September 26, 2016
Mr. Vydas Juskelis, P.E.
Director of Public Works
Village of Villa Park
20 South Ardmore Avenue
Villa Park, IL 60181
Subject: Villa Park – Water System Audit
Dear Mr. Juskelis:
The Village of Villa Park has recently experienced in increase in the amount of water lost from its water
distribution system. This is evident because although metered water consumption has been decreasing in
the Village from year to year, water purchases from the DuPage Water Commission (DWC) have been
increasing to a small degree. Because these water losses represent increased operating costs for the
utility, the Village decided to conduct an audit of the water system, following the methodology of
described in American Water Works Association Manual 36.
The water audit system developed by the AWWA is a process intended to determine the amount of water
losses and categorize the losses into two categories: Apparent Losses and Real Losses. Apparent Losses
are comprised of meter inaccuracies, water thefts, and data handling errors, whereas Real Losses
represent actual physical water leakage from the system. By quantifying these losses, Villa Park can make
informed decisions regarding how to allocate resources to reduce total water losses.
The contents of this report include the water audit conclusions and recommendations resulting from the
use of the AWWA Water Audit Software Version 5.0, additional data supplied by the Village, and our
analyses of the information.
In our opinion the results of the audit and our analyses of additional data indicate that the water losses
experienced by the Village are minimally comprised of substantial water main leaks and, instead, appear
to be mainly comprised of metering inaccuracies and unbilled metered or unmetered water uses.
Based on this, our recommendation is that the Village continue to focus available funding on meter
replacements and documenting water uses. The Village should continue to monitor actual leakage, but
the funding of this portion of the program should be secondary to meter and billing upgrades.
Very truly yours
STANLEY CONSULTANTS, INC.

Lawrence E. Thomas, P.E.
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Introduction
The Village of Villa Park experienced an increase in the volume of Non-Revenue Water1 beginning in 2015.
This increase is significant because the Village purchases water from the DuPage Water Commission
(DWC), making lost water a non-recoverable expense for the Water Utility. In addition, Illinois Department
of Natural Resources regulations currently sets the allowable limit for Non-Revenue Water at 12% of the
total supply. This allowance will soon decrease to 10% in 2019. This situation has led the Village to pursue
an independent water audit following the methodology of the American Water Works Association
(AWWA) Manual 36 entitled “Water Audits and Loss Control Programs”.
The AWWA Water Audit Software Version 5.0, on which the manual focuses, is designed to help water
utilities understand how water losses occur within their operating system and computes the costs that
these losses represent. The software requires a data validity score for each data point and considers this
score in the calculations of the final results. Cost data is also considered in the water audit, allowing the
value of the lost water to be determined.
This water audit report revolves around the results from use of the AWWA software, but examines
additional operational information in an attempt to provide a full picture of the fate of water entering the
Villa Park distribution system. In order to gain a comprehensive understanding of the long term operations
of the water utility, the report relies primarily on a composite six year average of operations data. In
addition to this, the water audit results from each of the past six individual years are located in Appendices
1-6 and will be referred to periodically in this report. Each of these water audits analyzes a one year period
from October to September, which is consistent with the reporting “Water Year” dates established by the
Illinois Department of Natural Resources LMO-2 Water Audit. Data for the months of August and
September 2016 was not available at the time of this report, but has been projected to allow the 20152016 year to be included in the analysis.
The audit requires certain data to be input in order to calculate the performance indicators. Information
considered includes the volume of water supplied, the volumes of water billed, metered, unbilled, and
unmetered. This data is used to calculate the Total Water Losses. With the Total Water Losses determined,
a value for customer metering errors based on available information is input, and the Total Water Losses
are divided between Apparent Losses and Real Losses.
In addition to the data required by the audit software, supplemental data provided by the Village was
used in these analyses. This data includes monthly supply, consumption and revenue, which allows for a
more granular analysis of water use trends, impacts of annual rainfall, and the number of annual water
main breaks.
The sections that follow provide the water audit worksheets, provide breakdowns of the results, and
explain how those results are calculated. Next, analyses of the results and additional data are presented.
Finally, recommended steps to reduce Total Water Losses and Non-Revenue Water are discussed.

1

Terms that have specific meaning and are defined later in this report are capitalized.
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Water Audit Results & Explanations
Based on the available information for the Water Years 2010 through 2016, the AWWA Audit Software
produced the following printout for Villa Park:

Figure 1: AWWA Water Audit Software, Reporting Worksheet 2010-2016
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Figure 2: AWWA Water Audit Software, Performance Indicators 2010-2016

Each section of the audit results are described in the paragraphs below.

Water Supplied
The Water Supplied section summarizes the amount of water that enters into the distribution system. For
the Village, this figure is represented solely by the amount of water imported from the DWC. Over the six
year analysis period, the volume of water supplied has remained relatively constant and has averaged
594.735 million gallons per year.
Because meter inaccuracies are very common, and meters almost exclusively under-report water flows, a
realistic meter error adjustment value of 1.5% for was used to account for the probable under reporting
of the primary meter.2 With this adjustment the average six year water supply volume was increased to
603.792 million gallons per year. This figure will be used throughout the audit.

Authorized Consumption
Authorized Consumption is a broad category that represents all of the water that is consumed with the
authorization of the utility, whether or not it is metered and/or billed.


2

Billed Metered Water includes water that is both metered and billed to residential, institutional,
governmental, industrial and commercial customers. The six year average for Billed Metered
Water consumption is 527.158 million gallons per year.

AWWA audit procedures require incorporation of a meter loss correction factor.
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Billed Unmetered Water includes water provided to any unmetered customers who are billed
based on an estimated water usage. This category is not applicable to this water audit because
Villa Park has no accounts of this type.
Unbilled Metered Water represents water provided to metered customers who are not invoiced
for their water usage. This represents water that is consumed for municipal and governmental
purposes, including high volume seasonal uses such as the Lufkin and Jefferson pools. Unbilled
Metered Water consumption accounts for an average of 19.810 million gallons per year.
Unbilled Unmetered Water is calculated by the software using a default assumption of 1.25% of
supplied water.3 This category accounts for water used to fight fires, flush water and wastewater
mains, clean streets and other uses of this nature. Additionally, interior fire service lines in the
Village are unmetered, and thus would fall into this category. The software computed the Unbilled
Unmetered Water consumption to be 7.547 million gallons annually.

These four categories combine to make up the total Authorized Consumption volume. Based on the
individual year analyses, Authorized Consumption was more or less constant for the 2011, 2012, and 2013
audit periods; while records indicate consumption spiked in 2014 and then drastically decreased in the
2015 and 2016 audit periods. Over the entire study period, the average Authorized Consumption was
554.515 million gallons per year. This volume will be used to determine the amount of Total Water Loss
in the system annually.

Water Losses
Once the Water Supplied and Authorized Consumption are determined, calculating the amount of Total
Water Lost is a simple subtraction. With a six year average of 603.792 million gallons per year being
supplied into the system, and 554.515 million gallons per year of Authorized Consumption; 49.276 million
gallons per year remain and therefore represent the annual Total Water Losses. This calculation is a basic
component of the audit process, but the value of the audit is to divide the Total Water Losses into two
categories: Apparent Losses and Real Losses. Knowing the relative size of these two types of loses allows
the utility to focus on the true causes of their missing water and direct resources effectively.


3

Apparent Losses are water losses due to any sort of inaccuracy within the system including
metering inaccuracies, systematic data handling errors, and unauthorized consumption.
Customer metering inaccuracies are the foundation of the Apparent Losses calculations and make
up the majority of the Apparent Losses. The Village conducted testing of a large sample of meters
to determine their accuracy. The meters were tested at low, medium, and high flow rates. The
weighted inaccuracy of the tested meters was approximately 8% (i.e., the meters recorded 92%
of the volume that passed through them). Concerns were raised by staff that this data may be
skewed and likely represent the meters to be less accurate than they are in reality. In addition,
only smaller, residential meters were tested, which left the larger commercial and industrial
meters, which tend to be more accurate due to the higher flows they experience, unrepresented
in the accuracy data.

This value is based on a national survey of water utilities.
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Stanley Consultants analyzed the locations of the meters that did not pass the accuracy test and
determined that the failing meters were scattered randomly throughout the Village and were not
localized in any single area.
Based on the available testing data, information that has been gathered regarding the meter tests,
and discussions with staff, the inaccuracy of residential meters was adjusted down to 5% for the
purposes of this audit. Using this value, the overall meter inaccuracy was corrected to 4% by
including large industrial and commercial meters. With these assumptions, 22.790 million gallons
are lost annually due to customer metering inaccuracies. To this, 1.318 million gallons per year
was added to account for systematic data handling errors, which was calculated based on a
default value of 0.25% of water supplied as required by the audit procedures. Additionally,
unauthorized consumption is estimated to be 1.509 million gallons per year as required by the
audit procedures. Combining these three volumes, the total annual Apparent Losses is 25.618
million gallons per year, which is equivalent to 9.83 gallons per service connection per day. The
cost (lost revenue) of these Apparent Losses to the utility is $193,100 annually based on the six
year average water rate.


Current Annual Real Losses (CARL) are actual water losses from water main and service line leaks.
Real Losses are calculated by subtracting Apparent Losses from Total Water Losses. Conducted in
this fashion, there is no true measurement of annual Real Losses, instead the volume of Real
Losses is comprised of those Total Water Losses that are not Apparent Losses. The Current Annual
Real Losses in the Villa Park system as calculated in this manner for the six year period is 23.659
million gallons per year. The annual cost of these Real Losses is $77,080.



Unavoidable Annual Real Losses (UARL) are calculated by an empirical equation provided in the
audit procedures and as shown in Equation 1.
Equation 1: Unavoidable Annual Real Losses

𝑈𝐴𝑅𝐿 = (5.4 ∗ 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑀𝑎𝑖𝑛𝑠 + 0.15 ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠 + 7.5
∗ 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠) ∗ 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ∗ 365 𝑑𝑎𝑦𝑠⁄𝑦𝑒𝑎𝑟
Based on this equation, the Unavoidable Annual Real Losses the Villa Park system should expect
are 44.24 million gallons per year. This figure is significantly higher than the calculated Real Losses
(23.66 mgy), which suggests that the actual leaks in the Villa Park system are significantly less than
its peers. However, it should be noted that there is a large amount of uncertainty that is associated
with the empirical formula above. For the purposes of the audit, any Real Losses that exceed the
quantity of UARL will be considered to be Avoidable Real Losses (in this case, zero).


Infrastructure Leakage Index (ILI) is an indicator developed by the International Water
Association (IWA) and AWWA used to compare Current Annual Real Losses (CARL) with
Unavoidable Annual Real Losses (UARL). The ILI is a ratio of CARL divided by UARL. In this manner,
an ILI of 1.0 implies that Real Losses are equivalent to Unavoidable Annual Real Losses, and an ILI
of 2.0 implies that actual Real Losses are twice as much as Unavoidable Annual Real Losses. For
this composite audit, the Infrastructure Leakage Index is 0.68. This means that the Village’s actual
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Real losses are theoretically about two thirds of the Unavoidable Annual Real Losses and are lower
than normally found.


Non-Revenue Water is comprised of the unbilled metered and unbilled unmetered supply, plus
Total Water Losses. This is the metric that the Illinois Department of Natural Resources is using to
determine water conservation compliance. According to IDNR requirements, Non-Revenue
Water must be below 12% currently, and below 10% by 2019. For comparison, the six year
average Non-Revenue Water volume for the Village was 76.634 million gallons per year, which
represents 12.7% of supplied water. This number spiked as high as 18.6% in the 2015 analysis
period. Additionally, averaged over six years, the cost of the Non-Revenue Water is 10.2% of the
Village’s total operating cost.

System Data


Length of mains in the Village is an important figure for calculating the Unavoidable Annual Real
Losses (UARL). An increased length of main results in calculating a higher figure for UARL. The
Village has 71.19 miles of water mains. The AWWA Manual 36 instructs auditors to add 10 feet
for every hydrant in the system, which brings the total length of water mains to 81.1 miles.



Number of service connections is an important figure in this audit because leaks commonly occur
at and on service connections. The number of connections in the system will affect the calculated
volume of UARL. The Village has approximately 7,140 service connections in the water system.



Average length of customer service lines, according to the AWWA, is the length of service line
from the curb stop to the meter. In order to include the entire length of the service line all the
way to the water main, Stanley Consultants has decided to designate the average service
connection as 70 feet, which is roughly the length of one half of the right of way and the average
setback of a structure on a property. The average length of customer service lines is used by the
software to calculate the Unavoidable Annual Real Losses.



Average operating pressure is most simply determined from the water level in the Village’s
elevated water storage tank, which controls the pressure throughout the entire distribution
system. The bottom of the tank is elevated about 93 feet from ground level, and the water level
in the tank is usually near 30 feet for a total above grade elevation of 123 feet. This elevation of
the water level in the tank to the water main creates an average operating pressure of about 54.6
psi at the base of the tank.

Cost Data


Total annual cost of operating the water system is based on the fixed and operating and
maintenance costs of the water system, including water purchases. This data is used to determine
the Non-Revenue Water as a percent of the overall cost of operating the system. The 6 year
average annual operating cost of the water system is $3,534,618.
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Customer retail unit cost is used to calculate the cost of Apparent Losses because Apparent Losses
represent water that is used by an end consumer but not metered or billed, therefore costing the
Village the retail price of all Apparent Losses. The average water rate set by the Village over the
six year analysis is $7.54.



Variable production cost is the cost to produce one million gallons of water. For this audit, this
figure was determined based on the unit charge set by the DuPage Water Commission (DWC).
This cost is used to determine the cost of Real Losses, which represents water that leaks out of
the distribution system and thus increases the amount of water purchased from DWC. The
average variable production cost is $3,258 per million gallons.

Water Audit Data Validity Score
The data validity score serves as a reference point from which the auditor and the utility can develop a
sense of confidence in the data being used for the analysis. After all the information is input into the
program, a data validity score is generated by grading the data. In this case, the validity score is 68 which
places Villa Park in the high end of Level III (51 – 70) of the Water Loss Control Planning Guide matrix.
What this means is that the data provided is of a high enough level that it can be trusted to be used to
make decisions. However, efforts should continue be made to improve the reliability of the data primarily
by establishing procedures for consistent data collection.

Discussion and Analyses
Water Audit Results Analysis
The results from the six year compiled water audit, as discussed above, are summarized in Table 1.
Table 1: Summary of Compiled Six Year Water Audit Results

Indicator
Water Supply
Authorized Consumption
Apparent Losses
Real Losses
Total Water Losses
Unbilled Metered
Unbilled Unmetered
Non-Revenue Water
Infrastructure Leakage Index:
(CARL/UARL)

2011-2016 Average
Volume (mgy1) Percent of Supply Water
603.792
100%
554.515
91.8%
25.618
4.2%
23.659
3.9%
49.276
8.2%
19.81
3.3%
7.547
1.2%
76.634
12.7%
0.53 (dimensionless)

1: mgy = million gallons per year

The results from the water audit for 2011-2012 and most recent complete analysis year, 2014-2015
(Appendix 5), are summarized side by side for comparison below in Table 2.
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Table 2: Summary of 2011-2012 and 2014-2015 Water Audit Results

Indicator
Water Supply
Authorized Consumption
Apparent Losses
Real Losses
Total Water Losses
Unbilled Metered
Unbilled Unmetered
Non-Revenue Water
Infrastructure Leakage Index:
(CARL/UARL)

2011-2012
Volume
Percent of
(mgy1)
Supply Water
611.992
100%
561.637
91.8%
25.957
4.2%
24.398
4.0%
50.355
8.2%
16.276
2.7%
7.650
1.3%
74.281
12.1%
0.55 (dimensionless)

2014-2015
Volume
Percent of
(mgy1)
Supply Water
605.926
100%
519.419
85.7%
24.075
4.0%
62.432
10.3%
86.507
14.3%
18.452
3.1%
7.574
1.2%
112.533
18.6%
1.41 (dimensionless)

1: mgy = million gallons per year

The most obvious discrepancy between these two years of data is the amount of Total and Real Water
Losses and therefore the change in the amount of Non-Revenue Water. The results from 2014-2015 show
a 71.8% increase in Total Water Losses and a 156% increase in Real Water Losses over the 2011-2012
results, suggesting that Real Losses (i.e. system leakage) has been increasing over time. This increase in
Real Losses had lead to a 51.5% increase in Non-Revenue Water. Base on this past year’s data, this trend
has continued into the 2015-2016 period. Figure 3, below, plots a moving 12-month average of the volume
of water supplied, billed, and lost. The figure clearly shows a pattern of increasing Total Water Losses.
(Figure 3 is based on a 99% confidence interval analysis, therefore removing statistical outliers from the
analysis.)
Figure 3 includes data extending back to 2007 to better display the overall trend of increased water losses.
This chart confirms what the Village staff already knew; that the purchased water supply has remained
largely constant over the last six years while the amount of billed water usage has gradually declined. The
growing gap between billed water and purchased water supply represents the growing amount of water
losses, which are shown in blue at the bottom of the chart.
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Figure 3: Moving 12 Month Average: Billed vs. Pumped Water, 99% Confidence Interval

Overall, Figure 3 confirms that Total Water Losses are indeed increasing. It should be noted, however,
that the data could be showing an increase in water losses for reasons other than an increase in physical
losses (Real Water Loses) from the system. For example, it is possible that an increase in meter underreading could lead to the data showing an increase in water losses. This possibility cannot be ruled out
without meter accuracy test results for each year analyzed, but it is not believed to be the primary cause
of the growing water losses. The Village’s continued effort to replace old customer meters with new
magnetic meters should be actually increasing the overall accuracy of the system water metering.
It is also known that from 2012-2016 the number of water main breaks per year has either remained
constant or decreased to a small extent. This fact confirms that an increased number of water main breaks
is not the likely cause of the increased water losses. Thus, the explanation with the highest probability of
being correct is that the increased water loss trend seen in Figure 3 is the result of an increase in the
amount of Real Water Loses due to an increasing amount of system leakage that is not associated with
large, easier to locate, water main breaks.
Critically, the Village must know and understand the proportion of Apparent Losses and Real Losses within
the Total Losses in order to allocate resources properly. In the past, when losses were consistently smaller,
water losses were made up primarily of Unavoidable Annual Real Losses (UARL) and Apparent Losses.
However, due to the way these values are calculated, Apparent Losses and UARL remain fairly constant

Villa Park Water System Audit

September 26, 2016

Page 10

from year to year, meaning that the increase in Total Water Losses must be allocated to Real Losses. It
should be noted that Apparent Losses remain constant for this analysis because the meter accuracy
testing was only conducted once, rather than repeatedly. Total Water Losses for the 2014-2015 period
are categorized below in Figure 4.

Figure 4: Breakdown of Total Water Losses, 2014-2015

Figure 4 shows that Unavoidable Annual Real Losses (44.36 mgy) comprise about half of the Total Water
Losses (86.51 mgy), and the other half is nearly evenly divided between Avoidable Real Losses (18.08 mgy)
and Apparent Losses (24.08 mgy). These water losses are important because they represent lost revenue
for the Village. The costs that these losses represent are outlined in Table 3.
Table 3: Annual Cost of Water Losses

Avoidable Real Losses
Apparent Losses

Million Gallons Current Cost Per 1000 Gallons1
18.08
$4.85
24.08
$8.53

Total Cost
$87,700
$205,400

1: Based on current Village water rates and DWC rates. The DWC purchase price is used for Avoidable Real Loses
because it represents the actual cash payment by the Village for the water. The total Village rate is used for
apparent losses because it represents the actual lost revenue.
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Water Audit Results Comparison
It is helpful to provide context for this report by comparing the Villa Park audit results to data from across
the country. In 2015, the Water Research Foundation (WRF) and the Environmental Protection Agency
(EPA) published a report titled Water Audits in the United States: A Review of Water Losses and Data
Validity. In this report, 4,575 water audits were submitted from five state entities from across the country
to be analyzed. Table 4 compares the Village’s 2010-2016 audit results to the results from the water audits
analyzed in the WRF report.
Table 4: 2010-2016 Water Audit Results Compared to WRF Report Median

Performance
Indicator

Apparent Losses
Real Losses
Infrastructure
Leakage Index (ILI)

Villa Park (2011-2016)
gal/service
million
connection/day gallons/year
9.83
25.618
9.08
23.659
0.53
(dimensionless)

WRF Report Median1
gal/service
million
connection/day
gallons/year
5.73
14.933
39.88
103.931
2.48
(dimensionless)

1: Source: (WRF, EPA, 2015)

For the six year average data, as well as every individual year in the analysis until 2014-2015, the average
Infrastructure Leakage Index (ILI), a ratio of Current Annual Real Losses (CARL) divided by Unavoidable
Annual Real Losses (UARL), is less than 1.0 and well below the WRF report median of 2.48. A low ILI is
good because it demonstrates that there is relatively little water leaking from the distribution system
compared to what is expected as the minimal level to be achieved. Having an ILI value of less than one
such as the case here is unusual, but not uncommon on a nationwide basis. Nearly 33% of audits
submitted to the WRF report had ILI values of less than one. It should also be noted that the formula used
to calculate the UARL includes a confidence interval that can be has high as 30% (Lambert, 2009), which
adds a level of uncertainty to the determination of this factor.
The table also demonstrates two important facts that should help guide the allocation of resources. First,
the Villa Park Apparent Losses per service connection are significantly higher than the national averages
(9.83 vs. 5.73). The fact that the Apparent Losses are relatively high is a result of the high level of water
meter inaccuracy that we found. Second, the Real Losses in Villa Park are much less than the national
norm indicating the system has a low level of leaks relative to its peers.
It is also worthwhile to compare the audit results for the most recent complete year to the audits in the
WRF report. Table 5 shows how the 2014-2015 analysis year compares to the medians from the WRF
report.
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Table 5: 2014-2015 Water Audit Results Compared to WRF Report Median

Performance
Indicator

Apparent Losses
Real Losses
Infrastructure
Leakage Index (ILI)

Villa Park (2014-2015)
gal/service
million
connection/day gallons/year
9.24
24.075
23.96
62.432
1.41
(dimensionless)

WRF Report Median1
gal/service
million
connection/day
gallons/year
5.73
14.933
39.88
103.931
2.48
(dimensionless)

1: Source: (WRF, EPA, 2015)

Despite the Total Water Losses in Villa Park being at their highest in the 2014-2015 year, as previously
discussed, both the Real Water Losses and the Infrastructure Leakage Index are substantially lower than
the WRF report median. What this reveals is that while the increase in Total Water Losses in the most
recent year is cause for concern, the losses are still not excessive on a comparative basis. Regardless, even
though losses are below the median from the WRF report, the Village is still above the IDNR limit for NonRevenue Water and reductions are needed to the components that make up that metric.

Discussion of Non-Revenue Water
The Non-Revenue Water metric is comprised of three components: Water Losses; Unbilled Metered
Water; and Unbilled Unmetered Water. Therefore, reducing Non-Revenue Water to below the 10% limit
imposed by the IDNR involves minimizing both Total Water Losses and unbilled consumption. Reduction
of Water Losses entails reducing both the Real Losses and the Apparent Water Losses. As we have seen
the Real Water Losses in Villa Park are low relative to its peer communities. In Reporting Year 2014-15
Real Water Losses constituted a total of approximately 120 gpm and of this amount only 34 gpm is
considered avoidable (based on national data). While leaks should be monitored and repaired as found,
the targets for this program are currently relatively small and difficult to locate. An annual leak detection
program remains warranted, but the resources directed to this effort should be limited to current levels.
Apparent Losses include unauthorized water consumption, metering inaccuracies, and system data
handling errors. Recent inspections of facilities have found a number of improper connections to the
water system that may have resulted in unauthorized water consumption. These inspections should be
continued on an ongoing annual basis to check the condition of fire systems, meters, and interior piping
with buildings with fire protection systems or large meters being inspected on a three to four year cycle.
Uncertainties associated with establishing the accuracy of meters appears to be one of the main issues to
resolve in the Villa Park system. As noted above, the Village’s Apparent Losses are higher than normal
primarily as a result of the meter accuracy problem. The Village should work to improve the testing
program to better identify the true accuracy of the meters and to replace older meters that have the
potential to under report water flows. These efforts will provide the Village with the best return on its
investments by allowing it to limit water consumption uncertainty and bill as much of the water as
possible.
Other contributors to Non-Revenue Water can be reduced by changing how water is accounted for in
some specific situations. The unbilled metered water category should be eliminated and all metered
water invoiced even if this procedure requires issuing a refund for the water consumed. For example, the
Recreation Department should be issued an invoice for the water used to fill and maintain the public
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pools. While cumbersome, this process is needed to comply with IDNR regulations which include unbilled
metered water in the Non-Revenue Water category. The same holds true for contractor meters for both
public and private projects.
The unbilled unmetered category should also be reduced. The Fire Department use of water for
firefighting and hydrant testing fits into this group. It is not practical to require the installation of meters
on fire hydrants during an emergency, but the amount of water used to fight a fire or maintain and test
hydrants should be quantified and an invoice issued for the estimated volume of water. The Village can
then issue a refund to the department for the expenditure. Again, this is cumbersome, but necessary to
achieve the Non-Revenue Water goals set by the IDNR.
Another possible method of reducing Non-Revenue Water is to create a new billing category for water
used for private fire protection systems. With information from the Water Audit results and
supplementary data from the Village, the cost of providing fire protection services can be distributed to
those buildings with private fire line connections.
Based on the Water Audit results, the Village has an estimated 7.517 million gallons of annual unbilled
unmetered consumption. For the sake of this analysis, it will be assumed that the majority of this volume
is used in firefighting. At the current water rate of $8.53 per 1000 gallons, this unbilled unmetered
consumption represents $64,120 for the water utility. Table 6 shows how the cost of this water could be
allocated.
Table 6: Allocation of Cost between Public and Private Fire Protection

Size of
Connections
(in.)
0.75
1
2
Private Fire
3
Line
4
Connections
6
8
Total
Public Fire
Line
6
Connections
(Hydrants)

No. of Service
Connections

Demand
Factor1

Equivalent
Connections

Percent
Allocation

Cost
Allocation

1
2
12
3
77
34
13
142

0.47
1.00
6.19
17.98
38.32
111.31
237.21

1
2
74
54
2951
3785
3084
9951

8.09%

$5,184.96

1016

111.31

113,092

91.91%

$58,935.04

1: Demand factor is size of service connection raised to the 2.63 power per the Hazen-Williams Equation (AWWA,
2012).

With the cost categorized between private and public connections, a fee can then be calculated for each
private fire protection system connection according to the size of the connection, as seen below in Table
7.
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Table 7: Distribution of Private Fire Protection Cost

Size of
Connections (in.)
0.75
1.0
2.0
3.0
4.0
6.0
8.0
Total

Equivalent
Connections
0.47
2.00
74.3
54.9
2951
3785
3084
9950

% of Private Equivalent
Connections
0.005%
0.02%
0.75%
0.54%
29.66%
38.04%
30.99%
100%

Annual Cost per
Connection Size
$0.24
$1.04
$38.71
$28.11
$1,537.63
$1,972.24
$1,606.99
$5,184.96

Annual Cost
per Connection
$5.00
$5.00
$5.00
$10.00
$20.00
$60.00
$125.00

This system could then be used to account for an additional 600,000 gallons per year (8.1% of the
unmetered unbilled consumption) and remove it from the Non-Revenue Water.

Summary
Overall, the volumes of Total Water Losses and Non-Revenue Water have been increasing the past couple
of years causing the most recent analysis periods to have greater Total Water Losses and Non-Revenue
Water volumes compared the previous periods. Because the Apparent Water Losses stay consistent each
year, or even reduce slightly due to meter replacements, the increase in Total Water Losses must be due
to an increase in Real Water Losses in the system. Of the Total Losses for 2014-2015, 51.3% are
Unavoidable Annual Real Water Losses, 27.8% are Apparent Water Losses, and the remaining 20.9% are
Avoidable Real Water Losses. Accordingly, the Apparent Water Losses represent $205,400 in lost annual
revenue which is more than twice the Avoidable Real Water Losses annual purchase cost of $96,700.
The 2015-2016 period is repeating this trend and, when the last two months of data are finalized and
input into the audit, the 2015-2016 period will have very similar water loss figures and likely higher
amounts of lost revenue. By using its resources strategically, the Village should be able to recover some
of the lost revenues in the future.

Recommendations
The results from the water audit can be used to help the Village determine how to allocate its resources
to mitigate the increasing water losses. Base on the audit results, the Apparent Water Losses experienced
by the Village’s water operation are more concerning than the Real Losses and thus resources should be
allocated with a higher priority to resolving the Apparent Water Loss. The Village experienced over
$96,000 in lost revenue in the 2014-2015 period due to Avoidable Real Losses. However, many of these
leaks are small and not economically viable to find and repair. The Village can reasonably expect to detect
and repair enough leaks to reduce the Avoidable Real Losses by approximately 30 gallons per minute. To
achieve this reduction, the Village can realistically spend $20,000 to $30,000 per year on leak detection
and repairs and reduce water purchase costs sufficiently to recoup the expenditure. Exerting more efforts
to recover Real Losses may not result in sufficiently reduced costs to justify the expense. Based on this
recommendation, the Village’s current annual budget of $15,000 for leak detection is appropriate and
leaves an additional $15,000 for pipe repairs. Additionally, the Village should expand the leak detection
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program to include private water mains serving commercial developments on a periodic basis to assure
these mains are not a source of water loss.
Apparent Losses account for over $205,000 in annual lost revenue. If the customer metering system was
operating at its highest anticipated efficiency (approximately 98% accuracy) rather than the current level,
the Village could potentially see annual revenues increase by approximately $102,000. The Village can
invest a substantial amount in meter upgrades and recover its investment in a fairly short period of time
through reduced Apparent Losses and increased revenue. Capital funding for meter replacement projects
are eligible for participation in the IEPA State Revolving Low Interest Loan Fund.
Other recommendations include:











As a part of the meter replacement program the Village should continue to replace aging customer
meters with new, more accurate iPerl magnetic meters.
The Village currently replaces meters larger than one inch with Sensus Omni C2 compound water
meters. Comparing the compound meters to the equivalent Sensus magnetic meter, it is clear
that the Omni C2 meter has a smaller range of reliable flow rates, but the Omni C2 has a greater
capability to record low flows accurately. The magnetic meters have higher flow capabilities, but
less accurately record low flows, according to the respective specifications (Appendix 7). Based
on these meter specifications, the Village should continue to install the Sensus Omni C2 meter
due to its superior ability to record low flow rates.
The Village should continue to improve the meter testing program and data to assure the testing
results are accurate and practical. AWWA recommends that meters 5/8 inch to one inch be tested
at least once every 10 years and larger meters be tested more frequently (AWWA, 2009). The
Village has approximately 6,900 meters one inch or smaller and approximately 230 meters larger
than one inch, but no meters larger than four inches. Following the AWWA recommendation, the
Village should test about 690 smaller meters and 46 large meters each year, for a total of about
700-750 meter tests annually. With the exception of meters installed within the past five years,
meters should be randomly selected for testing. The testing should be completed using proper
techniques to assure data is accurate. Following this recommendation will allow the Village to
efficiently replace failing meters and reduce the uncertainty of available data for future water
audits.
The Village should continue to conduct private fire system inspections on an ongoing annual basis
to check the condition of fire systems, meters, and interior piping. Buildings with fire protection
systems or large meters should be inspected on a three to four year cycle.
The Village should reduce the volume of Non-Revenue Water by eliminating the unbilled metered
water category by sending all users invoices for metered water use including Village Departments
and contractors. This step is critical for reducing Non-Revenue Water in conformance with IDNR
regulations.
The Village should also reduce the volume of Non-Revenue Water by reducing the volume of
water in the unbilled unmetered water category by estimating water usage by the Fire
Department and invoicing the Department for this use (with reimbursement). This step is critical
for reducing Non-Revenue Water in conformance with IDNR regulations.
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The Village should consider implementing a fire line annual fee to account for water losses in
private fire lines. These fees should applied to reduce the Non-Revenue Water volume by 600,000
gallons per year.
The Village should confirm the flow requirements for all meters larger than 1-inch and downsize
the meters where possible.
The IDNR regulations require the Village to complete a water audit each year. Now that the initial
audit is completed subsequent audits should be much less time consuming to complete and the
Village’s available data should be improved with these recommendations. The Village can expect
the data validity score and the overall usefulness of the water audit to increase as the water utility
becomes familiar with the audit and data collection process.
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Appendix 1: Water Audit Results 2010-2011
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Appendix 2: Water Audit Results 2011-2012
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Appendix 3: Water Audit Results 2012-2013
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Appendix 4: Water Audit Results 2013-2014
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Appendix 5: Water Audit Results 2014-2015
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Appendix 6: Water Audit Results 2015-2016

Villa Park Water System Audit

September 26, 2016

Page 29

Villa Park Water System Audit

September 26, 2016

Page 30

Appendix 7: Water Meter Specifications

Villa Park Water System Audit

September 26, 2016

Page 31
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OMNI C2
TM

Specifications

1-1/2”, 2”, 3”, 4”, 6”, 8” and 10” Sizes
SCOPE

OPERATING CHARACTERISTICS

These specifications set forth the minimum acceptable design
criteria and performance requirements for Compound-type
cold water meters including the following potential service
applications and general considerations:

• Intended where a wide flow range is anticipated
• Measurement of water usage for critical billing applications
• Measurement intended for typical commercial and
industrial applications requiring lower flow sensitivities

• Measurement of low flow usage below OMNI T2 Meter
threshold levels

• Measurement of constant low to medium flows up to high
flow usage

CONFORMANCE TO STANDARDS
The meter package shall meet or exceed all requirements of
ANSI/AWWA Standard C701 and C702 for Class II compound
and turbine meter assemblies. Each meter assembly shall
be performance tested to ensure compliance.
The meter package shall meet or exceed all requirements of
NSF/ANSI Standard 61, Annex F and G.

MAINCASES
The meter maincase shall be of epoxy coated ductile iron
composition. The epoxy coating shall be provided as standard fusion-bonded and adhere to NSF for non-lead regulation compliance.

PERFORMANCE
The meter assembly shall have performance capability of
continuous operation up to the rated maximum flows as
listed below without affecting long-term accuracy or causing
any undue component wear. The meter assembly shall also
provide a 25% flow capacity in excess of the maximum flows
listed for intermittent flow demands. Maximum headloss
through the meter / strainer assembly shall not exceed those
listed in the following table per meter size.

Operating
Range

Intermittent
Flows

(98.5 - 101.5%)

(98.5 - 101.5%)

.5 to 160 GPM

200 GPM

6.9 PSI @ 160 GPM

.25 GPM

.5 to 160 GPM

200 GPM

4.3 PSI @ 160 GPM

.5 GPM

1.0 to 400 GPM

500 GPM

3.2 PSI @ 400 GPM

Meter
Size

Low Flow
(95% Min.)

1-1/2”

.25 GPM

2”
3”

Pressure Loss
(Not to Exceed)

4”

.75 GPM

1.5 to 800 GPM

1000 GPM

6.4 PSI @ 800 GPM

6”

1.5 GPM

3.0 to 1600 GPM

2000 GPM

5.5 PSI @ 1600 GPM

8”

2.5 GPM

4 to 2700 GPM

3400 GPM

4 PSI @ 2700 GPM

10”

3.5 GPM

5 to 4000 GPM

5000 GPM

4.5 PSI @ 4000 GPM

MEASURING CHAMBER
The measuring chamber shall consist of a measuring
element, removable housing, and all-electronic register.
The measuring element shall be mounted on a horizontal,
stationary stainless steel shaft with sleeve bearings and
be essentially weightless in water. The measuring element
comes integrated with the advanced Floating Ball Technology
design. The measuring chamber shall be capable of
operating within the above listed accuracy limits without
calibration when transferred from one maincase to another
of the same size. The measuring shall be so configured to
capture all flows as specified above, without the requirement
of an automatic valve.

DIRECT MAGNETIC DRIVE SYSTEM
The direct magnetic drive shall occur between the motion
of the measuring element blade position and the electronic
register. The OMNI direct drive system with Floating Ball
Technology is designed to extend service life, enhance
low flow sensitivity and provide extended flow capacity and
overall accuracy of the meter assembly. Any and all additional
intermediate, magnetic or mechanical, drive couplings are
not acceptable.

ELECTRONIC REGISTER
The meter’s register is all-electronic and does not contain any
mechanical gearing to display flow and accurate totalization.
The electronic register includes the following patial list of
features:

•
•
•
•
•
•

AMR resolution units fully programmable
Pulse output frequency fully programmable
Integral data logging capability
Integral resettable accuracy testing feature
Large, easy-to-read LCD display
10-year battery life guarantee
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MAXIMUM OPERATING PRESSURE

CERTIFICATIONS AND MARKINGS

The meter assembly shall operate properly without leakage,
damage, or malfunction up to a maximum working pressure
of 200 pounds per square inch (psig).

All sizes of meter packages shall display the sizes, model,
manufacturer name, and direction of flow. Such display shall
be cast on the side of the meter maincase.

STRAINERS

GUARANTEE AND MAINTENANCE
PROGRAM

The meter strainer shall be integral and cast as part of
the meter’s maincase. The strainer’s screen shall have a
minimum net open area of at least two (2) times the pipe
opening and be a V-shaped configuration for the purpose
of maintaining a full unobstructed flow pattern. The strainer
body shall be a coated ductile iron fusion-bonded epoxy
identical to that of the meter’s maincase. All fasteners shall
be stainless steel capable of maintaining the following static
pressure ratings and physical dimensions:
Meter
Size

Maximum Working
Pressure

Centerline to
Strainer Base

Overall Length
(Not to Exceed)

1-1/2”

200 PSIG

2-5/16 INCHES

13 INCHES

2”

200 PSIG

2-5/16 INCHES

15-1/4 INCHES

3”

200 PSIG

4-1/8 INCHES

17 INCHES

4”

200 PSIG

4-3/4 INCHES

20 INCHES

6”

200 PSIG

5-3/4 INCHES

24 INCHES

8”

200 PSIG

6-3/4 INCHES

30-1/8 INCHES

10”

200 PSIG

8-1/2 INCHES

41-1/8 INCHES

STRAIGHTENING VANES
A straightening vane assembly is mandatory and shall be
positioned directly upstream of the measuring element. The
straightening vane assembly shall be an integral component
of the measuring chamber.

Meters shall be guaranteed against defects in material
and workmanship for a period of one (1) year from date
of shipment. In addition, the meter supplier shall submit
nationally published literature clearly outlining its factory
maintenance program and current price schedule covering
complete measuring chamber exchange.

INTENT
Subject meter specifications are designed to establish
minimum guidelines for selecting an extremely critical
metering device. Areas of concern to be evaluated in the
selection process include, but are not limited to, ease of
installation, operational features and benefits, readability
and future system maintenance expense. A design, which
reflects longevity of proper operation in all elements and high
degree of sustained accuracy within the entire range of the
meter assembly, is to be considered mandatory. Enhanced
accuracy levels and performance are desired and will not be
compromised.

RECOMMENDATION
Sensus OMNI C2 Meter

CONNECTIONS
Flanges for the 1-1/2” and 2” size meter assemblies shall be
of the 2-bolt oval flange configuration. The 3”, 4”, 6”, 8” and
10” size meter assemblies shall have flanges of the Class
125 round type, flat faced and shall conform to ANSI B16.1
for specified diameter, drilling and thickness.

© All products purchased and services performed are subject to Sensus’ terms of sale, available at either; http://na.sensus.com/TC/TermsConditions.pdf or 1-800-METER-IT. Sensus reserves the right to modify
these terms and conditions in its own discretion without notice to the customer.
This document is for informational purposes only, and SENSUS MAKES NO EXPRESS WARRANTIES IN THIS DOCUMENT. FURTHERMORE, THERE ARE NO IMPLIED WARRANTIES, INCLUDING
WITHOUT LIMITATION, WARRANTIES AS TO FITNESS FOR A PARTICULAR PURPOSE AND MERCHANTABILITY. ANY USE OF THE PRODUCTS THAT IS NOT SPECIFICALLY PERMITTED HEREIN
IS PROHIBITED.

8601 Six Forks Road, Suite 700
Raleigh, NC 27615
1-800-638-3748
www.sensus.com/water
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accuMAG™ Meters
1-1/2”, 2”, 3”, 4”, 6”, 8”, 10”, 12”, 14”, 16”, 18”, 20” and 24”

Description
1-1/2”, 2”, 3”, 4”, 6”, 8”, 10”, 12”, 14”, 16”, 18”, 20” and 24” Sizes

The accuMAG meter operation is
based on electromagnetic flow (EMF)
technology.

Features
CONFORMANCE TO STANDARDS

ELECTRONIC REGISTER

The accuMAG meter meets and far
exceeds the flow requirements of
the most recent revision of AWWA
Standard C701 class II. Each meter
is performance tested to ensure
accuracy compliance. The accuMAG
meters meet NSF/ANSI Standard 61,
Annex F and G.

The accuMAG electronic register
can be supplied either attached to
the meter or a remote design. In the
remote design, the register can be
installed (between 30 to 75 feet) on
the wall or on a post. Additionally,
the large character LCD displays
AMR, Totalization and a Resettable
Test Totalizer. accuMAG register
features; AMR resolution units that
are fully programmable, Pulse output
units are fully programmable, Integral
resettable accuracy testing feature
compatible with UniPro Testing
Assistant Programs, Large, easy-toread LCD also displays both forward
and reverse flow directions. The
accuMAG register has extremely
low power consumption and with a
sampling rate of 1/15 Hz, the water
meter can operate for more than ten
years before the batteries would need
to be replaced.

PERFORMANCE
The measurement principles of the
accuMAG meter assure enhanced
accuracy ranges, and a extended
service life. The accuMAG meter has
no restrictions as to sustained flow
rates within its continuous operating
range. The measuring tube allows for
flows up to its rated maximum capacity
without undue wear or accuracy
degradation due to no moving parts.
CONSTRUCTION
The accuMAG meter consists of two
basic assemblies; the measuring tube
and the liner. The measuring tube
consists of polyurethane coated steel
housing and a nonmagnetic alloy
tube with an obstruction-less cross
section and a homogenous magnetic
field. The liner of the measuring tube
is made of Rilsan® and is resistant to
corrosion, aging and abrasion.

MEASURING TECHNOLOGY
An electrically conductive fluid flows
inside an electrically insulating pipe
through a magnetic field. The magnetic
field is generated by a current, flowing
through a pair of field coils. Inside
of the fluid, a voltage is generated.
The signal voltage is picked off by

electrodes and is proportional to the
mean flow velocity and thus the flow
rate. The signal voltage is very small.
The register amplifies the signal
voltage, filters it and converts it into
signals for totalization, recording and
output processing. When installed in
any orientation.
MAINTENANCE
The accuMAG meter is designed for
easy maintenance. With no moving
parts, the maintenance consists of
inspecting the measuring tube for
deposits or abrasions and battery
health.
AMR / AMI SYSTEMS:
Meters and encoders are compatible
with current Sensus AMR/AMI
systems.
GUARANTEE
Sensus accuMAG Water Meters are
backed by “The Sensus Guarantee.”
Ask your Sensus representative for
details or see Bulletin G-500.
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accuMAG: 1-1/2”, 2”, 3”, 4”, 6”, 8”, 10”, 12”, 14”, 16”, 18”, 20” and 24” Sizes

Register Mounted to Meter

DIMENSIONS AND NET WEIGHTS
Meter and
Pipe Size

Normal
Operating Range

1-1/2”
DN 40mm

.7 gpm

180 gpm

.16 m3/hr

40.9 m3/hr

2”
DN 50mm

1.2 gpm

320 gpm

.27 m3/hr

72.7 m3/hr

3”
DN 80mm

2.8 gpm

720 gpm

.63 m3/hr

163 m3/hr

4”
DN 100mm

5 gpm

1250 gpm

1.13 m3/hrr

284 m3/hr

6”
DN 150mm

11 gpm

2850 gpm

2.5 m3/hr

647 m3/hr

8”
DN 200mm

19.5 gpm
4.4 m3/hr

5100 gpm
1158 m3/hr

10”
DN 250mm

31 gpm

8000 gpm

7.0 m3/hr

1816 m3/hr

12”
DN 300mm

44.5 gpm

11500 gpm

10.1 m3/hr

2610 m3/hr

14”
DN 350mm

182 gpm
41.3 m3/hr

15700 gpm

16”
DN 400mm

237 gpm

20500 gpm

53.8 m3/hr

4654 m3/hr

18”
DN 450mm

300 gpm
68.1 m3/hr

26000 gpm
5902 m3/hr

20”
DN 500mm

370 gpm

32100 gpm

84 m3/hr

7287 m3/hr

24”
DN 600mm

385 gpm

33400 gpm

87.4 m3/hr

7582 m3/hr

3564 m3/hr

Connections

A

B

C

D

E

F

Net Weight

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

6”
152mm

5.91”
150mm

4.92”
125mm

21 lbs.
9.5 kg..

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

7.05”
180mm

7.87”
200mm

5.98”
152mm

34 lbs.
15.4 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

8.03”
204mm

7.87”
200mm

7.5”
190mm

42 lbs.
17 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

9.49”
240mm

9.84”
250mm

9”
228mm

56 lbs.
17 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

11.69”
297mm

11.81”
300mm

11”
280mm

80 lbs.
29 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

14.25”
362mm

13.78”
350mm

13.5”
343mm

100 lbs.
36 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

16.3”
414mm

15.75”
400mm

16”
406mm

148 lbs.
50 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

18.78”
477mm

19.69”
500mm

19”
482mm

212 lbs.
60 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

20.67”
525mm

27.56”
700mm

21”
533mm

289 lbs.
80 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

22.95”
583mm

31.5”
800mm

23.5”
597mm

369 lbs.
103 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

24.72”
628mm

31.5”
800mm

25”
635mm

415 lbs.
113 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

26.67”
677mm

31.5”
800mm

27.5”
698mm

497 lbs.
132 kg.

Flanged

6.7”
170mm

4.8”
122mm

5.5”
140mm

31.38”
797mm

31.5”
800mm

32”
813mm

680 lbs.
167 kg.
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accuMAG: 1-1/2”, 2”, 3”, 4”, 6”, 8”, 10”, 12”, 14”, 16”, 18”, 20” and 24” Sizes

Remote Register for Wall or Post Mount

Remote Register Version

DIMENSIONS AND NET WEIGHTS
Meter and
Pipe Size

Normal
Operating Range

1-1/2”
DN 40mm

.7 gpm

180 gpm

.16 m3/hr

40.9 m3/hr

2”
DN 50mm

1.2 gpm

320 gpm

.27 m3/hr

72.7 m3/hr

3”
DN 40mm

2.8 gpm

720 gpm

.63 m3/hr

163 m3/hr

4”
DN 100mm

5 gpm

1250 gpm

1.13 m3/hr

284 m3/hr

6”
DN 150mm

11 gpm

2850 gpm

2.5 m3/hr

647 m3/hr

19.5 gpm
4.4 m3/hr

5100 gpm
1158 m3/hr

10”
DN 250mm

31 gpm

8000 gpm

7.0 m3/hr

1816 m3/hr

12”
DN 300mm

44.5 gpm

11500 gpm

10.1 m3/hr

2610 m3/hr

14”
DN 350mm

182 gpm
41.3 m3/hr

15700 gpm

16”
DN 400mm

237 gpm

20500 gpm

53.8 m3/hr

4654 m3/hr

18”
DN 450mm

300 gpm
68.1 m3/hr

26000 gpm

20”
DN 500mm

370 gpm
84 m3/hr

32100 gpm

24”
DN 600mm

385 gpm

33400 gpm

87.4 m3/hr

7582 m3/hr

8” DN
200mm

3564 m3/hr

5902 m3/hr
7287 m3/hr

Connections

A

B

C

D

E

F

G

H

J

Net Weight

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

6”
152mm

5.91”
150mm

4.92”
125mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

21 lbs.
9.5 kg..

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

7.05”
180mm

7.87”
200mm

5.98”
152mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

34 lbs.
15.4 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

8.03”
204mm

7.87”
200mm

7.5”
190mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

42 lbs.
17 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

9.49”
240mm

9.84”
250mm

9”
228mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

56 lbs.
17 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

9.49”
240mm

11.81”
300mm

11”
280mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

80 lbs.
29 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

14.25”
362mm

13.78”
350mm

13.5”
343mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

100 lbs.
36 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

16.3”
414mm

15.75”
400mm

16”
406mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

148 lbs.
50 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

18.78”
477mm

19.69”
500mm

19”
482mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

212 lbs.
60 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

20.67”
525mm

27.56”
700mm

21”
533mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

289 lbs.
80 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

22.95”
583mm

31.5”
800mm

23.5”
597mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

369 lbs.
103 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

24.72”
628mm

31.5”
800mm

25”
635mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

415 lbs.
113 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

26.67”
677mm

31.5”
800mm

27.5”
698mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

497 lbs.
132 kg.

Flanged

3.1”
79mm

5.5”
140mm

4.2”
107mm

31.38”
797mm

31.5”
800mm

32”
813mm

4.8”
122mm

13.2”
335mm

12.2”
310mm

680 lbs.
167 kg.
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accuMAG: 1-1/2”, 2”, 3”, 4”, 6”, 8”, 10”, 12”, 14”, 16”, 18”, 20” and 24” Sizes
SPECIFICATIONS
SERVICE

Measurement of potable and reclaim water.
Operating temperature range of 23 oF (-5 oC) to 158 oF (70 oC)

OPERATING
RANGE
(100% ± 1.5% )

1-1/2” - 0.7 - 180 GPM (.16 - 40.9 m3/hr)

MAXIMUM
INTERMITTENT
OPERATION

1-1/2” - 225 GPM (51.1 m3/hr)
2” - 400 GPM (90.8 m3/hr)
3” - 900 GPM (204 m3/hr)

2” - 1.2 - 320 GPM (.27 - 72.7 m3/hr)

4” - 1,560 GPM (355 m3/hr)

3” - 2.8 - 720 GPM (.63 - 163 m3/hr)

6” - 3,560 GPM (809 m3/hr)
8” - 6,375 GPM (1,447 m3/hr)

3

4” - 5 – 1,250 GPM (1.13 - 284 m /hr)

10” - 10,000 GPM (2,270 m3/hr)

6” - 11 – 2,850 GPM (2.5 - 647 m3/hr)

12” - 14,375 GPM (3,263 m3/hr)

3/

8” - 19.5 – 5,100 GPM (4.4 - 1,158 m hr)

14” - 19,625 GPM (4,455 m3/hr)

10” - 31 – 8,000 GPM (7.0 - 1,816 m3/hr)
12” - 44.5 – 11,500 GPM (10.1 – 2,610 m /hr)

16” - 25,625 GPM (5,817 m3/hr)

14” - 182 – 15,700 GPM (41.3 – 3,564 m3/hr)

18” - 32,500 GPM (7,378 m3/hr)

3

16” - 237 – 20,500 GPM (53.8 – 4,654 m3/hr)

20” - 40,125 GPM (9,108 m3/hr)

18” - 300 – 26,000 GPM (68.1 – 5,902 m3/hr)

24” - 41,750 GPM (9,477 m3/hr)

20” - 370 – 32,100 GPM (84.0 – 7,287 m3/hr)
24” - 385 – 33,400 GPM (87.4 – 7,582 m3/hr)
LOW FLOW

1-1/2” - .3 GPM (.07 m3/hr)

(> 95%)

2” - .4 GPM (.09 m3/hr)
3” - .7 GPM (.16 m3/hr)

MAXIMUM
OPERATING
PRESSURE

175 PSI (12.1 bar)

FLANGE
CONNECTIONS

U.S. ANSI B16.1 / AWWA Class 150

REGISTER

Fully electronic register with programmable registration
(Gal. /Cu.Ft./ Cu. Mtr. / Imp.Gal / Acre Ft.) Programmable
AMR/AMI reading and pulse outputs
8-15 year field replaceable battery life (based on configuration)

12” - 12 GPM (2.72 m3/hr)

NSF

14” - 49 GPM (11.1 m3/hr)

APPROVED
MATERIALS

Measuring Tube Housing:
Measuring Tube:
Flanges:
Liner:

4” - 1.3 GPM (.29 m3/hr)
6” - 3 GPM (.68 m3/hr)
8” - 5.5 GPM (1.25 m3/hr)
10” - 8.4 GPM (1.91 m3/hr)

16” - 64.5 GPM (14.6 m3/hr)
18” - 82 GPM (18.6 m3/hr)
20” - 101 GPM (22.9 m3/hr)
24” - 105 GPM (23.8 m3/hr)
MAXIMUM
CONTINUOUS
OPERATION

Measuring Electrodes:
Grounding Electrode:
Register Housing:

1-1/2” - 180 GPM (40.9 m3/hr)
2” - 320 GPM (72.7 m3/hr)
3” - 720 GPM (163 m3/hr)

Register Connection Box:
(for remote version only)

Polyurethane Coated Steel
Non-magnetic Alloy
Steel
Rilsan (1 1/2 - 12”)
Hard Rubber (14”-24”)
Stainless Steel
Stainless Steel
Polyurethane coated Die-cast
Aluminum
Polyurethane coated Die-cast
Aluminum

4” - 1,250 GPM (284 m3/hr)
6” - 2,850 GPM (647 m3/hr)
8” - 5,100 GPM (1,158 m3/hr)
10” - 8,000 GPM (1,816 m3/hr)
12” - 11,500 GPM (2,610 m3/hr)
14” - 15,700 GPM (3,564 m3/hr)
16” - 20,500 GPM (4,654 m3/hr)
18” - 26,000 GPM (5,902 m3/hr)
20” - 32,100 GPM (7,287 m3/hr)
24” - 33,400 GPM (7,582 m3/hr)

© All products purchased and services performed are subject to Sensus’ terms of sale, available at either; http://na.sensus.com/TC/TermsConditions.pdf or 1-800-METER-IT. Sensus reserves the right to modify
these terms and conditions in its own discretion without notice to the customer.
This document is for informational purposes only, and SENSUS MAKES NO EXPRESS WARRANTIES IN THIS DOCUMENT. FURTHERMORE, THERE ARE NO IMPLIED WARRANTIES, INCLUDING
WITHOUT LIMITATION, WARRANTIES AS TO FITNESS FOR A PARTICULAR PURPOSE AND MERCHANTABILITY. ANY USE OF THE PRODUCTS THAT IS NOT SPECIFICALLY PERMITTED HEREIN
IS PROHIBITED.

8601 Six Forks Road, Suite 700
Raleigh, NC 27615
1-800-638-3748
www.sensus.com/water

