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Mr. Robert Tozeski, Superintendent

Town of Shrewsbury, Water & Sewer
Richard D. Carney Municipal Office Building
100 Maple Avenue

Shrewsbury, MA (01545

Subject: Water Audit Report
Shrewsbury, Massachusetts
T&H No. 2614

Dear Mr. Tozeski,

In accordance with our agreement, Tata & Howard is pleased to present you with four
copies of the Water Audit Report. The report includes assessing the amount of
unaccounted-for water, identifying sources of lost water, and completing water audit
worksheets with calculated water losses, infrastructure leakage index (ILI), Unavoidable
Annual Real Losses (UARL), and Current Annual Real Losses (CARL).

The results using both Water Management Act (WMA) and American Water Works
Association (AWWA) water audit forms and procedures are presented and discussed in
Section 9 of the draft report. Recommendations are discussed in Section 10. These
recommendations will improve record keeping and increase the validity score for the data
as shown in the AWWA water audit. They will also assist in lowering the Town’s
unaccounted-for water as shown in the WMA water audit. The recommendations include
performing leak detection surveys, documenting breaks, leaks, and all unmetered water
usage, testing and calibrating the master meters, completing the service meter
replacement program for both residential and commercial meters, testing new customer
meters prior to installation, developing procedures to identify and address discrepancies
in billing results, continued implementation of water conservation measures, continuing
to review SCADA data to highlight anomalies, and updating the Water Audit Report to
include 2013 data.
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Mr. Robert Tozeski February 20, 2014
Superintendent Page 2 of 2

During the course of this project, Ms. Justine Carroll, P.E. served as Project Manager and
Ms. Victoria Zabierek served as Project Engineer, with the undersigned as Project
Officer. Ms. Stephen Rupar, P.E. provided technical reviews.

At this time, we wish to express our appreciation to the Town for their participation in
this report and for their help in collecting information and data. Special thanks are given

to Mr. Robert Tozeski and Mr. Steve Johnson for contributions to this report. We
appreciate the opportunity to assist the Town on this important project.

Sincerely,

TATA & HOWARD, INC.

ﬁwa, Bydﬂa&wﬁ/
aul B. Howard, P.E.
Senior Vice President
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Water Audit Report - Shrewsbury, Massachusetts

SECTION 1 - Executive Summary

1.1 General

Tata & Howard, Inc. was retained by the Town of Shrewsbury (Town) to complete a
water audit of Shrewsbury’s water distribution system. The project included assessing
the amount of unaccounted-for water, identifying sources of lost water, and completing
water audit worksheets with calculated water losses, infrastructure leakage index (ILI),
Unavoidable Annual Real Losses (UARL), and Current Annual Real Losses (CARL).

1.2 Purpose of Water Audit

The purpose of a water audit is to review and analyze the volume pumped from each
source, source meter errors/calibration, the volume of imported and exported water, billed
and unbilled consumption, recorded leakage, main breaks, and unauthorized
consumption. There are two separate guidelines that can be used to complete a water
audit. The first is the Massachusetts Department of Environmental Protection’s
(MassDEP) Water Management Act Program Guidance Document for a Water Audit and
Leak Detection Survey. The forms associated with the Water Management Act (WMA)
Program water audit were completed using the Town’s data from 2010, 2011, and 2012
and are attached in Appendix A. The second is the American Water Works Association’s
(AWWA) Water Audits and Loss Control Programs, Manual of Water Supply Practices
— M36, Third Edition, published in 2009. The AWWA M36 worksheets were completed
using Town data from 2012 and are in included in Appendix B.

Water Management Act Program — Water Audit

A water audit, as outlined in the WMA program, identifies the discrepancy between the
volume of water pumped into the system and the volume of water sold. This volume of
water is known as unaccounted-for water. The WMA water audit examines master meter
and service meter records, billing procedures, and record keeping, and identifies potential
sources of unaccounted-for water. Known water use that is not metered and not billed is
broken into two categories; unmetered authorized public uses and unmetered
miscellaneous losses. These are discussed in greater detail in Section 5 and Section 6 of
this report. The unaccounted-for water is then adjusted to reflect these known losses of
water.

The most significant component of the WMA water audit is the assessment of the
quantity of unaccounted-for water. Sources of unaccounted-for water include:

¢ Inaccurate Master Meters — This can lead a community to believe they are
pumping more water than they actually are.

o Inaccurate Industrial and Commercial Meters — It is important that all service
meters are properly sized and installed. A meter that is too large may not
register low flows, and a meter that is too small may produce excessive drops
in pressure, causing it to wear out in a short period of time.

TATA & HOWARD
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e Inaccurate Domestic Meters — The older a meter is, the less accurate it
becomes.

e Unmetered Authorized Uses — These include water used for water and sewer
main testing and flushing, fire fighting and fire fighting training.

e Unmetered Miscellaneous Losses — These include bleeders, backwash waters,
unauthorized connections, and theft.

e Underground Leakage — Underground leakage, as determined by a leak
detection survey, is principally caused by soil movement or corrosive soil
conditions in the ground around a water transmission main. Leakage also
tends to occur more in the older pipes in the system.

American Water Works Association — Water Audit

The AWWA water audit is a top down approach that allows for more comprehensive
quantification of both consumption and losses within the distribution system. This
approach helps to identify system components that may require further investigation and
validation in future audits. Properly performing the AWWA water audit and executing
the recommended loss control programs provides benefits in four key areas: water
resource management, financial performance, operational performance and system
integrity by reducing the potential for contamination within the system. Improvements in
these areas help reduce unnecessary or wasteful water withdrawals, optimize revenue
recovery, reduce system interruptions, increase efficiency, increase the reliability of the
system data, and reduce the potential for contamination within the distribution system.

The AWWA water audit uses a water balance calculation summarizing system inputs,
consumption, and losses. There is no unaccounted-for water component with this
approach. All water is considered either revenue or nonrevenue water. Revenue water 1s
that which is billed to a customer. Nonrevenue water is the water produced that is not
billed and produces no revenue and includes unbilled metered water, unbilied unmetered
water, and both apparent and real water losses. The Infrastructure Leakage Index (ILI) is
the ratio of current annual real losses (CARL) to the unavoidable annual real losses
(UARL), the theoretical minimal real losses that a system could achieve using best
current technology and management practices. Estimation of ILI allows water utilities to
benchmark performance and compare it to other utilities, both locally and nationally.

Apparent losses are losses associated with the distribution system that occur when water
is successfully delivered to the customer but is not measured or recorded accurately.
These losses have two major impacts for the utility. First, by under billing a customer,
the utility does not collect all the revenue it is entitled to and, second, by under recording
the amount of customer consumption, the utility is not able to properly make decisions
regarding the appropriate capacity of its water supply infrastructure and evaluate
conservation practices. There are three components of apparent losses: customer meter
inaccuracy, consumption data handling errors, and unauthorized consumption. These
components are discussed in further detail in Section 5.

Real losses are physical losses of water from the distribution system and occur because of
breaks and leaks in water mains, service connection pipes, joints, and fittings.

{
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Additionally, real losses can also occur because of leaks or overflows at storage facilities.
Real losses have two major impacts on the utility. The first is the additional cost to treat
and deliver water throughout the distribution system that does not provide any benefit to
the utility or its customers. The second is the additional cost to build and maintain
additional or larger capacity treatment facilities, storage facilities, and pumping facilities
designed and constructed to accommodate the water that will be lost.

Results and Recommendations
The results using both WMA and AWWA water audit forms and procedures are
presented and discussed in Section 9. The unaccounted-for water using the WMA water
audit forms is approximately 13.5 percent. According to the AWWA water audit, UARL
is 88.5 million gallons {(mg), CARL is 295.8 mg, and the system ILI is 3.34.

Recommendations are discussed in Section 10. These recommendations will improve
record keeping and increase the validity score for the data as shown in the AWWA water
audit. They will also assist in lowering the Town’s unaccounted-for water as shown in
the WMA water audit. The recommendations include performing leak detection surveys,
documenting breaks, leaks, and all unmetered water usage, testing and calibrating the
master meters, completing the service meter replacement program for both residential and
commercial meters, testing new customer meters prior to installation, developing
procedures to identify and address discrepancies in billing results, continued
implementation of water conservation measures, continuing to review SCADA data to
highlight anomalies, and updating the Water Audit Report to include 2013 data,

1,
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Walter Audit Report - Shrewsbury, Massachuselts

SECTION 2 — System Description and Operations
2.1 System Description

The Shrewsbury water distribution system services approximately 35,600 residents with
approximately 11,234 services and is 100 percent metered. The current system is
comprised of approximately 200 miles of water mains. The pipe diameters range from
four to 16 inches. These mains are constructed of various materials including cement
lined ductile iron (CLDI), cast iron (CI), asbestos cement (AC), and polyvinyl chloride
(PVC). The water distribution system contains seven active groundwater supply sources
at three locations, six water storage facilities, three booster pump stations, a water
treatment facility, and two emergency interconnections. The distribution system is
divided into three separate pressure service areas, the Low (LSA), High (HSA) and
Reduced High Service Areas (RHSA).

2.2 System Operations

The LSA has a hydraulic gradeline elevation (HGL) of approximately 600 feet. Ground
elevations range from approximately 350 feet to 535 feet. The LSA constitutes
approximately 35 percent of the overall system demands. The RHSA has a HGL of
approximately 680 feet and ground elevations range from approximately 360 feet to 595
feet. The RHSA constitutes approximately 33 percent of the overall demand. The HSA
has a HGL of approximately 800 feet and ground elevations range from approximately
425 feet to 740 feet. The HSA constitutes approximately 32 percent of the overall
demand.

Home Farm Water Treatment Plant

The Home Farm Water Treatment Plant (WTP) was constructed in the early 1990°s with
a design capacity of approximately 6.0 mgd for VOC removal using air strippers. Water
from the Home Farm Wells and Lamberts Wells are treated through the air strippers. The
air strippers also effectively remove a percentage of the carbon dioxide in the water,
thereby increasing the pH and reducing the amount of potassium hydroxide needed for
pH adjustment. A sequestering agent is added to the supply for the sequestering of iron
and manganese, potassium hydroxide is added for further pH adjustment, chlorine gas is
added for disinfection, and hydrofluosilicic acid is used for fluoride treatment.

A 12-inch transmission main conveys water from Sewall Well No. 4 to the Home Farm
WTP. The Sewall transmission main is connected to the finished water transmission
main outside of the WTP. The treated water from the Home Farm and Lamberts wells is
mixed with raw water from the Sewall supply.

Water Storage Facilities
The Town currently operates three water storage facilities in the LSA, two water storage
facilities in the HSA, and one water storage facility in the RHSA. Information about the
water storage facilities is summarized in Table No. 2-1.

(
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Table No. 2-1
Water Storage Facility Summary

Service Area Elg::tﬂﬁvrﬂ) Capacity (MG)
Browning Street Tank ' LSA 600 | 1.0
Oak Street Tank LSA 598 | 045
Hillside Drive Tank LSA 596 1.0
Masonic Hill Tank No. 3 HSA _ 800 1.25
Masonic Hill Tank No. 4 HSA 800 1.0
Temple Hill Tank RHSA 680 1.25

Booster Pump Stations
There are three booster pump stations in Shrewsbury. The West Main Street Booster
Pump Station and the Gulf Street Booster Pump Station pump water from the LSA to the
HSA. The Oak Street Booster Pump Station pumps water from the LSA to the RHSA.

Emergency Interconnections
The Town of Shrewsbury has two emergency interconnections with the City of
Worcester, on Hartford Turnpike (Route 20) and on West Main Street. The West Main
Street interconnection requires a temporary connection from hydrant to hydrant. The
Hartford Tumpike interconnection is a metered connection. Due to the HGL in the City
of Worcester, Shrewsbury can receive water from Worcester in an emergency, but
Worcester cannot receive water from Shrewsbury.

Water Conservation Efforts

The Town has been committed to promoting water conservation and educating
consumers, Water conservation tips are incorporated into newsletters that are distributed
throughout the community, are available at the Towns offices, and are sent out with the
water bills. The Town has teamed up with the Great American Rain Barrel Company to
offer discounted rain barrels to all its customers. The program was initiated in February
2014. The rain barrels are made from recycled 55 gallon food grade plastic drums and
come equipped with a five foot hose and shutoff valve. The program allows the
community to manage its natural water resources, prevent storm water runoff, and save
money. The Town’s website also features links and information regarding their Water
Conservation Project and the Rain Barrel Program.

(
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Water Audit Raport - Shrewsbury, Massachusetts

SECTION 3 - Water Supplied to Distribution System

3.1 Sources

In accordance with their most recent Water Management Act (WMA) permit (Permit No.
9P4-2-12-271.01), issued in January 2014, the Town is currently authorized to withdraw
a maximum daily rate of 7.87 million gallons per day (mgd) and an annual average day
rate of 4.17 mgd from their seven supply sources. A summary of the maximum
withdrawal volumes for each source is shown in Table Ne. 3-1.

Table No. 3-1
Approved Well Withdrawal Volumes
Source Name Permitted Withdrawal
Volumes (mgd)

Home Farm Well No. 6-1 | 432

‘Home Farm WellNo.6-2 3.02
Home Farm Well No. 6-3 | v
Home Farm Well No. 6-4 *

_ Home Farm Wells Total: |~ 54
Lamberts Well No. 3-1 05752%%
Lamberts Well No. 3-2 | 0.58

[ ~ Sewell WellNo. 4 | 1.14 =0

Total: 7.8%%*

*Home Farm Wells Nos. 6-3 and 6-4 were installed as supplemental wells. The combined withdrawal rate
for Home Farm Well No. 6-1, 6-3, and 6-4 cannot exceed 4.32 mgd and the total maximum withdrawal
volume from all of the Home Farm Wells cannot exceed a maximum daily pumping rate of 5.4 mg.

**The existing Lamberts Well No. 3-1 is currently not utilized due to a collapsed well screen. A

reptacement well is currently under construction.
*** The total amount pumped from all of the Town’s sources cannot exceed 7.8 mgd based on

Shrewsbury’s interbasin transfer limit.
3.2 Master Meters

Home Farm Wells No. 6-1 and 6-4, Lamberts Wells No. 3-1 and 3-2, and Sewell Well
No. 4 have individual master meters. A flow meter inside the meter vault at the WTP
measures the combined flow from Home Farm Wells No. 6-2 and 6-4. Flow from Home
Farm Well No. 6-2 is calculated by deducting the total flow from Home Farm Well No.
6-4 from the total flow from Home Farm Wells No. 6-2 and 6-4. A second master meter
in the meter vault measures the total raw water flow into the treatment plant from the four
Home Farm Wells and the two Lamberts Wells. The flow from Home Farm Well No. 6-
3 is calculated by deducting the total flow from the other three Home Farm Wells and the
two Lambert Wells from the total flow from the Home Farm and Lambert Wells entering
the air strippers at the Water Treatment Plant. There is also a finished water master meter

7
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Waler Audit Report - Shrewsbury, Massachusetis

that records the flow entering the distribution system from the WTP. Master meters are a
potential source of large errors in the water system due to the high volumes of water each
meter registers every day. Sewall Well No. 4 was upgraded and the master meter was
replaced in 2012. The master meter at Home Farm Well No. 6-4 was installed with the
well in 2012. A new master meter will be installed at the Lamberts Well No. 3-1
replacement well. The existing well and master meter will be properly abandoned when
the replacement well is completed. = The Town uses a Supervisory Control and Data
Acquisition system (SCADA) to record the locally measured quantities continuously,
Each day’s SCADA readings are generally reviewed and manually checked for any
obvious anomalies and for reasonableness.

The MassDEP recommends that master meters be calibrated once a year. The Town’s
master meters are tested annually for accuracy and, if necessary, calibrated to within
American Water Works Association (AWWA) accuracy limits. The master meters are
tested and calibrated by Control Systems Services. The testing results for 2010, 2011,
and 2012 are shown on Form 4 in Appendix A. The average master meter error
adjustment over the three years is shown on Form 6 in Appendix A. The master meter
error adjustment for 2012 is shown in Appendix B.

Based on the review of the Annual Statistical Reports (ASR), the Town has supplied an
average of approximately 1,334 mg of water per year over the past three years. The total
uncorrected water supply volumes are shown in Table No. 3-2, in Figure No. 3-1, and are
also reported in Form 1 of the water audit forms located in Appendix A. In 2010, 2011,
and 2012, the average day demands for the Town’s system were 3.64 mgd, 3.69 mgd, and
3.66 mgd, respectively. The annual fluctuations in demand and volumes pumped from
the Town’s sources by month in 2010, 2011, and 2012 are shown on Figures Nos. 3-2, 3-
3, and 3-4. Pumpage totals for each well are based on SCADA recordings from the
Town’s master meters.

Table No. 3-2
Uncorrected Total Water Supply*

Well 2010 2011 2012

Home Farm Well No. 6-1 | 366.25 | 358.64 | 119.36
Home Farm Well No. 6-2 | 42031 | 324.84 | 277.06

' Home Farm Well No. 6-3 141.17 | 262.72 | 241.18 |
HomeFarm WellNo.6-4 | - | - | 29528

' Lamberts Well No. 3-1 99.35 | 67.23 5436
Lamberts Well No. 3-2 7027 | 41.88  56.61
Sewall WellNo.4 | 230,65 | 284.72 | 291.36
Total Water Supplied: | 1,328.00  1,340.02 | 1,335.19

*Values are reported in mg.
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Water Audit Report - Shrewsbury, Massachuselts

3.3 SCADA

There are several anomalies that can occur from SCADA. Below is a list of these
potential anomolies:

Negative values for items like tank levels,

Zero values for items like tank levels which are not empty,
Missing time periods,

Tank levels reading higher than the tank,

Repeat values,

Duplicate dates and times,

Impossible values,

Missing data or data not recorded,

Values in tables not matching what is shown on the SCADA screen,
Multiple flow descriptions,

Minor variations between data recorded by redundant PLCs
Values, such as flow rate, remaining constant,

Averaging errors.

As the errors do not appear to be systematic and are more likely random, a corresponding
value cannot be assigned. Curently, the Town does not have a standard operating
procedure to address SCADA errors.

3.4 Purchased Water

The Town does not currently purchase water from any other towns or cities. There is an
emergency connection with the City of Worcester on Route 20 that has been updated to
include a new meter if the need to purchase water on an emergency basis occurs in the
future.

(

TATA & HOWARD

Page 12



(o

TATA & HOWARD



Water Audit Report - Shrewsbury, Massachuseits

SECTION 4 - Metered Consumption

4.1 Service Meters and Billing

According to the Town, 100 percent of the distribution system is metered and this
includes the publicly owned buildings. All customers are grouped into three separate
billing sections. Each month one section’s meters are read and the customer is biiled.
All meters are billed and read on a quarterly basis. The meter usage for each month can
not be compared to the volume pumped from the sources each month because only a third
of the meters are read each month. The Town’s current meter reading and billing cycle
does not allow the Town to accurately compare metered usage with pumping records.
The Town has an ascending block rate structure for each of its ten billing categories. The
billing categories and associated water rates are shown in Appendix C.

The Town is currently in the final year of a commercial meter replacement program. To
date, approximately 85 percent of the commercial meters have been replaced with remote
read meters. Some of the meters have been downsized for better accuracy. Scheduling is
being coordinated with the remaining property owners and the Town plans to have 100
percent of the commercial meters replaced by summer 2014.

Approximately 40 percent of the residential meters have been replaced with remote read
meters since 2004. The remote read meters are either Hersey or Badger meters. Hersey
meters were installed for the first phase of the remote read meter installation program. In
2011, the program changed and Badger meters were installed. These meters all use the
same remote read system. There are approximately 2,100 Neptune meters that are read
using a handheld unit and a probe to connect to a touch pad. These meters were installed
between 1998 and 2004. The remaining meters (approximately 4,400 meters) were
installed prior to 1998 with some meters dating back to the 1970s. Many of these meters
have been fitted with probes and are scanned using handheld units, but there are still a
small percentage of older, visual inspection meters remaining. The Town has funding
allocated to contract the replacement of approximately 5,000 meters in 2014. The Town
is planning to replace the remaining meters within the next year. By 2015 the Town
plans to have all meters be remote read meters. Once the meter replacement is complete
the Town plans to read the meters and bill customers monthly. The Town has spent
approximately $4 million in the last two to three years as part of their ongoing meter
replacement program.

Service meters can also be examined to determine if they are accurately registering the
amount of water used. Inaccuracies in service meters are usually due to meters that are
worn, damaged or improperly sized. The billing software gives a warning if a reading is
significantly higher or lower than the previous billing cycle. Some variation in billings
can be due to demand variation quarter to quarter. The software does not compare
readings from the same billing cycle to readings from previous years.

Water Department personnel attempt to review all meters with low recorded usage in a
billing cycle. As part of the review process, the Water Department will consider historic

(
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usage, determine if the house/business is now vacant, contact the customer to identify any
recent changes that could account for the decrease in usage, and if the usage continues to
be low, the Water Department will replace the meter. When a zero reading is recorded,
the customer is billed the minimum amount. Once multiple zero readings are recorded,
the Water Department will send a letter to the customer to try to get the meter replaced.
There is a faster response time to replace the meters from the residential customers. The
commercial meters are the responsibility of the owner and it is more difficult to get the
customer to replace these meters. The Town’s current commercial meter replacement
program should address all outstanding issues with commercial meters, The Water
Department does have an easier time tracking abnormal high readings. Customers will
typically report higher than normal bills, but not lower than normal bills.

The Water Department has recently identified several other issues with a few of the
commercial users. For example, a car wash had been reading the incorrect usage amount
for an unknown period of time. The meter was a compound meter and one side was not
reading. The owner had been unresponsive to a request to change the meters. The meter
has now been replaced and the Water Department will compare the current usage rates to
past usage rates once a few billing cycles have been completed. Also, the Water
Department has historically believed that the Shaw’s Supermarket was reading high. The
meter at the Shaw’s is a 2-inch compound manual read meter. A recent comparison
between the three markets in Town suggests that perhaps the Shaw’s is not reading high,
but the Stop & Shop may be reading low. The Stop & Shop meter is a larger meter.
Once these meters are replaced and a few cycles of billing data is available, the Water
Department plans to review the usage.

The Town primarily serves residential users. However, there are several municipal,
institutional, industrial and commercial customers that are among the top water users in
Town. The top ten water users in 2011 are listed in Table No. 4-1:

Table No. 4-1

2011 Top Water Users
Identification Assessment Type Usage (million gallons
per year)

UMass Medical School | Institutional ] 21.09
Green at Shrewsbury B Residential | 19.94
Wheelabrator Millbmjy? Inc. Commercial 9.43
Southgate at Shrewsbury Residential/Nursing Home | 497
Shrewsbury Nursing & Institutional 424
Rehab. | _ _

. Albertsons Inc. | Commercial 3.94

' BMA Worcester - FMC _ Commercial | Eris

“ DJP Hospitality, Inc. * Commercial | 3.43
Arbor Commons Realty Commercial 3.16

 United States Postal Service Federal 2.77
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The available service meter records and billing information for 2010, 2011, and 2012
were reviewed and the results are summarized in Table No. 4-2. As indicated, the
reported number of service connections has increased from 11,105 connections in 2010 to
11,234 connections in 2012. The uncorrected total amount of metered water has ranged
from approximately 947 mg in 2011 to approximately 1,022 mg in 2012. The residential
per capita consumption was calculated by dividing the metered residential volume by the
population as reported in the ASR for that year. The results are shown in Table No. 4-3.
The reported residential per capita consumption for the Town for 2010, 2011, and 2012
was approximately 55, 53, and 54 gallons per capita per day (gpcd), respectively. In
general, the MassDEP, in conjunction with the Department of Conservation and
Recreation (DCR), require communities to keep their per capita consumption at or below
65 gped. The Town is currently below the recommended per capita consumption due to
extensive water conservation efforts implemented by the Town. The uncorrected total
amount of metered water for 2010, 2011, and 2012 is reported in Form 2 found in
Appendix A. The uncorrected total amount of metered water for 2012 is reported in
Appendix B.

4.2 Unmetered Water Sold

Unmetered water sold is water that is delivered to customers but is not metered. This
could be due to a non-functioning meter or that a meter has not been installed. Since
there are no records of the number of non-functioning meters per cycle, there is no
estimated quantity of unmetered sold water on Line 6 of the water audit form 6 included
in Appendix A or in Appendix B.

y
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Water Audit Report - Shrewsbury, Massachusetts

SECTION 5 - Unmetered Unbilled Authorized Consumption

5.1 General

There are numerous unmetered unbilled but authorized uses of water in a public water
system including water for periodic maintenance of hydrants, fire flow tests, and water
main flushing programs. The construction of new water mains uses unmetered water for
testing and disinfection purposes. Unmetered water may also be used by the local Fire
Department for firefighting and training.

In Shrewsbury, the average quantity of unmetered authorized public and miscellaneous
uses of water was approximately 7.84 mg during the water audit period. This represents
approximately 0.6 percent of the average water supplied over the audit period. This
quantity is based on information included in Shrewsbury’s records and in their ASRs.
The authorized unmetered uses of water, which could be reasonably estimated using
available records, are related to fire protection and training, hydrant and water main
flushing, flow testing, bleeders and blow offs, sewer and stormwater flushing, and street
cleaning. A breakdown of the contributing components for years 2010 through 2012 is
provided herein and summarized in Table No. 5-1. The average total volume of
unmetered unbilled authorized water uses for 2010, 2011, and 2012 is reported on Line 9
of Form 6 located in Appendix A. The volume of unmetered unbilled authorized water
uses for 2012 is shown in Appendix B.

Table No. 5-1
Unmetered Authorized Uses of Water*

Unmetered Authorizes Public Uses 2010

 Fire Protection & Training 1295 243 | 271
Hydrant/Water Main Flushing | 529 | 3.41 6.09
Flow Testing B 0.09 | 0.06 0.1
Sewer & Stormwater Flushing 0.08 | 0.02 -
Street Cleaning . 010 | 0.10 | G.10
Total: | 851 | 6.02  9.00
Average: 7.84

*Usage reported in million gallons per year
5.2 Fire Protection & Training
The Town reported the amount of water used during fire protection and training in their

ASR’s for 2010, 2011, and 2012. These amounts are listed in Table No. 5-1. There are
no records indicating how these values were estimated.
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5.3 Hydrant/Water Main Flushing

The Town flushes the entire distribution system once each year. Information used in
reporting volumes attributed to hydrant flushing is based on flow data collected and
recorded by Shrewsbury Water Department personnel. During each flushing sequence,
the Shrewsbury personnel note defective hydrants and valves and made observations
regarding pressure and water quality. It should be noted that flushing is also conducted if
there are water quality complaints. A flushing log is maintained by the Shrewsbury
Water Department personnel. In addition to the annual flushing program and water
quality complaints, this component includes miscellaneous flushing of dead ends,
flushing after water main break repairs, and flushing for chlorination. The total amounts
attributed to hydrant and water main flushing for 2010, 2011, and 2012 are listed in Table
No. 5-1.

5.4 Flow Testing

The Town estimated approximately 0..09 mg of water was used for flow testing in 2010,
0.06 mg of water was used for flow testing in 2011, and 0.11 mg of water was used for
flow testing in 2012, The flow tests were conducted by Shrewsbury personnel. There
were no calculations or documentation for flow testing attached to the Town's ASRs.
These values are listed in Table No. 5-1.

5.5 Sewer and Stormwater Flushing

The Town estimated approximately 0.08 mg and 0.02 mg of water was used for sewer
and stormwater flushing in 2010 and 2011, respectively. Water Department personnel
conducted the flushing and recorded the amount of water used. These values were
reported in the ASRs and are listed in Table No. 5-1. The Town did not report any water
used for sewer and stormwater flushing in 2012.

5.6 Street Cleaning
The Town estimated approximately 0.10 mg of water was used for street cleaning in

2010, 2011, and 2012. These values are reported in the ASRs and are listed in Table No.
4-1.
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Water Audit Report - Shrewshury, Massachusetts

SECTION 6 - Unmetered System Water Losses

6.1 WMA Water Audit

The WMA Program water audit categorizes unmetered water losses in a public water
system as any unauthorized uses. This can include unauthorized/unmetered service
connections, backwash waters, water main breaks, and water system leaks. Shrewsbury
utilizes several different operation and maintenance methods to manage these losses.
Valuable information which would indicate signs of leakage is often obtained from water
customers. This information includes complaints from customers who hear water
running in their house plumbing, observe sudden increases in metered consumption, or
experience low pressure. In the event a leak or break is discovered, they are repaired at
the earliest possible date by Shrewsbury personnel. A summary of these losses in 2010,
2011, and 2012 is shown in Table No. 6-1.

Table No. 6-1
Unmetered System Water Losses - WMA Water Audit

Unmetered System Water Losses 2010 2011 2012
Water Main Breaks | 72.69 | 80.69 | 129.25
Leak Detection Survey Results | 131.40 Seciin] -
_ Total: 20409 80.69 = 12925
Average: 138.01

*Values for these categories were reported in million gallons per year in the ASR. There were no reports
or calculation worksheets indicating how the values were estimated. As a result the values were not used in
this report.

The Town keeps records on all reported water main/service breaks and leaks. These
records include information regarding location, date, the condition of the break/leak, who
reported the break/leak, the work required to repair the break/leak, and the method used
to calculate the volume of water lost. Leaks or breaks are repaired at the earliest possible
time during normal working hours unless emergency or safety concerns required
immediate attention. The continued use of the leak/break detection repair log could
further improve recordkeeping and would be helpful for documenting problem areas
within the distribution system.

The average total volume of unmetered water losses for the audit period is estimated to
be 138.01 mg. This represents approximately 10.3 percent of the average water supplied
during the Water Audit Period. These losses include the leaks and breaks identified by
the Town discussed above. The volume of unmetered water losses is entered on line 10
of Form 6 included in Appendix A.

6.2 AWWA Water Audit
The AWWA method classifies unmetered system water losses differently than the WMA
method. These losses are broken down into two major categories, apparent losses and
‘ : Page 19
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real losses. Apparent losses include meter inaccuracy, data handling errors, and
unauthorized usage. Real losses include water main breaks and leaks.

Apparent Losses — Customer Meter Inaccuracy
Customer meters can be a major source of apparent losses. Under registering meters
result in lost water revenues. In addition to providing information used for billing
purposes, data from customer meters can be used to evaluate consumption trends, which
can be used for long term planning and to evaluate loss control and conservation
programs. The three main components of meter accuracy are physical accuracy,
appropriate meter size, and meter type.

The physical accuracy relates to a meter functioning properly. Past practices attributed
meter inaccuracies to the age of the meters. A study titled, “Accuracy of In-Service
Water Meters at Low and High Flow Rates,” was published in 2011 and was sponsored
by the American Water Works Association’s (AWWA) Water Research Foundation and
the U.S. Environmental Protection Agency (EPA). The study identified inaccuracies
based on meter type and rate of flow. Additionally, inaccuracies in service meters were
reportedly due to the type and size of the meter, water quality, and low flow conditions.
Meters should be periodically tested and repaired or replaced, if necessary, to maximize
accuracy.

Approximately 60 percent of the service meters are more than 10 years old. The Town’s
meter replacement program is ongoing. As part of this water audit, the Town has begun
testing some of the service meters using a Master-Meter datalogger to verify the accuracy
of the meter. To date, eight service meters have been tested. The results are shown in
Table No. 6-2. All but two of the meters were identified as recording lower flow rates.
On average, the meters tested were recording approximately eight percent low. The
selection of meters tested is too small to observe trends in meter usage and is to too small
to be representative of all residential meters. The Water Department is continuing to test
additional meters. The results of the additional testing will be included in an update to
this report.

Meter size should be based on the most common flow rate for each customer. AWWA
Manual M22, Sizing of Water Service Lines and Meters can be utilized to help determine
meter size. This methodology is based on the flow requirements of all fixtures installed
in a building. This may lead to meters being oversized as meters that accurately register
the larger flows may not be as accurate during lower more common flows at a customer
location.

The appropriate meter type is another factor in determining the accuracy of a customer
meter. Different meters are designed for different flow rates and flow patterns. Turbine
meters are accurate at high flows but much less accurate at measuring lower flows.
Compound meters are capable of measuring both high and low flows accurately. Another
example of the need for proper meter type is having a separate meter for fire connections.
Fire service connections will be seldom used, but will have a high flow rate when in use.
Smaller meters also operate over a range of flows but need to be able to measure much
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lower flow rates, including leakage inside of customer’s homes. The above mentioned
study by the Water Research Foundation also noted that nutating disc meters appear to be
able to register very low flows, which may be caused by small leaks at a customer
location, at a much higher accuracy than other types of meters.

Based on the small number of residential meters tested, the Town is unable to calculate
an amount of water associated with meter inaccuracies. A default value of five percent of
the total water supplied was used to estimate the apparent losses due to customer meter
inaccuracy. This percentage should be updated as more residential meter testing results
become available.

Table No. 6-2
Customer Meter Inaccuracy - WMA Water Audit

Test | Meter Manufacturer Meter Meter Size Recorded  Datalogged | Percent
No. Installation Usage Usage | Error
Date (galions) CEULE
1 Neptune - 5/8-inch 270 290 7.4
2 Neptune - 5/8-inch 130 131 0.8
3 Hersey July 2005 5/8-inch 290 338 16.6
4 Badger - 5/8-inch 300 381 27.0
5 Hersey August 2005 l-inch 1,030 1,095 6.3
6 Neptune August 2000 l-inch 1,090 828 -24.0
7 Hersey - 5/8-inch 180 209 16.1
8 Hersey - 5/8-inch 330 383 16.1
Apparent Losses — Systematic Data Handling Errors
Data handling errors are those that occur during the data transfer, billing or archival
processes and result in an incorrect accounting of the customer consumption. System
wide data handling errors can result in large discrepancies for the distribution system.
The systematic data handling errors for 2012 were estimated to be one percent of the total
water supplied, approximately 13.4 mg and is shown in Appendix B. Table No. 6-3
illustrates ways customer consumption data may be compromised.
" Page 21
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Table No. 6-3
Potential Data Handling Errors

Manual meter reading errors.

AMR or AMI equipment failure.
Procedural/data entry errors during meter
change-outs.

Poorly estimating volumes in place of meter
readings.

Customer billing adjustments given by altering
Data Analysis Errors actual metered consumption data.

Poor customer account management.

Accounts not activated, lost or transferred
incorrectly.

Some customers left unmeasured or unread.
Customer accounts allowed to be made non-
billed.

Adjustment policies that allow manipulation of

Data Transfer Errors

Policy and Procedure actual customer data.

Shortcomings Bureaucratic regulations or performance lapses
that cause delays in permitting, metering or
billing operations.

Organizational divisions that prevent data to be
accessed by all appropriate personnel.

Apparent Losses — Unauthorized Consumption
Unauthorized consumption usually occurs when customers or other persons deliberately
take water without paying for it and occurs in virtually all drinking water systems.
Unauthorized consumption can occur in many ways, including:
¢ [llegal connections,
Open bypasses,
Buried or obscured meters,
Misuse of fire hydrants and fire-fighting systems (unmetered fire lines),
Meter tampering,
Illegally opening intentionally closed valves or curb stops at customer service
locations that have been shut off or discontinued for nonpayment,
¢ Illegally opening intentionaily closed valves to neighboring water distribution
systems designed for emergency or special use,
e Failing to notify the utility to activate a billing account after water use has been
initiated.

No data was available for 2012 for unauthorized consumption. The default value of 0.25
percent of the total water supplied was used and is approximately 3.34 mg.
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Real Losses

The majority of real losses occur because of leakage from the pipes in the distribution
network. These losses occur underground and are not seen until the water either becomes
visible on the surface or causes damage that can be seen at the ground surface. Leakage
can be categorized into three basic types; surfacing leaks, non-surfacing leaks and
background leakage. Background leakage is leakage that occurs at very low rates of flow
and is usually not considered economically worth fixing individually compared with the
larger surfacing and non-surfacing leaks. Pressure reduction is a means of reducing
background leakage where that is possible. Leakage within the distribution system can
be caused by several different factors including; inferior or defective materials, pipe
breaks due to poor craftsmanship or materials, operational errors, corrosion (both external
and internal), seasonal stresses, poor quality of repair work, poorly aligned fittings and
appurtenances, and accidental or deliberate damage to the distribution system.

The total real losses on the audit form are approximately 295.8 mg. It should be noted
that unlike the WMA water audit, the AWWA audit method does not consider
Shrewsbury’s records regarding leak detection, water main breaks, etc. in estimating real
losses. Real losses are the total water losses subtracted from the apparent losses. This
amount is reported in Appendix B.

Shrewsbury has many ongoing projects to limit real losses throughout the distribution
system. These projects include leak detection and main replacement. The Town
reportedly performed a leakage survey on the entire water distribution system in 2010
and found a total of 24 leaks. Another complete leak detection survey is scheduled for
spring 2014.
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Water Audit Report - Shrewsbury, Massachusetlts

SECTION 7 - Cost of Losses

To properly assess the impact that water losses have on the Shrewsbury system, a value
or cost must be applied to both real losses and apparent losses. The value associated with
the lost water demonstrates the cost to the utility for real losses and the lost revenue for
apparent losses.

7.1 System Operating Costs

In general, there are two components that make up the costs needed to supply customers
with water. The first component includes the costs associated with personnel salaries,
water system operation and maintenance, capital costs for system improvements,
technical services, supplies, and equipment. The second component includes the costs
associated with pumping and treating the water supplies. Based upon review of the
Town’s water expenditures, this component includes yearly costs for chemicals, fuel and
electricity.

The costs associated with pumping and treating during 2010, 2011, and 2012 were
reviewed and are summarized in Table No. 7-1. Based on Shrewsbury’s records, the
average cost to pump and treat the water was approximately $346,614. The average cost
to supply water was $0.26 per 1,000 gallons.

Table No. 7-1
Pumping and Treating Cost 2010-2012

ftem 2010 2011 2012
Expenditures Expenditures Expenditures
Chemical $144,151 $159,626 | $138,364
Fuel _ $14,396 $16,570 | $5,904
Electrical $150,687 $134,211 $266,934
| Purchasing - NA ~ NA N/A
 Water : | .
Total: $309,234 _ $310,407 $411,202
Average: $346,614

The total cost of operating the water system, including all non-production costs on the
audit form in Appendix B, is approximately $1,791,289. Non-production costs includes
those for operations, maintenance, and any annually incurred costs for long-term upkeep
of the system, such as repayment and capital bonds for infrastructure expansion, or
improvement.  Typical costs include employee salaries and benefits, materials,
equipment, insurance, fees, administrative costs, and all other costs that exist to sustain
the drinking water supply. These costs do not include any costs to operate wastewater,
biosolids, or other systems outside of drinking water.

TATA & HOWARD
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7.2 Apparent Losses

Apparent losses are valued at the retail rate charged to customers, as these losses
represent water that reached the customer, but was not billed to the customer. Service
charges, connection fees, and other fees are disregarded since they are not dependent on
the volume of water a customer uses. As previously discussed, the Town bills their
consumers through multiple rate classifications.

On average, customers are billed approximately $35.00 a quarter while using
approximately 8,000 gallons. Therefore, the base rate of $4.83 per 1,000 gallons was
used to value apparent losses. Apparent losses within the distribution system for the
audit period are estimated to be approximately 67.4 mg and valued at approximately
$295,086.

7.3 Real Losses

Real losses are valued at their production costs. Production costs include the variable
costs to extract, treat, and deliver water to the customer. Since labor costs are not
dependent on the volume of water produced, they are not factored into the value of real
losses. The volume of real losses including unavoidable background losses is estimated
to be approximately 295.8 mg for the audit period and valued at approximately $76,177.
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Water Audit Report - Shrewsbury, Massachusetts

SECTION 8 - Key Performance Indicators

The AWWA recommends two types of performance indicators: financial and operational.
These can be used to assess the performance of the water system. Table No. 8-1 provides
a list of the performance indicators evaluated in the audit. The AWWA divides the
performance indicators into three levels: Levels 1 (Basic), 2 (Intermediate) and 3
(Detailed). The performance indicators should be used as a benchmark to allow the
Town to track performance and help determine the effectiveness of any improvements
made to the water system. The ILI is a dimensionless indicator that can be used when
comparing one water system to another.

Table No. 8-1

Performance Indicators
Performance Level Description
Indicator
Financial
Nonrevenue Water by 1 Volume of nonrevenue water as a percentage of
Volume water system input volume.
Nonrevenue Water by 3 Value of nonrevenue water as a percentage of
Cost annual cost of running the water system.
Operational
Apparent Losses 1 Gallons per service connection per day.
Real Losses 2 Gallons per service connection per day.
The technical low limit of leakage that can be

Unavoidable Annual 3 achieved if all current technology is successfully
Real Losses (UARL applied (mg/year).
Infrastructure Leakage 3 Ratio of Current Annual Real Losses to
Index Unavoidabie Annual Real Losses.

8.1 Financial Indicators

The two financial indicators which are useful in assessing the fiscal cost of the
nonrevenue water use in the Town’s system include Nonrevenue Water by Volume and
Nonrevenue Water by Cost. Nonrevenue Water by Volume allows the Town to track the
percentage of water produced that does not generate revenue. Nonrevenue water includes
bleeder usage, construction projects, system maintenance, hydrant sprinkler usage, water
used by the Town at its treatment plants and other facilities, and real and apparent losses.
The Nonrevenue Water by Cost performance indicator gives a monetary value to the
nonrevenue water and is expressed as a percentage of the annual costs of operating the
water system. This indicator provides insight into the real cost of water used for
nonrevenue purposes. Many of these uses are necessary to operate the water system;
however, these indicators can be used to help determine if the water can be used more
efficiently.
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8.2 Operational Indicators

The operational performance indicators examine losses, both apparent and real, that occur
throughout the water system. The Town'’s losses are measured in gallons lost per service
connection per day. In addition, the indicator can be multiplied by the billing rate to
identify the revenue not being earned by the Town from water delivered to the customer
that is not accounted for properly. The Real Loss indicator measures the volume of real
losses per service connection per day. This indicator can be multiplied by the production
cost of the water to indicate costs for Shrewsbury to produce water that is not reaching its
customers.

The UARL is the theoretical value that represents the technical low limit of leakage that
can be achieved if all current technology is successfully applied. The UARL equation
was developed by the International Water Association’s Water Loss Task Force
published in 2000. The calculation is based on leakage data gathered from well-
maintained and well-managed systems. The UARL equation is as follows:

UARL (gal) =(5.41Lm + 0.15Nc + 7.5Lc) x P
Lm = length of water mains (miles)
Nc = number of service connections
Lc = total length of private pipe (miles) = Nc x average distance from curb stop to customer meter, Lp

P = average system pressure {psi)

The ILI is used as a benchmarking tool to compare leakage among different utilities. It is
a ratio of the Current Annual Real Losses (CARL) to the UARL and quantifies how well
a water system is managed for leakage control. The UARL for the Town’s system is
estimated to be approximately 88.48 mg. The ILI for the Town’s system is estimated to
be 3.34.

In a study published by the AWWA in 2003, Committee Report: Applying Worldwide
BMPs in Water Loss Control, 4 Wi¥A, 95:8:65, the ILI for 34 water systems from around
the world, including seven from North America, were compared. Of the systems
compared, twelve had an ILI under 2.0 and the remaining 22 had an ILI between 2.0 and
13.1. Of the seven North American systems, all had an ILI greater than 2.0 including the
City of Philadelphia which had an ILI of 13.1. Since that time, Philadelphia has worked
to lower their 2009 ILI to 8.9. The Louisville Water Company is another utility using ILI
as a benchmarking tool. In 2009 their ILI was 2.50.

TATA & HOWARD
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SECTION 9 - Water Audit Results

9.1 WMA Audit Results

Shrewsbury continues to increase their efforts to reduce the amount of unaccounted-for
water within the distribution system and meet or exceed the MassDEP recommended
residential per capita consumption. The results of this water audit report show that the
unaccounted-for water within the system is actually lower than the volume indicated on
the Town’s Annual Statistical Reports. The average unaccounted-for water value for the
audit period is approximately 13.5 percent. Based on this information, it is apparent that
the Town has made substantial progress in reducing the system unaccounted-for water
over the last several years. In addition to the completion of this water audit report and its
associated components, the following items have been completed by the Town to date:

e A leak detection survey was completed in April 2010. The Town has scheduled
to conduct a leak detection survey in Spring 2014.

e Water conservation tips are provided to customers with their bills and annually in
Shrewsbury’s Consumer Confidence Report and on their website.

o The master meters within the Town’s system are calibrated annually.

o The Town has currently replaced 85 percent of the commercial meters and
approximately 40 percent of the residential meters with radio read meters. The
Town has allocated additional funding to replace the remaining residential and
commercial meters by 2015,

This water audit will assist the Town in recognizing areas for future improvements and
provide suggestions to further reduce the unaccounted-for water and maintain the
recommended residential per capita consumption of 65 gpcd. The water audit report has
resulted in the following conclusions and recommendations.

9.2 AWWA Audit Results

During 2010, Shrewsbury supplied 1,335 mg from the sources to the distribution system.
Approximately 27.9 percent of this water is classified as nonrevenue.

The results for the Performance Indicators on the audit form are summarized in Table No.
9-1.

TATA & HOWARD
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Table No. 9-1
Performance Indicator Results
Perfermance ’ Result Description
Indicator
Financial
Nonrevenue Water by 27.9% Volume of nonrevenue water as a
Volume i percentage of water system input volume.
Nonrevenue Water by 20.9% Value of nonrevenue water as a percentage
Cost 3 of annual cost of running the water system.
Operational
Apparent Losses 67.4 Gallons per service connection per day.
Real Losses 295.8 Gallons per service connection per day.
The technical low limit of leakage that can

Unavoidable Annual 88.5 be achieved if all current technology is
Real Losses (UARL) successfully applied {(mg/year).
Infrastructure 334 Ratio of Current Annual Real Losses to
Leakage Index ’ Unavoidable Annual Real Losses.

Data Validity

The data from each category is given a validity score. Table No. 9-2 summarizes the
grade for each category. The grading matrix, which explains in general how the validity
score for each category is arrived at, can be found in Appendix C. For example, the
category ‘volume from own sources’ received a score of six. The score was arrived
because 75 percent to 100 percent of Shrewsbury's sources are metered and the master
meters are tested on an annual basis.

The data validity score on the audit form is 62 out of 100 giving the Town a Data
Validity Level of IIl. Both the data validly score and Data Validity Level do not have a
direct effect on the ILI. The data validity score is a confidence factor for how accurate
the water audit is. The Data Validity Level provides a guideline for water loss control
planning. The Water Loss Control Planning Guide, which includes the Data Validity
Level, is included in Appendix B.
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Water Audit Report - Shrewsbury, Massachusetls

SECTION 10 - Recommendations

10.1 Recommendations

The following recommendations are a result of this water audit report. These
recommendations will improve record keeping and increase the validity score for the data
as shown in the AWWA water audit. They will also assist in lowering the Town’s
unaccounted-for water as shown in the WMAP water audit.

1.

TATA & HOWARD

Continue to conduct partial leak detection surveys of the entire system every year
according to the standard operating procedures for leak detection surveys.

Continue to document leaks found during the survey and in everyday operation by
staff and customers. Leak records should include the location, date and time the
leak was found, the approximate size of the leak, the type of leak (hydrant, main,
service, etc.) and an estimate of approximately how long it has been leaking.

Leaks should continue to be repaired in accordance with the established priority
system:
e All leaks of 3 gpm or more shall be repaired as soon as possible and no
later than within 12 months of detection.
e Leaks of less than 3 gpm at hydrants and appurtenances shall be repaired
promptly and no later than within 12 months of detection.
e Leaks of less 3 gpm in local roadways, arterial or collector roadways shall
be repaired when related work on the roadway is being performed.

It is recommended that at a minimum, monies for a full leak detection survey be
completed and budgeted every three years. The estimated cost of a leak detection
survey is approximately $120 per mile of main or approximately $24,000 for the
Shrewsbury distribution system.

It is recommended that the Town continue to test and calibrate the master meters
for the main sources of water on a yearly basis in accordance with MassDEP
recommendations.

Shrewsbury should continue with their ongoing service meter replacement
program. Once all service meters are replaced with radio read meters, the meters
should be read and customers billed monthly. Reading all meters on a monthly
basis will allow the Town to compare the water pumped and water billed on a
monthly basis and allow the Town to better track meter anomalies and errors.

The Town should continue to keep well written records regarding unmetered
water uses so that the volume of such usage can be reasonably estimated. One
component of this recordkeeping program includes reporting the time of
discovery and/or how a leak was reported, as well as the estimated volume of lost
water. By reporting when leaks are discovered and/or reported, Shrewsbury can
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10.

11

12;

13.

14.

Waler Audit Report - Shrewsbury, Massachusetts

keep an accurate record of how long it takes for the leak to be repaired and the
related costs. This information is and will continue to be useful in identifying
problem areas within the distribution system and coordinating and managing
personnel time. Other recordkeeping components Shrewsbury may consider
include documentation of areas of Town requiring additional water quality
flushing. The Town should meter the amount of water used during any authorized
municipal use, such as construction, street cleaning, etc., whenever possible. This
will enable Shrewsbury to more precisely quantify the amount of water used.

The Town should continue with its efforts to promote water conservation within
the community through water conservation outreach and educational programs.
These include implementing additional water use restriction bylaws, distributing
water conservation education information through various outlets and formats,
visiting local schools, increased public service announcements, producing local
cable or newspaper announcements, and low water use concepts to agricultural,
commercial, industrial, and residential consumers. The Town should continue to
implement their Rain Barrel Program, update their website with indoor and
outdoor conservation tips, and update links to conservation related websites.

The Town should continue to effectively and accurately record all miscellaneous
water losses and authorized water uses. MassDEP has calculation worksheets for
estimating water lost due to flow testing, street cleaning, and water main breaks.
These worksheets are located in Appendix D and should be completed and
attached to the Town’s ASR.

The Town should investigate whether master meter venturis and transmitters are
regularly subjected to flows which are either higher than or lower than their
operating range.

Test customer meters with zero or low flow readings. These meters should be
repaired or replaced if found to not be registering properly.

For all meters that are 1 1/2-inches and larger, continue to identify the highest and
lowest registering meters and begin a process of data logging those meters to
establish they are the proper meter type and size. Replacement of oversized and
incorrectly typed meters can significantly increase revenues and reduce apparent
losses.

The Water Research Foundation Project No. 4028 also found that while meter
manufactures claim that their new meters meet AWWA accuracy requirements
they in fact often do not. Shrewsbury should consider testing all new meters
themselves in accordance with AWWA M6 prior to field installation.

Regularly review and consider new meter technology which provides economic
benefit to the Town.
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15.

16.

17.

18.

19.

20.

21.

Water Audit Report - Shrewsbury, Massachuselts

Establish a program for the local fire departments to track location and the length
of time a hydrant was flowed and an estimate of the flow rate. This will give
Shrewsbury the ability to estimate the quantity of water used each year for fire
protection and training. This will improve the data validity score for the unbilled
unmetered category.

The Town should perform periodic checks on accounts that have been terminated
for nonpayment. Curb stops that have been closed should be checked to ensure
that they have not illegally been reopened.

The Town should perform regular internal audits of the data trail from data read at
the customer meter to the creation of the customer bill. This will determine the
accuracy of the consumption data.

The Town should field verify all water storage tank level instrumentation
equipment and compare to SCADA readings to prevent tank overflows.

It is recommended that SCADA data be periodically evaluated over a four to five
day period at approximately five minute intervals to look for anomalies or errors.
The analysis will be included in an update to the Water Audit Report.

We recommend Shrewsbury continue to review the SCADA data each day and
highlight anomalies and provide a summary report for review. In this way, errors
may be corrected on a systematic and timely basis.

The Water Audit Report should be updated to include 2013 data once it is
available.
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AWWA WLCC Free Water Audit Software:

T Water Audit Reporc for: h:mh? Watar "2‘&] ]
Reporting Year:| 2012 172013 - 12732013

Piaase snter data In the whits cefts below. Wher avaliable. metersd values should be used) If metsred vaiues arn ploase sstimate indicate your confidence in the accracy of
mmmwmmmpmmu-mhmmhhmﬂdmmammmmmaumﬁmﬂhﬂ“'

All volemes to be entered as: MILLION GALLONS {US) PER YEAR

n‘.n.n SUPPLIED << Enter grading in column 'B‘
Volune from own mources; 1,335.190] Million gallons (OS)/yr (MG/YT)
Master meter arror adjuatment (encer posirive valua): 0.000 | |under- regiscersd MG/ Y
Wacer imported: 0.000 | pa/Yr
Water exported: 0.000| M3/YT

WATERL GUPPLIKD: 1,338,190 ] merre

AUTHORIZRD CONGUMPTION cickhern; [
Billed metersd: 962.980] Ha/¥c for hip using option
Billed unmererad, 0.000] m/¥e Rt b
Unbilled metersd: 0.000 | wG/¥r . Value:
nbilled unnetered: B | « $.007| Mo/¥c ___O ® |o.c07 |
TR e biteos oot
avTRoRTZND Cowsmerrzows I | 971.%67) mnr i
o R s
WATNR LOSEES (Mater Bupplied - Authorised Consusption) s/ l"_
Assaxent lossns

Peot: ¥ Valoe:
Unauthorized consumption: [ t 3.338| masvr m“ﬂ E ]

Default option selected for unauthorized consumpcions - a grading of 5 is applied but not displayed

e S v £ cies: [EH LI 5o.saa| Ma/TT mg_oi—l

Syacesatic data handling errers: B 13.350| Ma/¥r
{ Choose thas. option to
T
fr— s
=3 consumption. This I
Renl Losses (Currenr apsusl Meal tosses or CARL] NOT a default vaius
Real Losses = Water Losses - Apparent Losses: [ nG/YT
WATER LOSS2S1 | 363.203| ma/vz
HON-RAEVENUR MATER

WO -REVENUR WaTER: [N Mafre

Length of mains: m 203.4| miles
Fusher of active AND ioactive ssrvice connections: [ a | 11,234
Connection denzity: 55| coem. /mile wmain
Avaragn len of customer service line 26.0] £t {pipe length be P
gth L - E WATT OF proparty boundary)
Average operating pressure: [l [ || 75.0] pat
COST DATA
Total armual cost of operating water system: $1,791,289( J/¥sar
Cuscomer retall unit. cost {applied to Apparent Lossas): $4.38 Isnooo gallons (US}H I
Variable produccion cost (xpplied to Real lceses) i $257.50| $/Million gallons

Einsnolal _Tndicators
Non-revenus wacer &S percent by volime of water Supplied: 1 27.9%]
Heon-revenue water as percent by cost of operating system; 20.9%
Anual cost of Apparent Losses: £298, D86
Annual cost of Real Losses: $76.177
oparations) Sffieiency Indicators

Apparent Losses per servica connecticm perdays [ 16.43|galiens/comneceion/day
Real Losses per service connacticon per day+*: gal:lcnl/cmc:ionfdly
FReal Losses per length of main per day+: m
Real Lcases per service connection per day per pal pressure: gauon-/connocnanfdaylpu
E Dnavoldable Annual Real Losses (URRL) : unum gallons/year

From Above, Real lLosses = Current Annual Heal losaes [CARL) : 1 255.43 }ﬂulzen gallons/year

E Infrastryctura Leakage Index {(ILI) (CARW/URRLI: [ 3.34]

¢ omly the most applicabla of. these two imdicarcrs will be calculated

EATER AIDIT DATA VALIDITY SCORNL

1 *+*%* YOUR SCORE IS: 62 out of 100 **=

A weighted stale for the cocponsnts of consumpticn and water loms is included in the calculaticn of the Water Audit Data Validity Score

EEIORITY AREAH FOR ATTENTION:
Based on the information provided. audit accuracy can be improved by addressing tha following componencs:

1: Volume from own sources 1
2: Bilied metersd |

I 3: Cust mellrl-'t.t.iflnlccurlclel .

-
|
|
i
|
|
|
|

AWWA Watar Loss Control Committes Reporing Weorkshest

1



| 9oueeg Jojep S91ILLICT) |OJIUOD SSOT JBIEAA VAAMY

L Ny TN =1

|
|
|
|
|
e, e
ﬂ..HM._...:. .Hrurmh: qﬂ..: |

| (00070
. 086" | u
| 086296
|

I9JEM BNUIAIY

[ R ._t,s .hii.?:rl?,.,___.ltghrm.tr,. ....Ilam..

SSHEHEHEH

Eses pesssse:

IeN paLTTE

— — = -

T r....fm_ ...Hm...w M xﬂmwﬂ«rr{rhﬂu i At naMasay SBiy Iy UOHBINOSSY BH0sY JalEyA UBSIEUN ‘01 07 & yBuidon

_tZ04 3z0deW PNV Ie3eM SOUBTed I93EM :9IeM31JOS JTPNY I93BM 9914 DDIM VYMMY




| nnen Bupain BONALALDD [AUCT) $507 JBIBM VAVAY

tacys weyf evogy Suyayiyrojad Aq paacadat oq o3 Arexil o7 Lowrnsde appny ‘motied uy peigBrrabyy eav suocfiow puw w 83T POp z Buypuodseizod oyl
Teew Burpesb aqr "wy Induoy @ 30 ADRINDOR PUV LIUVPFIWOD OYI VQFIDELP OI IFPRY Y3 Fo Jueucdsod yowe 03 pouSyREN LIDA ERpRIS ‘IVOYNYION Euj3zoden ey nr




L,
metered sndis | from meter readngs, flat of 50% read success rate e estmated Puechase records " i
Billed metered: i between between | sate, faded reads are estmated | hetween Phct areas. Good cuslomer between fundernsay Statstically sigraficant
talled o watet foxad rate blled for the Iemander esbmated Limded 2andd verdy age of customer melers. o Cood customer Mmetat recors, and meter records Reguiar meter and cuntonmer meted testng and I
sence on @ ftat or majonty of the cuslomer rieter teconds, No reguiar med only very lented meter accuracy tented meler testng Bty tEstng guides replacemend program ie place
ed rate basn poputabon Lestng of replacement Bilang st 1 conckucted  Customer aceuracy
regutar replacement of cldest repiacement of slatnticalty nﬁ:ﬁ-!ﬂﬁi&i&_g._
such 3 case the data maintamned on papes meten replaced onty upon
e = ars C ; meters Computeried bithng signdicant number of melens detaled audtng, includng bewd |
must bt recordy with moutne aucng of eath yeds Routiv ausarg of investigation of reresentatve |
e uling records, but oy penode: plobal statsnics compulerzed biling reconts for sampie of sccounts Anvwal
Suging comduct plobal and detased statstics, @ verdcabon by rwd panty |
vened pencdcally by thad pary §
f
1
g rintarn 10 i
R o T oumity for 10 | Reouier cternal anc id party |
i 0 cupthy for Pirchase s install TRiEa o e -Nuﬂl-nlnii.ﬂ_ﬂi suditing, and maler BCOUracY
!lu._!_..trq e b T eounsieiord Purchase and install rmedirs on unimatersd Assess et | accounts. Launch Autornabe betet Reading .| testing snsures that accurste |
poputation irvestigations or irisis]  Purchass and install meters on unmaterad sccours. Eliminasis Nat fes baing and N Meter R (AMR) system AMR) wystern triale f macual meles readng | |1 customer meter readings e
ﬂ. to mttain hghs meters by seloct soonunis . Implement policies to improw sstablish appropriste water rale struchurs o - L ul | success rete of af lewsl §35% i not schieved || obtained and sntered =a the
data gradng for Baled | s Mppropriate meter models. | Meber reading success. Catalog meter Jomsast upo Conira PO O ertre !_:n:. ongeng _tl!-?!q-lill-.unﬁsl...sa basis for volume besed biling.
Matered Consumption” -_.E_._ 8_.6. i Budgel Amding fof mstel Egiigsg 5 achiawe venfiable SUCCHES i Temaving g..ﬁo.iﬂ-!.mﬁuzsgasngigﬁa sccuracy lesting program. Conduct planning gik.—%ﬁs
cOmponent] : st od mdeting maters. Tes! a minimal | mantl mebsr noadng harriers. Expand mater Bet meter regk b _ and budgeting for large scale meler
_ - volumae besed waler rale ||| number of meters for socuracy . inetad weturady hiatieg. Launch regulsr meter Egu = e regiacement bessd upon meter e cycie A8} mnd ibormeation
| %tl.. Ly structures | compulerizad biling wystar. teplacenent program. Conduct rutne audd Esﬂuﬁaux‘sg.eﬂésg_gg; Sncatytin uasing cumulatve fiow birget mranagement. | Flan snd taiget
mn__.l!. plobel statmtics. | Contrms routine sditing aerl requine annusl | Her stfied npgrades n melering,
| gt e third panty feview. f meter reaing and hifing data
“_E...-n__ll | management.”
| I
Water utidy pobicy does not Water Uity pokcy does require Waler ubiddy pobcy requ
e | voster cocs s |ERE cuttomer meteneg, Nstor Water utisty policy does requre melesng snd volume based metenng and volume based inh.-uﬂqﬁqu.ﬁlﬂ__
Wty 12 metar _“.u!.u__gaﬁ. nat fome< foe bifled Some metered metenng and volume based bslleng but exesnpbion exst for a tulirgy lov @l cusiomer ACCOUNTY (o P —————
e epsre biled _ﬂq..un!h accounts exmst in parts of the bl bet Lacics witten porbon of sccounts such a8 However. less than §% of tied Lt £uan 2% of blled accounts
and - jystern {pilot ateas or Dainct procedures and empioys casual unicpal Buddngs  As many & Sccounty femain rmeterad are unenetered and exssl becaite,
has been ered ATeRs) wih consumgtion aversighl, resultwg in up to 20% 15% of biled Aceoarts sk because becauss instalation is
corsumpbon.  Dnly estwmates Condtiom Condtions Condmons C met: by
Biled are detrved from recOIded On podany between | Of bed sccounts bebeved tabe | gy, i) between [orciers0 Byt between |unsual orcumstances The goal
dataisggers  Dats from thess unmelered. A rough estmate of of meter inslalation ddficutbey crtvatances The goalis to
detaled sudting [data estanaton methods Lang | 2ard 4 4and 6 GandB 8and 10 | exnts lo minemize the number of
that al customers & Sampie metsry ane used to infer the annual consumpbon for all Onfy a group esbmate of annual fnaamcze e Rumber N 10 the extant
e Fat werage of consumpbon lor the loksl unmetered sccounts is included consumption unmeterad unmelered accounts  Rekatie Ihat ts economical. Rebabl
altd meter g customer population  Sue i e annucal witet Sudd, with Ao sccounts is included in the estmates of consumgtion estmates of consumption
ureneterod e apeciiic estmation methods are rkpechon of Indnidksal annual water sudit, with no for obtained ot fhess Secounts via
sotounts kxst used G-.u:_lw_ﬂ.ulr.ii-ﬂ_ uiheteted accounts -leoneuﬂn-ﬂz_nﬁ. wia stte speciic estimation fic estmabon methods.
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10
AN -:.lnﬁgﬂn:ﬁau
sua.in.e.-a located outsite of the cuttomer
_oﬁas. s . st e buiking ackacent to the curbstop
bukbng hext 1o the, YVague pobcy exsts 1o defne ¥ l_s_o k posrd Creatty or boundary separaing
curtatop of tha dekresbon of water ity _S._I water ity Good pobty fequates Tiat the pra BR,.Q wltyfeustomet responsibilty for
boundary crwhership and customer and of the curtstop setves s the and the service connecton piping  In
Averagt length of customer | separatng Swnershe of the service S enerahe s dedneaton pont between water Cleat pobcy eyt 1 defiv B thes casa enler a value of Zero in
atiie by e -n.uguqlinaﬁssa Uity ownershp and Gustomer utity/customer responibaty fr ympect .-hum.:n-._!u-&n._ the Reportng Worksheet with a
.nu..uuﬂg are percetved as the Py i the othe |0 cwnershep of the service Cond service Connechon prpng B : st with gradng of 10
oo the gradung || P 2RPOW b Ehese have not i!ncnusn. !uﬂuﬁ: trovmi connechon papang  Curbeiops are Acturate, well-mantarned paper ekt B witer meters are
it been wek mantaned 9.55 el Huna.san.. |penetaty inszaed 23 neoded snd us!n(-n_ basic electonic recordeepng w.!u_-a.. pariodsc fiekd chcks !BB._..‘ u-_._n_s.o.. located impicta ustomer
s} Alzo sea the documented  Most are buned - by the e 1epgonably documented system ensts. Penods; field 5._::3 ‘ ‘buildengs, or ihe properies are
e Rt | ot otacured Thew locaton e . Thei location varies widely from checics contem ppng lengths for nh-lwﬂ it unmetered In ekthes case the
Dugram vanes widely from sae-to-s4 iiuonai.:!so-i? te-to-sde, and an estmale o & sampile of customer properbes : from the dutance l highly rekable since
workaheet | 270 estmateg et datance s thes datance is hrdiered by the ciniomer properes data ts draw from a Gengraphic |
artetrary due 10 the unknown n‘a!iroagnlg.ﬂ.s”_n svaidabilty of paper records. gg-%n—n‘i otmabon Eyslem and
lecation of many curimtops. measured in the fiekd rekabie iverage of the length conlrmed by routne k] checis
(2 quasty Jor 2 tomuatty for 4.
ettt of senics Rna I Y $ ot sepics pr o ensure that ; | {o ouakty for 10~ 5
I cl!glﬁ-.ﬁs.il [istatancrn. apect several | connection piging. Assest scraracy of paper | poley for curbaton, meter instetztonang |, ITelement !Que.tn..ﬁﬂ..-ln-o_ | Lik ezt 1 .., uoeceoie
L ¢ sies in the field waing pipe by fiald inapaction of 2 small sample b  documentation & foliowsd Gan consensus | 5y system and Gecgrap System | : |
Langth of Customer Ssnace bl t . system of lling imyshaT. and random feld validstion & ||
tocators t locake service using pipe locetors a8 | wethin the water uitdy for the of A, ). stsndasdze process for fekd verfication
Lina™ componant {Dbtain tha ength of i smal the 1 giiﬂo&i&.ﬂh—!ﬁﬁi of el | Improve nowledge of Ftem
Amepis of connections In this sysien yitem [l
I NN, to store safvice connection data.
Effectrve pressure controls
i .an-i&ﬁ-van‘ Lo separate diferent pressure Reable pressure controls
secords of zones, moderate pressure sepasate GEtnct pressura Zones.
i“a!unuaﬂc!ﬁ!- d sate «”“-uﬂui EE:‘-E only very occasonal open elmanaged, discrete pressure
rlem - oteasonsl Bpen boutaaly vales boundary valves a1e encounter Zones entt weh penerally
s i are terovered that breech tnat breech pressue zones Wil Bcctable pressure fuctuzhons. Well.managed pressure
& guesstmated based upon | gathered st icvciual sies ondy presuurg ones  Batuc telemetry eovered trkemetny montonng cutert hull-scale SCADA, daincta’zones, SCADA Sylem
this informaton and ground | when tow montonng of e desthbxubon Condtons the datnbuton sysiem kogs c yilenn exts Lo mandar the Cond: and hyataubt mode! st 1o give
VEFBgR ORErING PrEssED elevabans Het e arise >1 syziem logs pressice dala extenyivg presiure data water dastnbution system knd very prectse pressuns dila across
WETa0S Pressul batween between between between
topographical maps  Widely eterruned by averagng and electroncally  Pressure data 4and 6 y Pressure g Gandd collect data, Inchuding real tene and the water datnbubon system
pitem st gathered by gauges by gaugeskiataloggers ot fre estian teadng at Aversge sysiem pressun
exsues due to unduiating [affect .E..EE. dataloggers at fire hydrants o trydrants and bxpicngs when low epreseniatve tles acroas the rekably calculated from exiensive,
exram. high System head loss | ground elevations, syslem head tusiicarys when low pressure pressure complants anse, and ystem The average system tiable, and cross-checked data
and weaklemaoe pressure Joas and gaps . complants st Snd dunng hie duneg frs Niow Lests and system presiure B delemmmed from
controls further compromesa congrois in the datnbution Tiow testy gnd system fushing fusheyy Aveiage Dressune eliable ECADA System dala
the vakday of the average rstem Rekatie topographicsl dats detetaned by utang they mix of
essure calculabon, exsls. Average presuse i rehable cala
) ealculated using this mix of data
to.muakty ford- Lty for 8
ity ke 3 a to 1ee _ i Apedbitve. v |
Enploy pesux pe.ond g oqupment b gatner | PMOISEOIT) o e it for
!.sh&d_% _ﬂgis.alti;g Q;%R- Zorea o arass | natall y Conlrel arcd Deta o 5 i it A0
-ﬂiﬂ“—-! messuremenits from fre T !a._l_a!_gn 2 o e | Sﬂ-;;.}?“%.ﬂ- | !Ealll.- o Mﬁ! Otitamn sverage pr data trom ! Q”ﬂic‘i!ln
prading ‘Average Mrydrants. Locate accurste ||| nai_:l - supply hoad! enlering prossund | moded of the deatnbution system that has been \model of the #yelem
Dparetng Pressurs™ ¥ magw of service .“\nﬂnu.n Bia.”!_%i | zone or deliiel. Correct any faully [ressure tq}ngiﬁﬁ cakbrated via fiekl measurements in the water | %lﬂdstﬂ.
compooE £roa merest b Getlim k3o vatees, patialy open boundacy || OIS (PreUNe recucng velves, sknide e o ] er dmtntastion #ystem and confsmed in | Wh-a .l:_ﬂia
ground elevatiors Hessarch S plasi Fropary Eordgies | vaives, partially open boundary vaives S Gatherect o ek Sirvers 13 iSO I companson wih SCADA Systern data prossura daia oatibralion
pump deta thests i fnd siin e | snaure propery configared pressons Fones. At | wagng.
Prmp prassura/tiow ot v ﬂl._-_- __ _EI‘EEEEB! i REatu RSV |
characheristics _ et . activides lo generate sysiem-wide sverage
Fvemge pressure ] prembun |
P il s b I
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AWWA WLCC Free Water Audit Software:

Return to Repotting YWorksheet

|Average Length of Customer
| Service Line

The three figures shown on this
worksheet display the
assignment of the Average
Length of Customer Service
Line, Lp, for the three mast
common piping configurations.

: ||Figure 1 shows the i
configuration of the water meter |

outside of the customer building

‘| next to the curbstop valve. In

this configuration Lp = 0 since
the distance between the
curbstop and the customer
metering point is essentially
zero.

Figure 2 shows the
configuration of the customer
water meler located inside the
customer building, where Lp is
the distance from the curbstop
to the water meter.

Figure 3 shows the
configuration of an unmetered
customer building , where Lp is
the distance from the curbstop
to the first point of customer
waler consumption, or, more
simply, the building line.

In any water system the Lp will
vary notably in a community of
different structures, therefore
the average Lp value is used
and this should be
approximated or calculated if a
sample of service line
measurements has been
gathered.

Customer Service Line Diagrams

Back to Instructions

.
i rection Lp = 0 since meter
E L H at curb stop
[
'
1 "
1 "
[ 4
: S
d Curt KHchon
Paucel Bathieem
Connaction to '?-"' _ Frepeny L)
Water Maln | E / ° : Fauoet B
U
b
i :
Fiqure 1 Typical house connection: Meter at curb stop
g Not to scale

Prosasassty=nn

--.......g..-..-.--

‘,:Jll“ilf ]

Gure
Connection to e Propenty
Water Maln g / 7 soundary
, Vi
A ¥

Typical house connection: Meter inside property
Notl 1o scale

Figure 2
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Typical house connection: Unmetered

Figure 3 prbded i

AWWA Water Loss Confrol Committee Service Connection Diagram




AWWA WLCC Free Water 2Audit Software: Definitions

American Valer Vorks Assoaaicn Al Fighls Pesen ol FAEE . L T

I-Ju:ription

= unauthorized consumpticon + meter under-registration + data handling errors

Includes all types of inaccuracles assoclated with customer metering as well ag data
handling errors {meter reading and billing), plus unauthorized consumption itheft or
1llegal use}.

NOTE: Qver-registration of customer meters, leads to under-estimation of Real Losses.
Under-registration of customer meters, leads to over-estimation of Real Losses.

= billed metered + billed unmetersd + unbilled metered + unbilled unmetered

The volume of metered and/or unmetersd water taken by registered customers, the water
supplier and others who are implicitly or explicitly authorized to do so by the water
“ supplier, for residential, commercial and industrial purposes. This does NOT include
water sold to neighboring utilities {water exported).

Jauthorized consumption may include items such as fire fighting and training., flushing of
mains and sewers, street cleaning, watering of municipal gardens, public fountains,
frost protectien, building water, etc. These may be billed or unbilled, netered or
unmetered.

This is entered for unmmetered services and in cold or other areas where meters are
inatalled inmide homes and buildings. It is the length of customer service line either
between the utility's service connection (often at the curbstop) and the meter., or teo
the building line (first polnt of customer consumption) if customers are unmetered.
Note that the length ot service connection between the main and customer service line
is owned by the utility and its length and potential leakage is accounted for in the
UARL formula by the number of service conneccions.

What role does the "Averags Length of Customer Service Line™ parametsr serve in tha
Water Audit?

In many water distribution systems the water utility has maintenance responsibility for
a portion of the customer service piping from its connection point at the water main to
cthe cutrbstop valve located midway to the customer bullding. The customer is
responsible to maintain the customer service plping from the curbstop to the building
premiges. When leaks arise on customer service piping, water utilities respend faster
to repair leaks than customers when the leak is on piping under their responsibility.
Leak durationsa are longer on the customer-maintained piping than the utility-maincained
piping. The total length of pipe maintained by customers is cne of the components of
the Unavoidable hnnual Real Loss [UARL} eguation and is determined by multiplying the
average length of customer maintaired pipe, Lp by the number af customer service
connections. Therefore this parameter ip important to the calculation of the UARL and
the Infrastructure leakage Index (ILI).

k = o0 Serige Connes ko Dragram

The average pressure may be approximated when compiling the preliminary wacer audic.
Once routine water auditing has been established, a more accurate mssessment of average
pressure should be pursued. If the water utility infrastructure is recorded in a
m Geographical Information System (GIS) the average pressure at many locations in the

distribution system can be readily obtained. If a GIS does not exist, a weighted
average of pressure data can be calculated from water pressure measured at variocus fire
hydrants scattered across the water distribution system.

h All consumption that ig billed and authorized by the utility. This may include both
etered and unmetered consumption. See "Authorized Consumption® for more information.

11 metered consumption which is billed. This includes all groups of custowers such as
domestic, commercial, induscrial or inscitutional. It does NOT include water sold to
neighboring utilities (water exported) which is metered and billed. The metered
consumption data can be taken directly from billing records for the water audit period.
The accuracy of yearly metered consumption data can be refined by including an
adjustment to account for customer meter reading lagtime, however additional analysis ls
nacessary to determine the adjustment value, which may or may not be significant.

All billed conpumption which is calculated based on estimates or norms but is not
metered. This might be a very small component in fully metered systems (for example
m billing based on estimates for the period a customer meter is out of order} but can be
the key consumption component in systems without universal metering. It does NOT include
water sold to neighboring utilities (water exported) which is urmetered but billed.

I-number of connections / length of mains I

——— T ——
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Description

Apparent water lesses caused by the collective under-registration of customer water
meters. Many customer water meters will wear as large cumulative volumes of water are
passed through them over time. This causes the meters to under-register. The auditor
has twe options for entering data for this component of the audit. The auditor can enter
a percentage under-registration (typically an estimated value}, this will apply the
selected percentage to the two categories of metsred consumption to dstermine the volume
m of water not recorded due to customer meter inaccuracy. Alternatively, if the auditor

has substantial dara from meter testing to arrive ac their own volumes of such losses,
this velume may be entered directly. Note that a value of zero will be accepted buc an
alert will appear asking if the customer population is ummetered. Since all metered
systems have some degree of inaccuracy, then a positive value should be mntered. A
value of zero in this component is valid only if the water utility does not meter its
customer population.

The Customer Retall Unit Cost represents the charge that custeomers pay for water
gervice. This unit cost is applied to the components of apparent loss, since these
losees represent water reaching customers but not {fully) paid for. It ia important to
compile these costs per the same unit cost basis as the volume measurs included in the
water audit. For example, if all water volumes are measured in mlllion gallons, then
|the unit cost should be dollars per million gallon ($/mil gall. The software allows the
ugser to select the units that are charged to customers {either §/1,000 gallons,
$/hundred cublc feet or 5/1,000 litres) and autcmatically converts these units to the
units that appear in the *WATER SUPPLIED® box. Since most water utilities have a rate
structure that includes a variety of different costs based upon clage of customer, a
weighted average of individual costs and number of customer accounts in each class can
[be calculated to determine a single composite cost that should be entered into this
cell. Finally, the weighted average cost should alse include addicional charges for
sewer, stormwater or biosolids processing, if these

charges are based upon the volume of potable water consumed.

[ihe racic of the Current Annual R=al Losses (Real Losses) to the Unavoidable Annual Real
Lonnes (UARL) . The ILI iz a highly effective performance indicator for comparing
ibenchmarking) the performance of utilities in operational management of real losses.

Length of all pipelines (except service connections) in the system starting from the
point of system input metering (for example at the outlet of the treatment plant). It
is also recommended to include in this measure the total length of fire hydrant lead
pipe. Hydrant lead pipe is the pipe branching from the water main to the fire hydrant.
Fire hydrant leads are cypically of a sufficiently large size that is more
representative of a pipeline than a service connection. The averages length of hydrant
leads acrosse the entire system can be assumed if not known, and multiplicd by the number
of fire hydrants in the system., which can also be assumed if not known. This value can
then be added to the total pipeline length. Total length of maing can therefore be
calculated as:

Length of Hains, miles - {total pipeline length, miles) + [ [(average fire hydrant lead
length, £t} x {number of fire hyd:am:s)} / 5,280 ft/mile |

or

Length of Mains, kilometres = (total pipeline length, kilometres) + [ {{average fire
hydrant lead length, metres) x {number of fire hydrants}} / 1,000 metres/kilometre |

An estimate or measure of the degree of any inaccuracy that exists in the master meters
m measuring the Volume from own sources, Please also indicate if this adjustment is

because the master meters under-registered (did not capture all the flow} or over-
registered (overstated the actual flow). All gystems encounter some degree of error in
their Master Meter data. Please encer a positive value.

Apparent Loggesg eal Logses + Unbilled Metered + Unbilled Unmetered
ater which does not provide any revenue to the utility

Number of service connections, maim to curb stop. Please note that this includes the
actual number of discinet piping connections including fire connections whether active
or inactive. This may differ substantially from the number of Customers {or number of
accounts)

Physical water losses from the pregsurized system and the utility's storage tanks, up to
the point of customer consumption. In metersd systems this is the customer meter, in
urmetered situations this is the first point of consumption (stop tap/tapl within the
property.

The annual volume last through all types of leaks, breaks and overflows depends on
frequencies, flow rates, and average duration of individual leaks, breaks and overflows.

1 Water which is charged to customers to provide revenue to the ucilicy. I

Apparent water losges caused by systematic data handling errors in the meter reading and
hilling syastem.

—_—
These coBts include those for operaticns, maintenance and any annually incurred costs
for long-term upkeep of the system, such as repayment of capital bonds for
infrastructure expansion or improvement. Typical costs include employee salaries and
benefits, materials, equipment, insurance, fees, administrative costs and all cther
costs that exist to sustain the drinking water supply. These costs should not include
any costs to operate wastewater, biosolids or other systems outside of drinking water.

el
———— e - — = pPE— s ]
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Deacription

Includes water illegally withdrawn from hydrants, illegal connectiona, bypasses to
congumption meter or meter reading eqguipment tampering. while this compenent has a
direct impact on revenue, in most water utilities the volume is low and it is
recommended that the auditor apply a default value of 3.25% of the volume from own
sources. If the auditor has well validated data that indicates the volume from
unauthorized consumption is substantially higher or lower than that generated by the
default value then this value can be entered. However, for most water utilicies it is
recommended to apply the default value. Note that a value of zero will not be accepted
since all water utilities have some volume of unauthorized consumption occurring in
their system.

UARL (gallens/day)=(5.41Lm + 0.15Nc + 7.5Lt) xP,
or
UARL (litres/day)s(18.0Lm + 0.BNc + 25.0Lc) xP

where:

Lm = length of mains (miles or kilometres)
Nc number of service connections

Lo total length of customer service lines {mtles or kmj

Nc multiplied by the average distance of customer service line, Lp imiles or km}
Pressure (psi or metres)

P

Ghck lo see Serace Connechon Tyagel

The UARL is a theoretical reference value representing the technical low limit of

leakage that could be achieved if all of today's best technology could be successfully
applied, It i85 & key varimble in the calculatien of the Infrastructure Leakage Indax
{ILI). 1It is not necegsary that water utilities set this level as the rtarget level of
leakage, unless water is unusually expensive, scarce or both. 1’

|8OTE: The UARL calculation has not yet been fully proven as effective for very small, or
low pressure water distribution systems. If,

in gallons per day;
{Lm x 32} + Nc < 3000 or
|P <35pat

{Lm x 20) + Nc < 3000 or

P < 25m

then the calculated UARL value may not be valid. The software does not display a value
of UARL or ILI if either of these conditions is true.

F\ll consumption that is unbilled, but still authorized by the utility. See "Authorized

Consumpticn® for more information.

Metered Congsumption which is for any reason unbilled, This might for example include
mecerad consumption of the utility itself or water provided to institutions free of
charge. It dces NOT include water sold to nelghboring utilities (water exported) which
is metered but unbilled.

Any kind of Authorized Consumpticn which i3 neither billed nor metered. This component
typically includes items such as fire fighting, flushing of mains and sewers, atreet
cleaning, frost protection., etc. In most water utilities it is a small component which
ls very aften substantially overestimated. It dees NOT include water scold te neighbeoring
utilicies (water exported) which is unmetered and unbilled - an unlikely case. This
component has many sub-components of water use which are often tedious to identify and
quantify. Because of thig, and the fact that it is usually a small portion of the water
pupplied, it is recommended that the auditor apply the default value of 1,25% of the
velume from own scurces. Select the default percentage to enter this value., If the
water utility already has well validated data that gives a value substantially higher or
lower than the default volume, then the auditor should enter their own volume. However
the default approach is recommended for most water utilities,

Mote that a value of zero is not permitted, since all water utilities have some volume
of water in this component cccurring in their system.

The user may develop an audit based on one of three unit selections:

1) Milllon Gallons (Us)

2) Megalitres (Thougsand Cubic Metres)

3} Acre-feet

lonce this selection has been made in the ingtructione sheet, all calculaticns are made
on the bagig of the chogen units. Should the user wigh to make additional cenversionsg, a
unit converter is provided below (use drop down menus to select units from the yellow
unit boxes):

Enter Units Convert From.... Converts to.....

1] Milllon Gallons (US) | = | 2.08888 | Acre-feet
iconversion factor = 3.068883289713723}

e P — —— T TR

]
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Eesur:l.pt:ion

= =—
To use the percent value To enter a value choose this butten and enter

choose this butten - the value in the cell to the right

_Pcnnzi‘;‘ s 'I.Fl._y.ut _
O | =

WNOTE: For unbilled unmetered consumption and unauthorized consumption, & recommended
defaulc value can be applied by selecting the Percent option. The default values are
based on fixed percentages of water supplied and are recommended for use in this audit
unless the auditor has well valldated daca for thelr system, Default values ars shown
by purple cells, as shown in the example above,

If a default value is selected, the user does not need to grade the item; a grading
value of 3 is automatically applied (however, this grade will not be displayed).

—
The cost to produce and supply the next unit of water. (E.g., $/million gallons) This
cost is determined by calculating the summed unit costa for ground and surface water
m treatment and all power used for pumping from the source to the custemer. It sheuld aiso
include the unit cost of bulk water purchased as an import if applicable.

e ———————————————————————— e =
—Lme volume of treated water input to system from own production facilities I
- = — —

Bulk water sold and conveyed cut of the water discribution system. Typically this is
water sold to a neighboring water utility. Be sure to account for any export meter
inaccuracy in reperting this volume

s ——
Bulk water purchased to become part of the water supplied. Typically this is water
purchased from a neighboring water utility or regional water authority. Be sure to
account for any import meter inaccuracy in reporting this volume

= apparent losses + real losses

The difference between System Input and Authorized Consumption. Water losses can be
considered as a total volume for the whole system, or for partial systems such as
transmission or distribution systems, or individual zones. Water Losses consist of Real
Losses and Apparent Losses.

AWWA Water Loss Control Committee Definitions 4
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Once data has been entered intc the Reporting Worksheet, the performance indicators are automatically calculated.
How does a water utility operator know how well his or her pystem is performing? The AWWA Water Loss Control
Committee provided the following table to aseist water utilities is gauging an approximate Infrastructure Leakage
Index {(ILI} that is appropriate for their water system and local conditions. The lower the amount of leakage and
real losses that exist in the system, then the lower the ILI value will be.

Note: this table offers an approximate guideline for leakage reduction target-setting. The best means of setting
such targets include performing an economic aasessment of various loss control methods. However, this table is
useful if such an assessment is not possible.

eriersd ae = O 2 Q arge
& 1) 0] = = o - &l = = - = d 2 - O QO > _
Target ILI Range Pinancial Considevationsa _ Operational Considerations Water Resourcas Conslderations _
& i L 2 — P wur f
Water resources are costly to Operating with system leakage above [Available resources are greatly E
develop or purchase; ability to this level would require expansion |limited and are wery difficult
increase revenues via water rates is|of existing infrastructure and/or and/or environmentally unsound to
1.0 - 3,0 greatly limited because of additional water resources to meet |develop.
regulation or low ratepayer the demand.
affordability.
Water rescurces can be developed or |Existing water supply infrastructure|Water resources are believed to be
purchased at reascnable expense; capability is sufficient to meet sufficient to meet long-term needs,
periodic water rate increases can be|long-term demand as long as but demand management interventions
1.0 -5.0 feasibly imposed and are tolerated |reasonable leakage management {leakage management, water
et A by the customer population. controls are in place. conservation) are incliuded in the
long-term planning.
Cost to purchase or obtain/treat Superior reliability, capacity and |Water rescurces are plentiful,
water is low, as are rates charged |integrity of the water supply reliable, and easily extracted.
25.0 .0 to customers. infrastructure make it relatively

immune to supply shortages.

Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of
leakage is not an effective utilization of water as a resource. Setting a target level greater than 8.0 -
other than as an incremental goal to a smaller long-term target - is discouraged.

|
_

Greater than 8.0

If the calculated Infrastructure Leakage Index (ILI} value for your system is 1.0 or less, two possibilities
exisct. al you are maintaining your leakage at low levels in a class with the top worldwide performers in
leakage control. b] A portion of your data may be flawed, causing your losses to be greatly understated.
This is likely if you calculate a low ILI value but do not employ extensive leakage contrel practices in your
operations. In such cases it is beneficial to validate the data by performing field measurements to confirm
the accuracy of production and customer meters, or to identify any other potential sources of error in the
data.

Legs than 1.0

AWWA Waler Loss Control Commiltee Loss Control Planning 2
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A A
RESIDENTIAL
Minimum (0 to 5,000 gallons}
5,001 to 25,000 gallons
25,001 to 60,000 gallons
Over 60,000 gallons
CONDOMINIUMS
Minimum (0 to 5,000 gallons)
5,001 to 25,000 gallons
25,001 to 60,000 gallons
Over 60,000 gallons
COMMERCIAL
Minimum (0 to 5,000 gallons)
5,001 to 25,000 gallons
25,001 to 50,000 gallons
Over 50,000 gallons
APARTMENTS
Flat rate/thousand
RESIDENTIAL LAWN
Minimum
0 to 60,000 gallons

QOver 60,000 gallons

SUMMER SERVICE
Minimum
0 to 60,000 gallons

FFE

NOV R 012
$21.00 base charge

$ 3.40/thousand gallons
$6.30/thousand gallons

$10.00/thousand gallons

$21.00 base charge
$ 3.40/thousand gallons
$ 6.30/thousand gallons

$10.00/thousand gallons

$36.00 base charge
$ 2.80/thousand gallons
$ 3.80/thousand gallons

$ 3.80/thousand gallons

$4.25/thousand gallons

$21.00 base charge

$ 6.30 /thousand gallons

$10.00/thousand gallens

$21.00 base charge
$ 6.30/thousand gallons



Over 60,000 gallons
APARTMENT LAWN
Minimum

0 to 60,000 gallons
Over 60,000 gallons

MERCIA WN

Minimum

0 to 60,000 gallons
Over 60,000 gallons

N WN

Minimum

0to 60,000 gallons
Over 60,000 gallons
MUNICIPAL

Minimum (0 to 5,000 gals)
5,001 to 50,000 gallons
Over 50,000 gallons

SCHOOLS

Minimum{ O ta 5,000 gals)

5,001 to 50,000 gallons
Over 50,000 gafons
HOOL LAWN

Flat rate/ thousand

$10.00/thousand gallons

$21.00 base charge
$ 6.30/thousand gallons

$10.00/thausand gallons

$21.00 base charge
$ 6.30/thousand gallons

$10.00/thousand gallons

$ 21.00 base charge
$ 6.30/thousand gallons

$ 10.00 /thousand gallons

$36.00 base charge
$ 2.30/thousand gallons

$ 3.40/thousand gallons
$36.00 base charge
$ 2.30 /thousand gallons

$ 3.40 /thousand gallons

$ 3.50/thousand galions
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PWSID#: Year:

Name:

Town:

Flow Testing Water Use Log

Location of Flow test Date Time on Time off Total minutas GPM Gallons Used

Total Gallons:

Use as many of these sheets as necessary to account for all the water used for flow testing each year.
Include total Flow Testing volume for the entire year in UAW Table 3 in Section G of the ASR.
Aftach this sheet to Annual Statistical Report



PWSID#:

Name:

Town:

Hydrant / water main flushing record

Year:

Street

Hydrant no.

Date

time on

time off

Total minutes

GPM

Gallons Fiushed

Total Gallons:

Use as many of these sheets as necessary to account for all the water used for flushing each year.
Include total Hydrant/Water Main Flushing volume for the entire year in UAW Table 3 in Section G of the ASR
Attach this sheet to Annual Statistical Report.




PWSID#: Year:

Name:

Town:

Street Cleaning Water Use Log

Tank Sfze
Date (gallons) No. of tank fills Total Gallons

Total Gallons Used: 0

Use as many of these sheets as necessary to account for all the water used for street cleaning each year.
Include total street cleaning volume for the entire year in UAW Table 3 in Section G of the ASR
Attach this sheet to Annual Statistical Report.



PWSID#: Year:

Name:

Town:

Major Water Main Break Water Use Log

Duration of Break
Street/Location Date {minutes) Estimated GPM  Total Gallons

This is to be used for large, unexpected breaks requiring emergency action on the part of the PWS.
If another method of estimating water lost through the break is more appropriate {tank level decline,

pumping records, efc.) please provide records and/or calculations showing how the volume of water
lost was estimated.

Losses of water found through leak detection and repair are not to be included under main break losses.
Leak detection losses are included in unaccounted for water (UAW).

Use as many of these sheets as necessary to account for all the water lost to water main breaks each year.

include volume of water lost to water main breaks for the entire year in UAW Table 3 in Section G of the ASR.
Aftach this sheet to Annual Statistical Report.
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