use Survey form or
TCEQ Monthly Operating Report form.

. Summary document with water pumped and sold and with some additional
adjustments for unmetered water. The maijority of the worksheets sent in
were in this category.

o Detailed or specialized worksheets. Several good worksheets that could
be classified as water audits were sent in, and many came with secondary
worksheets that showed backup calculations for the leak, flushing, or other
unmetered use volumes recorded.

Overall, the review of these 136 hard copy worksheets reinforced the need for
standardized definitions and methodology for computing water loss. Across the board,
for both the larger utilities and smaller ones, there was a lack of consistency in the
adjustments made in the water use computations. Selected examples of good practices
and procedures are attached in the Appendix.
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One important finding is that a significant number of the smaller systems,
including almost all of the water supply corporations and many smaller municipalities
utilize the standard report form or summary from billing software programs which
automatically computes the water loss percentage from billing data. While most of these
standard report forms had a computation based on monthly water sales and water
amounts pumped, only some had a line for input of fire and flushing adjustments.

Another observation from this review of the actual water accounting documents is
that there is a wide variety of methods used to report and quantify the various
adjustments to account for non-customer usage. The most common are line flushing,
fire department use, water lost during leaks, and other uses. Most utilities did recognize
the need to make adjustments and some were quite careful or resourceful in accurate
figures while others used very basic estimates.

1. Line flushing: This category of other water use was included more than
any other. Many worksheets called this “hydrant flushing” or combined it with “fire
flushing.” Many worksheets had a line for “estimated” flushing uses and appeared to
put in the same amount each month, or use a percentage of total production. Several
respondents attached the calculation page where they actually tabulated flushing uses
on an individual basis using a volume per minute or similar method.

2. Fire department use: Another known significant use of non-metered water
comes from either hydrant exercising and training by the fire department or from actual
use in fighting fires. Many utilities had a separate sheet for the fire department to report
water use each month, while others estimated the fire department’s use.

3. Water lost due to leaks: As discussed earlier, water lost through leaks
represents the largest volume of unaccounted for water. Increasing emphasis will be
put in quantifying the amount of leakage and improving leak detection and leak repair
procedures. Very few worksheets had any kind of line adjustment or accounting for
water lost due to leaks. Those few that did made estimates based on standard charts of
water flow for certain size leak holes, or used a standard estimate of water lost per mile
of distribution line. One medium sized city simply estimated “water lost due to leaks”
each month as a percentage of the total amount pumped.

4. Other common non-customer, authorized water uses: In addition to the
above, many utility accounting worksheets had additional itemized water uses that were
considered important and specifically included in their worksheets. The AWWA M36
Manual also recommends that these be included:

. Process water or other water used internally at the water treatment plants
and wastewater treatment plants

. Water used at city buildings, parks, road medians, etc. Some used
metered amounts and others used estimates.

. New construction within the system

. Sewer cleaning
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Street cleaning
Wash trucks
Construction meters
Theft

5. Adjustments to water production amounts: There are also recommended
adjustments to the reported amounts of water supplied to the system that can
make a big difference in accuracy of the calculations. Very few of the
worksheets submitted had adjustments to the water production amounts
supplied to the system, but those that did included:

Storage tank drainage or overflows
Changes in tank or reservoir levels
Corrections for meter reading lag time
Adjustment for meter accuracy.

There were other accounting or water use adjustment practices within the sample
of worksheets that deserve mention. Only one utility actually computed the cost per
1000 gallons of water to produce and then computed the value of lost water as part of
its regular analysis. One or two utilities had places on their worksheets for adjustments
to the meter reading for meter error. One utility had a correction factor for under
reading customer meters, but did not appear to be applying it.

Appendix 3 contains samples from the various worksheets and data summaries
submitted in response to the survey.

Although not included in the examples Appendix, there are also some fairly
detailed and extensive water accounting procedures being implemented by some of the
very largest municipal utilities in the State. Fort Worth first performed a full water use
accountability audit that embraces the measures of the IWA method for 2001 data. San
Antonio Water System has had very good accounting practices in place, and recently
has begun to move toward use of IWA concepts. The City of Austin does have an
extensive water accounting electronic spreadsheet which among other things, balances
the system supply reservoirs and meter reading cycles for more accurate analysis of
water loss figures..
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Conclusions and Recommendations

It became a challenge to come up with conclusions from a survey such as this
one which covered several different areas of both water use accounting and practices
for water loss management. The survey covered a large target sample that ranged from
small utilities to the largest in the state. However, if there can be one general
conclusion, it is that the Texas municipal utility industry has not placed the significance
or importance on water use accounting that will be expected from it in the future.

Overall, the survey supported the same findings as the recent national Survey of
State Agency Water Loss Reporting Practices that there are no consistent standards for
defining, computing or reporting water use and water loss. Additionally, the survey
verified that there should be more emphasis and awareness on the water loss control
measures such as leak detection and response, meter testing and replacement, and
asset management.

One purpose of the survey was to determine if there were significant differences
between sizes of utilities in their water loss calculation practices. Utilities of all sizes will
soon be required by law to file a water audit. In setting the guidelines there is flexibility
for different requirements for water audits for different sizes of utilities.

Generally, as expected, the larger utilities (50,000 or greater) did show more
detail and sophistication in what they included as part of their water accounting (see
Tables 3 and 4). However, there is still a fairly large portion of that group that indicated
they used the simple water sales to water produced ratio as the basis of determining
water loss. Analysis of the response data, the responses to the open ended question of
‘how do you compute water loss?” (see Appendix 4), and the hard copy worksheets,
showed that many large utilities will need to make a significant changes and upgrades
in their procedures to shift toward a more structured approach to water loss accounting.
In reality, most utilities of all sizes will have to refocus their priorities to this area.

Recommendation: There must be uniform standards of terminology, computing,
interpreting, reporting, and analyzing any data done through a water audit.

A primary method to disseminate and ensure that there is widespread
acceptance of the standardized procedures should be through education and training
that targets water loss accounting and improved loss control. When audit requirements
are set, the TWDB should work with the water industry including the Texas Section
AWWA, Texas Engineering Extension Service (TEEX), and the Texas Rural Water
Association (TRWA) to develop training classes specifically related to this area. This
training should include development of consistent approaches and education centered
around performing water audits and interpreting the results to improve the water
accountability of the utility. It should begin with the basics and include such topics as:

o How to measure water lost through leaks
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Estimating water use in system flushing

Determining water use in fire flow activities
Determining other non-metered water uses
Recognizing and making adjustments to water supply amounts

Education in the practices of water loss control should also be a focus of training.
There should be increased emphasis on and training for water utility managers and
operators in:

Regular, on-going leak detection.

Improved response time for leak repair,

Cost effective programs for meter testing and replacement.

Regular and on-going system maintenance and rehabilitation.

The techniques of pressure management to reduce losses and leaks.

The techniques of flow analysis to determine problem areas within the

system.

Indications are that the AWWA committee in revising the Water Audit Manual

M36 will recommend using the IWA or closely related audit methodologies.

This

method, outlined in more detail earlier in the Background Section, starts with a top down
analysis and then is followed by a bottom up approach to address both real and

apparent losses discovered in the top down analysis.

INTERNATIONAL STANDARDS FOR WATER AUDIT FORMAT

Own
Sources

Water
Imported

System
Input
(allow for
Known
Errors)

Water
Exported

Water
Supplied

Authorized
Consumption

Billed

Billed Water Exported

Water Losses

Authorized R@/etnue Billed Metered Consumption
. ater
Consumption Billed Unmetered Consumption
Unblll'ed Unbilled Metered Consumption
Authorized
Consumption Unbilled Unmetered Consumption
Unauthorized Consumption
Apparent
Losses Non- Customer Metering Inaccuracies
Revenue and Data Handlin Error
Water Leakage on Mains
Leakage and Overflows at Storage
Real Losses

Leakage on Service Connections
up to Point of Customer Metering

Source: Performance Indicators for Water Supply Systems, 2000, IWA Publishing

The procedures for performing a water audit and the various indicator
calculations may seem to be complicated and time consuming. And, compared to the

current degree of analysis many utilities are doing today they are.

It is probably not

realistic to expect the smaller sized systems to perform the sophisticated audit
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methodologies completely. However, the principles and concepts are good for systems
of all sizes and all will improve their water audit methodologies and subsequent water
savings by implementing them all or parts of the fundamental procedures.

Large systems (greater than 100,000) should be encouraged to begin
implementation of all IWA/AWWA audit methodologies within one year after the
AWWA Water Loss Committee issues the revised M36 Manual. Annual audits. .
Systems with service populations of 50,000 to 100,000 should adopt a modified
approach and at least do top down water audit that addresses both real and
apparent losses each year. The every fifth year audit should include a
discussion of measures taken to address problems.

Systems from 10,000 to 50,000 should be required to do a top-down audit each
year. The every fifth year audit should include a discussion of measures taken to
address problems.

All smaller systems should be required to keep water use records consistent with
a top down format. The every fifth year audit should include a discussion of
measures taken to address problems.
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APPENDIX 1: Data Tables
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Table A-1

What is the system's water loss as a percentage of total water entering the system?

Population: | 500-3300 3,301-10,000  10,001- 50,001- 100,000+  TOTAL
50,000 100,000
X > 25% 8.5% 7.7% 7.3% 7.1% 7.1% 8.0%
25% > x>20% | 11.1% 9.0% 4.9% 7.1% 0.0% 9.0%
20% >x>15% | 15.7% 15.4% 22.0% 7.1% 0.0% 15.3%
15% > x> 10% |  17.6% 24.4% 39.0% 7.1% 35.7% 22 7%
10% >x>5% | 20.9% 21.8% 19.5% 50.0% 50.0% 23.7%
X < 5% 11.8% 10.3% 2.4% 21.4% 7.1% 10.3%
Don't calculate |  12.4% 10.3% 2.4% 0.0% 0.0% 9.3%
?'eiﬁon donte 2.0% 1.3% 2.4% 0.0% 0.0% 1.7%
N 153 78 41 14 14 300
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Table A-2

Do you perform a water audit or otherwise calculate or perform water loss
or water accountability analyses for your water utility system?

Pooulation: 500-3,300 3,301-10,000 10,001- 50,001- 100,000+ TOTAL
ropuiation. 50,000 100,000
Yes 69.9% 78.2% 75.6% 92.9% 85.7% 74.7%
No 19.0% 16.7% 7.3% 0.0% 14.3% 15.7%
Sometimes, but not on 9.8% 3.8% 171% 71% 0.0% 8.7%
an annual basis
Non-respondents 1.3% 1.3% 0.0% 0.0% 0.0% 1.0%
N 153 78 41 14 14 300
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Table A-3

Do you perform a water audit or otherwise calculate or perform water loss

or water accountability analyses for your water utility system?

Tvpe: Municipalit Water sz_atelr Investor Federal, State, TOTAL
~Ype. AUNICIRANY  Bistrict SUPDLY Owned Utility or County —
=  Corporation
Yes 68.2% 92.9% 83.8% 76.9% 12.5% 74.7%
No 15.9% 7.1% 11.3% 23.1% 87.5% 15.7%
Sg;?:t'mes’ but not on an annual 146%  0.0% 3.8% 0.0% 0.0% 8.7%
Non-respondents 1.3% 0.0% 1.3% 0.0% 0.0% 1.0%
N 157 42 80 13 8 300
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Table A-4

Is there a special format or worksheet used to do this?

- 00- 3.301- 10.001-  50.001- 100,000+  TOTAL
Population: 3 300 10,000 50,000 100,000
Yes 30.0% 35.9% 36.6% 28.6% 64.3% 34.0%
EISérZLtjitng?edpoo:-tt:S partofour | 44 5o, 38.5% 31.7% 42.9% 14.3% 37.7%
V’\\'/grizﬁg';'tc format or 23.5% 24.4% 22.0% 28.6% 71% 23.0%
Non-respondents 5.9% 1.3% 9.8% 0.0% 14.3% 5.3%
N 153 78 41 14 14 300
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Table A-5

Is there a special format or worksheet used to do this?

Water Water Investor Federal
Type: Municipality Mt Supply Owned State, or TOTAL
—_— Corporation Utility County
Yes 31.8% 40.5% 38.8% 23.1% 12.5% 34.0%
No, but we do it as part of o o o o o o
our operating reports 31.2% 47 .6% 45.0% 53.8% 12.5% 37.7%
\’;‘/g;ﬁﬁgg‘f format or 29.3% 9.5% 13.8% 23.1% 62.5% 23.0%
Non-respondents 7.6% 2.4% 2.5% 0.0% 12.5% 5.3%
N 157 42 80 13 8 300
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Table A-6

Would you use a standardized water audit worksheet if provided one?
Type: Municioalit ﬁ Vg:itrero?:t[i)c?r:v Invesﬁ)ywned Fegreglj,u?]iate, TOTAL
Yes 78.3% 66.7% 72.5% 53.8% 50.0% 73.3%
No 17.8% 23.8% 18.8% 46.2% 50.0% 21.0%
Non-respondents 3.8% 9.5% 6.3% 0.0% 0.0% 5.0%
N 157 42 80 13 8 300
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Table A-7

Would you use a standardized water audit worksheet if provided one?

Population: 500-3,300 3,301-10,000 10,001-50,000 50,001-100,000 100,000+ TOTAL
Yes 68.6% 74.4% 85.4% 92.9% 64.3% 73.3%
No 24.2% 20.5% 9.8% 7.1% 35.7% 21.0%
Non- [s) [s) 0 0 0 0

5.9% 5.1% 4.9% 0.0% 0.0% 5.0%
respondents
N 153 78 41 14 14 300
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Table A-8

Which best describes the typical water audit or water loss calculation or analysis procedure?
) L Water Water Supply Investor Owned Federal, State, or
Type: Municipality District Corporation Utility County TOTAL

The difference between total
water sales at the customer
meters and the total water 35.7% 35.7% 38.8% 84.6% 0.0% 37.7%
supplied to the system is the
water loss.
The water loss is the
difference between total water
sales plus some other 39.5% 42.9% 37.5% 7.7% 0.0% 37.0%
metered or unmetered water
uses and the total water
supplied to the system.
Water loss is based on a
detailed water use audit that
includes all metered water 14.0% 21.4% 17.5% 0.0% 0.0% 15.0%
uses and all other identified
water uses.
Do not know exactly whatisin| g 7o, 0.0% 2.5% 7.7% 75.0% 6.0%
the water loss calculation.
Non-respondents 5.1% 0.0% 3.8% 0.0% 25.0%
N 157 42 80 13 8 300
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Table A-9

Identified water use other than metered sales to customers included in current water use analysis

Federal
) . Water Water Supply Investor Owned

Type: Municipality District Corporation Utility Sé?)tfr;t?/r TOTAL
Fire department, including either | g5 g0/ 57 190 63.8% 23.1% 250%  61.7%
fire fighting or hydrant testing
g‘jﬁﬁz tf;“g:ie of water lost 605%  571%  75.0% 53.8% 62.5%  64.0%
Routine line flushing 72.0% 83.3% 90.0% 61.5% 62.5% 77.7%
Sgr']‘;t"r"jgteigrfa'es’ including 459%  23.8%  27.5% 0.0% 00%  35.0%
Municipal uses, such as parks,
street medians, sewer or street 58.6% 9.5% 3.8% 0.0% 25.0% 33.7%
cleaning
ang:_‘;’:gflv‘fgfhﬁ;‘;rsgfkﬁg's‘h 395%  38.1%  37.5% 7.7% 375%  37.3%
Other water uses (fill in the blank) 7.0% 14.3% 6.3% 7.7% 12.5% 8.0%
None of the above 14.0% 9.5% 7.5% 30.8% 25.0% 12.7%
Non-respondents 3.2% 0.0% 0.0% 0.0% 12.5% 1.0%
N 157 42 80 13 8 300
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Table A-10

If answered "none of the above" for the last question,
what are the reasons for not including additional water uses in the analysis?

Population: 00- 3,301- 10,001- 50,001- 100,000+ TOTAL

ropuiation. 3,300 10,000 50,000 100,000
Do not have the time or resources 6 0 3 0 1 10
available to collect additional uses
Do not have any significant water 7 5 > 0 > 16
uses other than metered sales
Billing program only accounts for 7 5 > 0 > 16
all metered water uses
Do.not know how to accurately 5 1 0 0 1 7
estimate other water uses
Non-respondents 1 1 0 0 0 2
TOTAL 21 8 5 0 3 37
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Table A-11

If answered "none of the above" for s2q6, what are the reasons for not including additional water uses in the
analysis?
) T — Water Supply Investor Owned Federal, State, or
Type: Municipality =~ Water District Corooration Utilit Count TOTAL
Do _not have the time or resources 7 1 0 o 0 10
available to collect additional uses
Do not have any significant water 8 3 4 1 0 16
uses other than metered sales
Billing program only accounts for 12 o o 0 0 16
all metered water uses
Do_not know how to accurately 5 0 0 1 1 7
estimate other water uses
Non-respondents 1 0 0 0 1 2
TOTAL 22 4 5 4 2 37
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Table A-12

Please check any of the following that you calculate in your current water audit or water use analysis

procedures:
Percent Number

Water use and water loss broken out by individual pressure 9.0% 27
zones
Water use ar_1d water Ioss. by .different classes of customers 10.7% 32
(i.e. residential, commercial, industrial, or other)
Water use or water loss by different geographical zones or areas 5.0% 15
Water use or water loss by night flows 0.03% 1
Water use or water loss by seasonal periods 6.7% 20
Water loss on a per unit (per foot, mile, etc.) of distribution system 1.7% 5
Only the system as a whole 69.3% 208
None of the above 8.3% 25
Non-respondents 3.3% 10
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Table A-13

How do you use the results of the system water use calculations or analysis?

Percent Number

t(.r‘,]zr:pi):rpea’;c; S:rs;g ;e;sults to see if they are better or worse 67 4% 202
Compare the results to general benchmarks for % water loss | 38.3% 115
Just enter them into the records 11.0% 33
None of the above 6.6% 20
Non-respondents 4.0% 12
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Table A-14

Do you think your current method of calculating water loss fairly and accurately
reflects the amount of "water loss" in the system?
Population: 500-3,300 3,301-10,000  10,001-50,000 50,001- 100,000+ TOTAL
100,000

Yes 63.4% 74.4% 80.5% 57.1% 85.7% 69.3%
No 11.8% 11.5% 12.2% 35.7% 7.1% 12.7%
Do not know 19.0% 10.3% 7.3% 7.1% 7.1% 14.0%
Non-respondents 5.9% 3.8% 0.0% 0.0% 0.0% 4.0%
N 153 78 41 14 14 300
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Table A-15

Do you think your current method of calculating water loss fairly and accurately reflects the amount of
"water loss" in the system?

Type: Municipality Water District %ﬁ%\é Investor Owned Utility Federal, State, or County = TOTAL
Yes 66.9% 83.3% 73.8% 69.2% 0.0% 69.3%
No 14.6% 11.9% 11.3% 0.0% 12.5% 12.7%
Do not know 14.0% 4.8% 10.0% 30.8% 75.0% 14.0%
Non-respondents 4.5% 0.0% 5.0% 0.0% 12.5% 4.0%
N 157 42 80 13 8 300
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Table A-16

Please check all that apply to your use of leak detection equipment:

) CL I Water Supply |Investor Owned| Federal, State,
Type: Municipality| Water District Corooration Utilit or Count TOTAL

x\(/aeeg;vdn our own leak detection equipment and use it as 27 4% 21 4% 11.3% 0.0% 12.5% 20.7%
We rent or borrow leak dgtectlon equipment from TWDB 7 6% 7 1% 6.3% 15.4% 0.0% 7 3%
or other sources and use it ourselves.

We contract with a professional leak detection firm to do

leak detection on our system using specialized 14.0% 9.5% 5.0% 0.0% 0.0% 10.0%
equipment.

The TWDB (or pther agency) came out and trained us to 3.29% 4.8% 3.8% 77% 0.0% 3.7%
use leak detection equipment to survey our system.

We use the free leak detection available from the TWDB. 1.9% 71% 11.3% 7.7% 0.0% 5.3%
\é\(/qeugcr)nsecr)jrtniz 1:chs>vevdtests, but no mechanical or electronic 7 6% 9.5% 10.0% 15.4% 0.0% 8.7%
We havg not performed any speqlallze_'d leak detection 50.3% 47 6% 58.8% 61.5% 62.5% 53.0%
with equipment or flow testing to identify leaks.

Other (fill in the blank) 3.2% 0.0% 7.5% 7.7% 25.0% 4.7%
Non-respondents 7.0% 11.9% 8.8% 0.0% 12.5% 8.0%
N 157 42 80 13 8 300
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Table A-17

Does the utility have any specific programs or procedures to fix leaks on the customer

service lines?

Percent Number
Yes 9.0% 27
No 90.0% 270
Non-respondents 1.0% 3
N 100.0% 300
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Table A-18

With regard to meters at the plants and within the system, do you currently have:

Water  Water Supply Investor Federal,
Type: Municipality District Corporation pred State, or TOTAL
Utilit County
Regular meter calibration and
Eiensg:zgiﬁ;t:vzlfr;a;gfsnitffjc"'“es 62.4% 69.0% 46.3% 308%  12.5%  56.3%
groundwater user)
feiﬁ'ggéin%“nsttg?;‘;;ﬁ;er 75.2% 78.6% 73.8% 769%  25.0%  74.3%
Non-respondents 7.0% 4.8% 15.0% 15.4% 62.5% 10.7%
N 157 42 80 13 8 300
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Table A-19

Do you keep an organized repair log? / Mark all that is included in the repair log.

Population: 500-3,300  3.301-  10.001-50.000  50.001-  100.000+ TOTAL
10,000 100,000

Pin or marked maps that visually 6.5% 10.3% 31.7% 28.6% 643%  14.7%
show problem areas
Classify leaks based on size and 12.4% 19.2% 43.9% 35.7% 64.3%  22.0%
location
Nature and cause of the leak 19.0% 28.2% 34.1% 50.0% 64.3% 27.0%
E;F;fsmate”a' and replacement 22.2% 32.1% 56.1% 78.6% 786%  34.7%
Estimate of water lost during repair 26.8% 32.9% 51.2% 28.6% 42.9% 32.7%
Do not have a leak log or keep 46.4% 41.0% 14.6% 14.3% 143%  37.7%
specific repair records
Other (fill in the blank) 13.7% 10.3% 7.3% 0.0% 21.4%  11.7%
Non-respondents 15.7% 1.3% 2.4% 0.0% 0.0% 8.0%
N 153 78 41 14 14 300
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Table A-20

Do you keep an organized repair log? / Mark all that is included in the repair log:

_ Municipality Water District Water Su;_)plv Investo_r_Owned Federal, State, or TOTAL

Type: Corporation Utility County EEE—
pin or marked maps that visually 22.3% 7.1% 5.0% 15.4% 0.0% 14.7%
show problem areas
gizfigleaks based on size and 30.6% 16.7% 11.3% 7.7% 12.5% 22.0%
nature and cause of the leak 30.6% 23.8% 20.0% 30.8% 37.5% 27.0%
pipe material and replacement parts 39.5% 35.7% 26.3% 30.8% 25.0% 34.7%
estimate of water lost during repair 26.8% 47.6% 41.3% 23.1% 0.0% 32.7%
do not have a leak log or keep
specific repair records 34.4% 42.9% 37.5% 53.8% 50.0% 37.7%
other (fill in the blank) 10.8% 16.7% 11.3% 15.4% 0.0% 1.7%
Non-respondents 8.9% 2.4% 8.8% 0.0% 12.5% 8.0%
N 157 42 80 13 8 300
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70.0%

60.0%
50.0% O Compare to past results to see if they are
better or worse than in past periods
l Compare the results to general benchmarks
40.0% for % water loss
O Just enter them into the records
30.0% O None of the above
20.0% | H non-respondents
10.0%
0.0%
How do you use the results of the system water use calculations or
analysis?
O Water use and water loss broken out by
individual pressure zones
70.0%
W Water use and water loss by different
classes of customers (i.e. residential,
60.0% comm., ind., or other)
O Water use or water loss by different
geographical zones or areas
50.0%
O Water use or water loss by night flows
40.0%

Please check any of the following that you calculate in your current water
audit or water use analysis procedures:

Wl Water use or water loss by seasonal periods

O Waterloss on a per unit (per foot, mile, etc.)

of distribution system

H Only the system as a whole

O None of the above

M Non-respondents
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APPENDIX 2: Written Responses to Questions
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Appendix 2

The following are the written responses to Open ended or Fill-in-the-blank survey

questions.

Section I, Question 6: Mark all identified water uses, other than metered

sales to customers, included in your water use analysis.

“Other”:

Category

Pop: 1,934 District Adjustment of master
meters.

Pop: 2,896 Municipal City Pool

Pop: 65,000 Municipal Flushing of line
extensions.

Pop: 8,000 WSC Hays & County Water
Trucks

Pop: 2,889 WSC Instrumentation

Pop: 3,293 Other Landscaping,
agricultural, sanitation

Pop: 31,880 Municipal Line installed /
repaired

Pop: 62,350 Municipal Due to non-payment
by customers

Pop: 5,196 Government | Main Breaks

Pop: 87,227 Municipal Meter Inaccuracy

Pop: 1,188,580 | Municipal Meter testing unbilled
municipal use

Pop: 6,450 Municipal Periodic tank
overflows

Pop: 4,935 WSC Sale to another
provider

Pop: 1,446 Municipal Sewer plant in use

Pop: 3,192 District Swimming pool

Pop: 7,215 Municipal Unaccounted for

Pop: 5,500 District Wash Down

Pop: 7,200 WSC We just try to make a
note.

Pop: 5,475 District Well Flushing

Pop: 22,830 District Well Flushing

Pop: 840 District Well flushing
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Section Il, Question 11: Check all Training Resources or other resources
that you have relied upon for information and procedures for determining
and evaluating water loss and water use information: Category “Other”.

Customized computer program

Finance Director

Flush meter back wash

Information entered on Texas Water Development Board Annual Survey
Past manager’s procedures

Resources on the internet

Small system

Water Conservation Annual Report

Wholesale Water Works Supply Co

Section Il, Question 12: Briefly describe the procedures you use to
calculate of determine water loss and water use:

Pop: 6,447 | District (total water billed to customers)+
(identified losses)/water pumped from
wells

Pop: 1,506 District (Total water metered)+ (identified
losses)/total water pumped from wells

Pop: 3,045 |WSC (Water sold plus estimated loss due to

leaks & flushing) divided by (water
pumped plus water purchased)

Pop: 7,140 | District 1. Add last yr total pumpage. 2. Add last
yr total water sales.

3. Add last yrs. Total non-sale water
usage. 4. Subtract 2 & 3 from 1. 5. Total
loss

Pop: 5,196 | Government | 1. Compare water production to metered
sales. 2. Account for water used for
routine flushing. 3. Account for water
used to flush water repairs. 4. Account for
water used to hydrant flushing. 5.
Estimate for water lost in leaks.
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Pop: 2,325 | Municipal 1. Leak Audit 2. Leak repair summaries 3.
Leak detection Survey Daily log 4. New
meter installation( due to dead meters 5.
Line flushing water use (not metered) 6.
Water for Fire fighting & training ( not
metered) 7. Charts of determine water
loss ( flow)

"1. Total Monthly Production & Sales from
Pop: 650 master meters and customer meters. 2.
Calculate Gross Loss. 3. Calculate other
known user, ie: plant use, line flushing,
fire department use, etc...4. Calculate
adjustment for meter accuracy based on
age of meters

Pop: 1,308 | District 1.Collect information on leaks and repairs
during reporting period, 2.Collect
Information on line flushing and tank
overflowing. 3.Subtract water sold from
water produced. 4.Subtract estimated
gallonage from leaks, main breaks,
flushing, and tank overflow

Pop: 2,896 | Municipal A. Total gallons pumped for months 15th
to the 15th B. Total gallons billed to
customers for the month Subtract B from
A A-B=C ( your systems total loss in
gallons) (C/A) * 100 = 5 water loss

Pop: 1,377 Above average use of metered water

, from wells during leak

Pop: 25,515 | Municipal Acquire water produced form monthly
reports

Pop: 7,271 Municipal Add gallons billed with hydrants flushed
and direct water sales then subtract from
total gallons pumped

Pop: 8,000 |WSC Add total pump usage & purchase of
water, less water sales, less all know
unbilled water, what is left is unknown
loss
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Pop: 936 Municipal Added all water pumped in 1,000 gallon
measurements (owned & bought) less
billed pumpage, less water vendor
pumpage, less misc. metered sold, less
est. loss through hydrant flushing and
water ground storage draining for
cleaning
Pop: 1,320 | Municipal All information is entered into a computer
program that calculates the loss as part of
a director's report
Pop: 22,860 | Municipal All known usage i.e. purchase or facilities
fire usage and flushing are subtracted
from the yearly pumpage which comes
from a flow meter totalizer. The difference
is considered water loss.
Pop: 2,337 |WSC All water is metered. Water sold is
subtracted from water pumped total
minus flushing & fire loss.
Pop: Municipal All water operations divisions’ purification,
1,188,580 pumping, distribution, as well as waste
water collection and fire department
provide monthly work sheets with
unmetered losses. Billing records provide
billed information and metered but
unbilled.
Pop: 1,116 | Municipal Amt of water sold is divided by the amt of
water pumped for a 30 day period
coinciding with billing cycle. A % is
derived in gallons of water loss.
Pop: 3,192 | District Any water not billed for that was

. produced is calculated as water loss. All
metered sales are considered water use
Pop: 1,500 |WSC As a part of monthly director's report,
water sold through meters, est. water loss
from leaks, water flushed for air & dead
ends.
Pop: 1,059 | WSC At end of Billing cycle rpt is created for
total water billed, all meters read even
turned off meters, all flush valves have a
test meter use to calculate flow. Leaks
are est. by size, time of leak, subtract
water used from water produced check
daily prod
Pop: 735 Municipal Billing program calculates water loss
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Pop: 1,446 | Municipal Calculate water prod -total from daily log
. & subtract metered water & other known

amts

Pop: 9,987 | Municipal Calculate water pumped and subtract

water sold = water lost

Pop: 14,862 | Municipal Calculated GPM/size of break

Pop: 10,193 | Municipal Compare annual amount pumped less
amount billed from billing program for
annual person

Pop: 3,349 | Municipal Compare diff between water purchased &
water sales metered.

Pop: 4,260 | District Compare gallons billed to purchase w/
consideration for unbilled meters.

Pop: 70,850 | Municipal Compare monthly water purchase to
water metered. Difference is water loss.

Pop: 780 WSC Compare total water sales to total

metered water for that month.. Take into
acct for old meters not registering
correctly. Volunteer fire dept. is allotted
20,000-30,000 gal. per month.

Pop: Municipal "Compute total production (water
127,427 purchases plus metered groundwater
production), Compute accounted for
water (all metered water sales plus uses
documented by water maintenance
division - leak estimates, W/W flushing,
dead-end flushing, etc), Review
unaccounted for water (total gallons,
percentages of the system, review trends,

etc)
Pop: 3,393 | District Computer Billing Program
Pop: 3,176 District Computer meter reading entries note

increases/decreases per account.
Computer end of the month report leak

detection
Pop: 816 WSC Computer print out of Director's report
Pop: 516 Government | Computer program compares total water

produced with total water sold
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Pop:

34,575

Municipal

Customer meter are read monthly and
production meter are daily. All metered
consumption and other known loses are
subtracted from total pumpage

Pop:

3,800

Municipal

Daily loss and monthly reports

Pop:

2,475

District

Daily master meter reading less filter

backwash use, less est. known leaks,
less est. use flushing lines, less water
sold.

Pop:

664

Municipal

Daily worksheets write down meter
readings at all three wells and calculate
water usage

Pop:

3,429

WSC

Determine water purpose by wells from
daily well reports

Pop:

28,520

Municipal

Difference in production and metered
sales taking into account water used in
surface water production. Line flushing,
well testing.

Pop:

20,000

Municipal

Divide gallons billed through billing
system by gallons produces for the
approximate billing cycle

Pop:

3,003

District

Divide total purchased and pumped water
into difference between that and billed
water total.

Pop:

4,816

Other

Don't do water loss

Pop:

2,889

WSC

Each month after meters are read, the
amount of water sold, plus known leaks,
overflows, backwash water, and water
sent through on line analyzers is
compared to raw water and distribution
water metered for roughly the same
period. The difference is unaccounted for
water.

Pop:

2,478

Municipal

Enter water produced subtract line
flushing, fire dept use then divide that
figure into amt of water sold to get % loss
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Pop: 8,886 | Municipal Estimate water lost through meter leaks,
service leaks, main breaks, flushing fire
hydrants, street sweeping, sewer
cleanings, watering trees @ park
Pop: 2,745 | District Figure difference in master metered
pumpage and gallons registered on
customer meters and estimated amount
for flushing and fire protection. Fire
department sometimes gives monthly
totals based on how many times they fill
their pumpers and tankers.
Pop: 4,737 | WSC From master meter to # of service
connections getting total also if there are
any water also if break in the pressure
zone what size line and pressure and
how long leak was running.
Pop: 1,269 |WSC Gross water purchased by meter loss
gross water sold for same date meter
readings. Loss allowances for flushing,
leaks, fire usage etc. equals net loss.
Pop: 867 Government | Have one employee who reads the
meters daily and sample the water. Our
DOS billing program shows water billed,
monthly. Difference between the two is
our water loss.
Pop: 7,200 Municipal | get data on total gallons pumped into
distribution from SCADA report on a
single distribution meter. Sales come
from residential and business meter
reading billing reports plus | add bulk
water sales (metered).
Pop: 4,377 | District | receive a statement from billing on
customer usage, corrections in billing,
over-read, under read meters. | then use
my daily pumpage reports to add up the
water pump daily. Then calculate the % of
accountability
Pop: 540 Municipal | take the total number of gallons pumped
. at the wells and subtract the estimated
totals of water loss from leaks and water
used at wastewater treatment plant.
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Pop: 3,618 |WSC | take the water pumped & water sold
subtract get the water lost then subtract
the water.

Pop: 2,732 | Municipal | take the water sold to all our customers
and the total water we pump and
purchase and divide the water pumped
and purchased into the water not
accounted for to get the percentage

Pop: 3,584 | Municipal | total up the total surface water produced
less the total volume sold.
Pop: 1,100 Municipal | use master meter reading at our station

for total water pumped. Then we read
every meter in town for water sales. | then
compare meters pumped to water sold.
Pop: 4,203 | Other Keep track of the use by master meters
that are part of the SCADA system.
Figure out the difference between what
was billed and what was pumped. Master
meters are tested annually by a
professional technician. Water loss
report. Please see attachment.

Pop: Municipal Known flow rates times amountt of time
209,030 water is known to have run= lost gallons.
Pop: 3,462 |WSC Length of time (hours) pumped by 60

minutes by 60 seconds divided by
seconds it takes to pump 1 gallon

Pop: 1,188 | District Loss=water pumped from wells-water
metered-water flushed

Pop: 894 Master meters @ 2 points

Pop: 1,935 |WSC Master meters are read at the same time

the customers meter are read. These
figures are entered into the system totals
in our billing programs. Each master
meter loss if figured then re-entered into
the computer for the director's report
which shows overall usage
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Pop: 5,064 | Municipal Monthly pumpage compared to gallons
through all commercial, residential and
city owned meters

Pop: 726 WSC Monthly readings of customer meter
reading and well pump meter readings
are entered into a computer using RVS
utility billing system software.

Pop: 2,667 | Government | Monthly: Reading from well meters are
compared with customer meters.
Computer does math and determines %
water loss.

Pop: 9,924 | WSC Our engineers gave us a computer
program. We enter the usage and sold
and the computer calculates the water

loss

Pop: 13,575 | Municipal Plant Prod minus retail , wholesale, bulk=
loss

Pop: 14,170 | District Production less metered, flushing, leaks,
backwash

Pop: 1,710 | Municipal Pumpage, sales, city use, leaks/flushed
divide pumpage =unaccounted

Pop: 3,162 | District Pumped versus billed, estimate water

loss on leaks, backwash water on filter,
monthly flushing

Pop: 8,132 | Municipal Purchased water + pumped water -
metered water = water loss

Pop: 800 Municipal Purchases - sales divided purchase x 100
= % loss and unaccounted for

Pop: 610 Municipal Read all meters and use total sales of

vending machine, calculate leaks and
compare to total pumpage

Pop: 1,599 | Municipal Record water sale, record daily master
meter reads
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Pop: 750

WSC

Records of gallons sold. Records of
gallons pumped. Keep a log of leaks and
flushing

Pop: 550

WSC

RVS Program

Pop:
2,700,000

Municipal

See page 5 of 15 #5 The water loss is the
difference between total water sales plus
some other metered or unmetered water
uses and total water supplied to the
system

Pop: 3,000

WSC

Software program calculated water loss

Pop: 750

South Texas Water Authority's Regional
System is basically a "closed" system that
has transmission lines to 9 customers.
Water metered going "in" to the system at
the meter located at the O.N. Stevens
Plant (City of Corpus Christi) is compared
on a daily

Pop:
718,612

Municipal

Spreadsheet emailed directly to George
Freitag 4/1/2004, "TWDB Loss
032004 .xlIs"

Pop: 65,000

(BTU) and

Municipal

Start with our High-Service production
(Water Pumped) and subtract the
accounted for water loss from it. This
gives us a water available for sale figure.
We then get the water sold from our
billing department subtract it from our
water availability

Pop: 3,678

WSC

Subtract gallons sold & get est. leak loss
gallons pumped & flushing

Pop: 1,914

Municipal

Subtract metered & unmetered water
from total water pumped

Pop: 8,211

Municipal

Subtract metered water sales from annual
production

Pop: 23,718

District

Subtract metered water use, hydrant
flushing and estimated leaks from
Monthly Water Pumpage

Pop: 1,410

Municipal

Subtract the total consumption that was
billed subtract the city use from the
production of the wells.

Pop: 4,350

District

Subtract water sold from water pumped
then we divide water loss by water
pumped times 100
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Pop: 618 Municipal Take meter reading @ master meter daily
go from consumer read date to consumer
read date for amt sold on master meter &
deduct amt billed to consumer then
calculate approximate loss.
Pop: 1,905 |WSC Take meter reading at plant monthly and
add estimates of flushing, leaks and
compare to water sales
Pop: 6,978 Municipal Take monthly pump records on water
bought. Obtain report from finance office.
Total all sales to retail, wholesale, comm.
Add metered water that goes to city
functions. Subtract the total form water
purchased for water loss amt.
Pop: 2,403 Municipal Take monthly treated water from plant

. minus water billed total's, est. leak loss,
flushing total, bulk water add, fire hydrant
used by Fire Dept the diff would be water
loss
Pop: 615 Government | Take the total of water produced by the
well as measured by the utility's meter.
Subtract the total water sold/billed as
measured by customers’ meters. This
difference gives you the amount of
gallons lost. To find % we divide the
water loss by water production
Pop: 5,868 | Municipal Take total water billed (metered &
unmetered) + estimated consumption,
then divide by total water supplied.
Pop: 8,499 | Municipal The city goes by what meter [?777]

Pop: 1,461 Municipal The city secretary uses a computer
program to calculate water loss
Pop: 9,000 | Municipal The difference between total purchased

and total water sales is the water loss. As
of Oct. 1, 2003 we are keeping records of
estimates of water used flushing mains
and lost as result of water leaks.

Pop: 3,117 | District The difference between total sales
supplied at the meter and the total gallons
pumped. Also taken into account is water
used flushing and leaks.
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Pop:

500

Municipal

The difference between water sales and
water supplied, taking into consideration
the amount used for flushing lines

Pop:

4,893

District

The district meters water production,
sales and filter backwash. Water sales
and backwash usage are subtracted from
production to determine loss.

Pop:

513

WSC

The only water loss we have is when |
flush lines or we have a leak. Our lines or
from 1" to 4". The meter we use is
determine by our master meters.

Pop:

2,061

WSC

The procedure is generated by a
computer.

Pop:

12,798

Municipal

The water loss is the difference between
total water sales plus some other metered
or unmetered water uses and the total
water supplied to the system.

Pop:

950

District

There is a meter at every well and a
master meter at every pump station.
Master meter is read every day and
recorded. At the end of each month the
master reading is compared to gallons
billed.

Pop:

1,018

Municipal

These figures are included in the City's
annual audit performed by a consultant in
Frisco, TX.

Pop:

615

Government

To determine water use, we calculate the
total water bills 2. To determine water
loss, we subtract water billed from water
supplied.

Pop:

2,000

Municipal

To take water sales from purpose from
wells and purchase of treated lake water.

Pop:

42,298

Municipal

Total amount of water billed + hydrant
flushing + main flushing + backwashing +
chemical plant water + distribution leaks +
lab. Water divided by water pumped.

Pop:

3,760

Municipal

Total amt of metered water sold is added
w/ known unmetered uses & is subtracted
from the total amt of water pumped into
the system.

Pop:

56,250

Municipal

Total billed water sales + metered un
billed usage + water usage less water
purchases from TRA & Fort Worth

Pop:

1,569

Municipal

Total ground water intake, total water sold
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Pop:

25,482

Municipal

Total of all metered sales plus
quantifiable but unmetered uses divided
by total water produced.

Pop:

5,500

District

Total production surface less sold & other
known consumption

Pop:

2,286

WSC

Total pumpage minus meter use sales
minus metered flushing, minus volunteer
fire dept. usage equals loss.

Pop:

4,400

Municipal

Total pumped wells minus.actual billed
gallons minus 10% for inaccurate meters
minus gallons for flushing and leaks =
total unaccountable water

Pop:

4,215

WSC

Total pumped, total sold, accountable
loss, unaccountable loss, water loss %.

Pop:

3,200

Municipal

Total raw water-water pumped to
distribution=plant loss water pumped to
distribution- total water sales= dist. Loss

Pop:

2,937

Municipal

Total water bought, total water sold, Est.
none meter and municipal usage

Pop:

270,000

Municipal

Total water entering water treatment
facility less total metered water sales.

Pop:

10,701

District

Total water produced (metered), Total
water sold (metered), Total identified and
estimated losses, Total amount of lost
water, loss %, number of leaks repaired
on system and service connections.

Pop:

3,095

District

Total water produced minus estimated
water used for flushing and fire
department use divided into water sold.
Our billing programs figures the loss and
provides a comparison.

Pop:

201,855

Municipal

Total water production - total water sales
= water loss

Pop:

759

WSC

Total water production metered at both
well # 1 and well #2 minus total water
sold to customers unaccounted for water
is then divided by water production times
100 equals percent of water loss.
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Pop: 1,446 |WSC Total water pumped minus total water
sold -fire & line flushing= total water loss
divide total water loss into total water
pumped= water less %.
Pop: 4,725 | WSC Total water pumped minus water sold add
. in water use at sewer plant, report from
fire dept. estimates of leaks(written )
flushing etc
Pop: 2,200 WSC Total water purchased is reduced by
metered usage, flushing, and overflows.
The remaining gallons constitute water
loss.
Pop: 10,758 | District Total water sold-metered total water
pumped into system water used for
flushing lines total water leaks and
amount of time line was leaking
(estimated) water used to refill storage
tanks.
Pop: 5,905 | Other Total water supplied to the system minus
total water sales we include unmetered
water uses: Ex: Fire Department use,
sewer line cleaning, etc.
Pop: 3,000 | Other Total water use in CCF x 748.1

Pop: 1,095 |WSC Total well prod is compared to total
metered sales. Other usage is from line
breaks, leakage, maintenance.

Pop: 14,579 | Municipal Total well pumpage minus the total
metered water sales equals the total
water loss. This is done on a monthly
basis.

Pop: 4,149 | Municipal Use 12 month moving average with
purchase water vs. meter sales all taps
are metered.

Pop: 4,236 | WSC Use leak report

Pop: 2,946 Municipal Use the consumption number off the
monthly billing service recap. & divide
that by the monthly total pumpage
amount off the monthly report.

Pop: 32,000 | Municipal Utility billing provides water sold. System
flushing is estimated. Water pumpage is
calculated. The % loss is determined.
Pop: 693 District Water billed is compared to water
pumped into the system on a monthly
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basis and compared to prior periods

Pop:

4,639

Water is calculated by meters and logged
on a daily basis.

Pop:

21,033

Municipal

"Water is purchased through a single
meter, read daily.

Pop:

24,033

Municipal

Water is purchased through a single
meter, read daily. Purchased water -
(customer meter readings & known loss /
Purchased Water

Pop:

825

WSC

Water loss is determined by the diff
between the master meter on the well &
water is metered when sold to customer.
Water loss is due to leaks.

111,

Pop:

800

Municipal

Water loss is the difference of water
purchased and water billed including
internal uses. All metered and unmetered
water usage is used for this calculation.

Pop:

1,860

Municipal

Water metered vs. water pumped

Pop:

642

WSC

Water operator needs master meter daily
and keep records at end of month.

Pop:

2,860

District

Water operators log non metered usage
including flushing, leaks, or any other non
metered usage on flushing report. | key
this data into an RVS computer program
as part of end of month procedures each
month.

Pop:

29,914

Municipal

Water produced - unmetered water sales.

Pop:

1,320

WSC

Water produced less water sold less
flushing and leaks

Pop:

35,082

Municipal

Water pump monthly reports, water
sold/billed report, obtain info on large
dept use, obtain inform on large main
breaks, obtain nor on large flushing lines,
have all water accts/usage with meters,
on slow/stopped meters -we audit ea
billing, average, & re

Pop:

1,500

WSC

water pump, water sold, water loss
accounted for, water loss unaccounted
for.

Pop:

13,747

Municipal

Water pumped - water sales & estimated
use from city.

Pop:

2,400

WSC

Water pumped and bought to water sold

Pop:

3,195

WSC

Water pumped from wells minus water
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sold to customers. That # is then divided
by water pumped from wells.

Pop:

1,527

WSC

Water pumped less metered water sales

Pop:

2,808

Municipal

Water pumped minus water sold = water
loss

Pop:

1,455

WSC

Water pumped this month, water sold this
month, water used for flushing.

Pop:

1,161

WSC

Water pumped, less water sold, less
water flushed, less bulk sales = water
loss

Pop:

5,193

Municipal

Water pumped-water solid = water loss.
All wells have meters, all well meters are
read each day.

Pop:

27,908

Municipal

Water purchased from Dallas Water
Utilities. Water metered by City, all
customers & city use. Water used during
unidirectional flushing program activities.
Water flushed during dead end main
flushing activities, storage tank
draining/overflows. Street dept. use for
street sweeping activities. Water breaks
and known smaller leaks.

Pop:

2,700

WSC

Water purchased, less metered
customers, less fire dept. use, and less
bulk sales if any

Pop:

28,103

Municipal

Water sales by user category plus
treatment plant usage compared to
treated and raw water pumped.

Pop:

8,695

Municipal

Water Sales minus (Self-Supplied +
Purchased)

Pop:

1,100

Municipal

Water software calculates loss

Pop:

46,660

Municipal

Water sold - water treated

Pop:

1,934

District

Water sold (water pumped - water for
flushing and master meter adjustment)

Pop:

1,977

WSC

Water sold plus fire, flushing & leak est.
minus that total from water pumped then
divide that total by water pumped

Pop:

8,000

Municipal

Water treated- water sold minus contact
distr. Flushing. Fire dept for total usage
daily inspections sewer runs = total loss

Pop:

3,293

Other

Water use - all water is purchased from
city of Gatesville and is metered incoming
the unit. Water purchased from others is
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reported to TCEQ monthly. Any water
loss including landscaping washing of
walk ways leaks reported for repairs and
sanitation purposes

Pop: 1,900 |WSC Water use and loss are figured in our
billing software. Meter readings are
entered monthly for each customer and
this gives our monthly usage. | enter the
total gallons we received from our water
supplier. The billing software system then
figures our water loss.

Pop: 24,975 | District Water use is calculated by meters from
suppliers, and loss is calculated from
customer meter and subtracted from
master meters. In addition routine
flushing and most major main break leaks
are totaled and used in this equation
Pop: 24,485 | Municipal Water use is calculated by totaling all
water meters, fire use estimated of leaks.
Unmetered water estimates. Water loss is
determined by the difference between
total water pumped by the treatment
plants with the water use subtracted from
the total.

Pop: 2,271 District Water use is determined by metered
usage by customers. The water produced
is obtained from water well meter
readings

Pop: 1,950 |WSC Water use is determined by reading
meters each month for each customer.
Master meters are read, showing water
pumped. We take the total water pumped
less water sold and divide total by water
pumped to arrive at water loss.

Pop: 534 WSC Water use is metered at each connection,
water loss is such a small % we have not
calculated it.

Pop: 636 Government | Water use is metered. Water loss is

calculated by flushing lines, old meter
loss, and subtracting water loss thru
leaks.

Pop: 62,350 | Municipal Water use is the amount of purchased
water versus metered water and the
difference between those is the Water
Loss.

Pop: 33,302 | Municipal Water used is calculated by metering
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residential commercial, bulk use,
municipal use, and wholesale use.
Unmetered usage such as dead end and
routine flushing and water breaks are
Pop: 26,531 | Municipal We take all the water production
readings for the whole year and divide the
metered into the reading total.

Pop: 3,890 | Municipal We add our total pumped from ground
storage and purchased and subtract what
will be billed out.

Pop: 2,455 | Municipal We are using a touch read meter system
which city staff uses monthly to collect
water usage at all metered accounts. The
readings are the turned in to city hall and
are billed accordingly

Pop: 1,200 | WSC We buy our water from city of Ennis. We
take reading from city of Ennis master
meters 2 deduct water we billed our
customers, this is about a 20% loss

Pop: Municipal We calculate water loss by the difference
1,219,113 between the total amount of water
pumped within a calendar year and the
total billed amount within that year. Billed
accounts include residential, commercial,
apartment, industrial, wholesale,
municipal, and irrigation

Pop: 77,271 | Municipal We collect raw and treated water meter
readings at all three of our water
treatment plants daily. We read customer
meters daily and compile total sales
monthly. We ask fire dept of estimate for
fire fighting monthly. Also, the street
dept, parks and water distr. Div. are
asked to submit estimates for usage.
Pop: 2,600 |WSC We compare sales total to water
purchases each month and consider
flushing, lead during the month and fire
fighting during the month.

Pop: 2,420 |WSC We have 7 wells & pump stations all
connected together. Each month we have
a total water pumped figure from the
wells. We have a total metered water sold
figure, calculated from all the meters
added together. We subtract metered
sold from total pumped from well meters
all added together-this gives us gross
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water loss. | estimate deductions for leaks
& flushing.

Pop:

2,022

WSC

We have a Scada system that tracks our
water pumping

Pop:

2,964

Municipal

We looked @ sales to our customers vs.
our production.

Pop:

5,195

Other

We read the master meter coming in at
our point of entry from the city of Waco on
a daily basis. We notice if we have a
spike in usage we have 750 hours that
are not metered. Also, most irrigation
systems on campus are not metered.
Therefore we can not determine an
accurate water loss.

Pop:

2,900

Municipal

We read the master meter, where we
take water, from San Patricio Municipal
Water District twice daily. Written reports
on all leaks. Bulk sales and etc

Pop:

2,394

Municipal

We subtract amt of water billed from amt
of water purchased less amt of water
flushed divided by amount of water
purchased

Pop:

1,500

WSC

We subtract the amt sold from the amt
pumped. Whatever that difference is we
divide by the amt pumps to get our % of
unaccounted for water.

Pop:

38,121

Municipal

We take the total water pump & purchase
- water sold, leaks flushed and municipal
used for grand total

Pop:

1,489

WSC

We take water purchased & subtract our
meter reading, leaks & flushing from this
figure. This gives us our water loss & we
figure our %.

Pop:

3,453

WSC

We use our monthly report after meter
reading & deduct flushing totals & deduct
estimated leak loss.

Pop:

2,594

WSC

We use the increase in well pumpage and
add 10%. Most leaks has leaked a little
before showing up. Water used for
flushing filter systems is metered. For end
flushing we use a 5 gal. bucket to time
and set flow at 6 gals. per minute.

Pop:

3,759

District

We utilize customer meter readings to
compare to well pumpage for the
corresponding dates.

Pop:

1,799

Municipal

Well head meter totals, less metered
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sales, minus estimated loss to leaks. Fire,
flushing etc. = non sales on 