
 2017 

2017 Lake Junaluska 
Assembly Water & 
Sewer System Analysis 
Reports 
BY CHUCK LIPP 
VOLUNTEER AND COMMUNITY RESIDENT 

Table of Contents 

Lake Junaluska Assembly Public Works Water Loss Analysis Audit 

Report: Water and Sewer System Refurbishment and Renewal Status 

ERU Base Water and Sewer Rates Analysis 

Cost and Options Analysis for Lake Junaluska APW Water Meter Replacement 

Low Usage Time of Day Meter Readings Analysis 

 



  2017 

Lake Junaluska Assembly 
Public Works Water Loss 
Analysis Audit for 
Calendar Year 2016 
BASED ON AMERICAN WATER WORKS ASSOCIATION M36 
STANDARD PRACTICE 
CHUCK LIPP 



1 
 

July 24, 2017 

Executive Summary 
The Water Loss audit was conducted in accordance with American Water Works Standard Practice M36 
using the associated spreadsheet-based software. This audit was reviewed by an engineer with 
Cavanaugh Associates, and the suggestions he made on the qualitative ratings were incorporated in the 
final results. 

The basic principle of a water loss audit is the comparison of water purchased and the water delivered 
to customers. This approach is known to engineers as a material balance, which is a basic tool used to 
understand complex systems. This document is intended to describe the inputs and context of the 
analysis and to summarize the results. 

The results indicate that of the 47.75 milion gallons of water purchased, 36.42 million gallons were 
delivered (metered) to customers, or 11.33 million gallons of non-revenue water for the year. Based on 
the estimate of a 95% metering accuracy, the metered loss was 2.127 million gallons with real water 
losses leakage of 8.61 million gallons. 

The water loss has been trending down because of the improvement efforts in the system. In 2006, 
water loss was 49% of input and this compares to ~25% currently. 

The loss of system revenue caused by old water meters, which is valued at the sum of the incremental 
rates for the water sales and sewer of $9.44 per thousand gallons, was estimated to be $18,095 per 
year. The leakage in water mains is valued at the rate of purchased water (water plus sewer) of $61,570 
per year. The value of purchased water includes the costs as billed by the Town of Waynesville for both 
water and sewer of $7.15 per thousand gallons.  

The body of this report includes context and rationale used in the audit. 

The AWWA methodology recommended three priorities to improve both the audit quality and financial 
performance. The presumption is that annual water loss audits will continue each year. 

1. Confirm accuracy of meters for the purchased water – discuss with the water department a 
program of verifying metered accuracy 

2. Improve meter accuracy – both residential and commercial meters 
3. Improve the billed accuracy – detailed audit of the billing process 

 
Related recommendations: 

1. System drawings need to be collected and maintained in hard copy and electronic form. This 
includes organizing existing records. 

2. Improve the work-order system contained in the billing system to provide consistent location 
tagged information for future improvements.  

 
Submitted by 
 
Chuck Lipp 
Volunteer and Lake Junaluska resident  
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Introduction 
The basic principle of a water loss audit is a comparison of the water purchased and the water delivered 
to customers, also known as a water balance or material balance. The balance spreadsheet that was 
used (WAS Version 5.0) was obtained from the American Water Works Association and is used in 
conjunction with Standard Practice M36. This approach is known to engineers as a material balance, 
which is a basic tool used to understand complex systems. This document is intended to describe the 
input values used and context of the analysis and to summarize the results. 

This spreadsheet has 13 numerical inputs, each with a grading value to indicate the quality of the input. 
The inputs are categorized into groups. The quantitative information is based on the records and 
calculations from those values. The qualitative information provides additional information on the 
system such as policies and methods. For example, the question “What is the level of verification of the 
amount of water supplied metering?” results in a numerical rating from 0 to 10 depending on the 
operational methods used day to day. The discussion on each of these items provides additional 
information on system operation methods compared with best practices of systems in the US.  

• Authorized consumption 
• Water loss 
• Non-revenue water 
• System data 
• Cost data 

 
The result of the analysis quantifies the economic impact of water losses and the components of water 
loss, such as metering error. The quality scale provides a means of comparing current system operation 
with AWWA best practice. This provides an objective comparison of the system operation with many 
other systems.  

The output of the water loss spreadsheet tool is not only the quantification of the water loss 
components but also an objective rating of data quality and a prioritized list of recommendations. 

Overview of Water and Sewer System 
The water system in the Lake Junaluska Assembly is a simple system compared to many municipal 
systems. The APW system supplies water and sewer to the Conference and Retreat Center as well as to 
residents. The system has 15 miles of water main and 63 fire hydrants [reference engineering reports]. 
The customer base may be described by the size and number of water meters, as shown in Table 1. The 
configuration of the system evolved over time as the Conference and Retreat Center developed and the 
homes, which were at first summer homes, were constructed. The system began with spring houses and 
evolved over the decades. The Town of Waynesville provides sewage treatment and supplies water for 
the Assembly. Water is supplied and metered at two locations. Supplying water in two locations 
provides for redundancy to the system. Increasing redundancy with system design is very desirable. 
Water mains feed the various locations in the Assembly and include two under lines that transit under a 
portion of the lake. A storage 200,000-gallon Ferro-cement tank (made of steel-reinforced concrete) is 
located on an upper portion of Sleepy Hollow with a pump station located on Liberty. The water storage 
tank feeds APW customers on the uphill side of County Road. The sewer system is nearly all gravity 
operation except for one pump station. 
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Table 1. Size and number of water meters 

Meter size, inch Number Comments 
¾  820 Residential meters 
1 23 
2 6 Establishing replacement 

schedule – standard meters 
4 3 All replaced in past 5 years 
6 1 Replaced in 2015 
Total 853  

Supplied Water 
The APW purchases water from the Town of Waynesville at a bulk rate, produces no water from wells, 
and sells no bulk water to other systems. The Waynesville system connects to the APW system with two 
dual-range water meter pits that include back-flow preventers. The water meters and back-flow 
preventers are owned and operated by the Town of Waynesville. One of the water meters was replaced 
in 2015 due to meter failure. The second water meter has been in service a number of years; however, 
due to the parallel flow path, it flows only when demand is highest in the summer or when the storage 
tank is being filled. 

Operating discipline: The supply meters are read by APW water employees daily, and the monthly 
readings are tabulated in a spreadsheet along with billing. This information is tracked by APW monthly. 
The historical data reveals that the daily meter readings provide a warning when large leakage occurs in 
the system. This monthly calculation of water loss will have variability due in part to the fact that the 
meter reading takes place over several days. The annual data is plotted in Figure 1 showing the long-
term downward trend. 

The purchased water includes a charge for the sewage treatment. Consequently, the cost of both the 
water and sewage treatment of any water lost—not billed to customers—must be absorbed by the 
system. A general note: The costs and revenue of water and sewer systems are linked; therefore, the 
incremental costs to the system are the combined water and sewer volume based rate. 
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Figure 1. Analysis of historical data on water loss. The data from 2014 and 2015 was unusable. 

Authorized Consumption 
• All water users are metered, and there is no estimated usage except due to meter failure. Many 

of the meters are old, which is described in the report on the economic analysis of meter 
replacement. The plans and current actions are to implement a re-metering program starting in 
late 2017 using ultrasonic radio read meters. The trial program of 20 meters begun in 2016 was 
very successful. The replacement of the meters will reduce both metering errors and the 
amount of time APW employees invest in reading meters.  

• The water and sewer data management and billing system were updated in 2015. This system 
provides for the management of customer accounts, billings, meter readings, and work orders 
for repairs. This system also provides for exporting the meter reading data for further analysis.  

• The policy that exists today is posted on the APW web pages.  
 

Water Losses 
Unauthorized water usage value used in the balance is the default value of 0.25%. The limited policies 
and record keeping reveal no historical evidence of tampering with meters or other components of the 
system.  

Customer metering inaccuracies 
Apparent water loss is due to water meters reading lower than usage, which is due to wear of the 
internal components with usage. Older water meters with brass internals have an economic service life 
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of 30 years of typical residential service, and the newer water meters have an economic service life of 15 
years. The newest type of meter that uses an ultrasonic principle of operation has a performance 
guarantee of 20 years, and these meters have no moving components. With no moving components, no 
wear is expected. Many ultrasonic meters have the radio read capability, which reduces the amount of 
time needed for meter reading.  

The most accurate means of estimating the metering error is to use the water meter reading itself to 
estimate the metering error. The rule of thumb is that 10 percent of reporting is expected with a 
500,000 CF [fact check units, add graph] of accumulated water use. Many of the meters have a 5-digit 
dial where the maximum is 99,999 cubic feet of water. This makes it impossible to determine the total 
accumulated water use of the meter. The nature of the residential users—full-time residential, part-time 
residential and some with combined units—and the variable age of the properties result in total water 
usage of properties being highly variable.    

Customer records of meter age are inadequate, but observations suggest that 30 percent of the meters 
are over 40 years of age.  

The value for water meter error of 5% was made using the M36 Reference Information. This percentage 
of water loss due to meter error was summarized for the 29 systems, and a value of 5% was chosen to 
reflect the system’s past lack of a systematic replacement program for old meters based on age or 
usage. An alternative method was to approximate the system’s meter population by estimating 33% of 
the meters are slow by 15%, and 33% are 5% low, and 33% have a 0 % low reading. This results in 5% 
meter error.  

Systematic data handling errors  
This type of error results from the errors in the transfer of the meter readings through the process of 
generating billings. No audit of this area was conducted. The default rate of 0.25% was used for this 
value. 

System Description 
The system documentation of location of mains and underground shut-off valves is marginal. No 
organized documentation of the water and sewer system exists. This is important because a response to 
a water main break or some other event requires the capability to isolate sections of the system. This 
includes exercising the critical shut-off valves to assure operability when needed and the replacement of 
defective valves. Currently, the APW Water and Sewer staff must rely on memory to determine 
appropriate actions.  

There are 65 fire hydrants in the system, which are inspected, tested, and documented annually by the 
Waynesville Fire Marshal. One of the hydrants is scheduled for replacement with the replacement in 
hand.  

Trouble reports are included as a part of the computer-based customer management system. Current 
practice in documenting work is inconsistent. The objective data from this system could be very 
beneficial when future decisions on the priority of improvement projects need to be made.   

The procedure and methodology for documenting the flushing of hydrants and valve exercising should 
be reviewed.  
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The ultimate plan is to add detail in the Haywood County utility layer with GIS coordinates. Having both 
documentation of the hard copy that can be used in the field and an electronic copy is an operational 
necessity. Relying solely on the memory of APW employees is not up to standard practice in the AWWA. 

Leak Detection 
The current systematic leak detection utilized the NC Rural Water Association’s free leak detection. This 
service provides a limited amount of time for checking for leaks. A comprehensive leak detection 
program should be developed, including checking of new lines when placed in service.  

Water and Sewer Rates 
Tables 2 and 3 are the rate codes: base rates include a fixed monthly charge for and a rate factor for the 
actual use of water and sewer. The landscape rate includes incremental charges for the water supplied 
but not a base rate for sewer.  
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Table 2. Summary of 2017 water rates 

Water Rate Codes 2017 
Rate Code Water Meter Type Base 

Monthly 
Rate 

Number 
of Meters 

Use Rate 
 (per unit)  

W00 3/4" meter $ 22.02 130 $.032655 
W01 3/4" meter $ 22.02 622 $.032655 
W02 1" meter $ 55.66 23 $.032655 
W03 2" meter $ 175.52 6 $.032655 
W04 Water rate $ 318.79 1    $.0706125  
W05 Water rate $ 556.43 2 $.032655 
W06 Water rate, gallons $ 1,112.89 1 $.0043659 
W07 Water rate- 

landscape 
$ 53.15 4 $.0706125 

W08 Water rate- 
landscape 

$ 22.02 40 $.0706125 

W09 Water rate- 
landscape 

$ 22.02 28 $.0706125 

W10 4" meter, gallons $ 556.43 1 .0043659  
 
 

Table 3. Summary of 2017 sewer rates 
Sewer Rate Codes Sewer Meter Type Rate Number of 

Customers 
Use Rate 
(per unit) 

SW01  $ - 0 $.03795750
   

SW02  $ - 0 $.03795750
   

SW05  $ - 0  
SWS01 3/4" meter $ 15.78 749 $.03795750

   
SWs02  $ 34.57 21 $.03795750

   
SWs03 2" meter $ 110.57 6 $.03795750

   
SWs05 4"meter $ 345.58 2 $.03795750

   
SWs06 6" metered gallons $ 691.14 1 $.00507465 
SWs10 4" meter gallons $ 296.63 1 $.00507465 

 

The incremental rate for water and sewer is $9.44 per thousand gallons based on these rates.  
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Water Balance 
Figure 2 shows the annual system water balance expressed in millions of gallons per year. Non-revenue 
water is water that is purchased but not sold. Apparent water losses are primarily due to water meters 
reading less usage than actual—caused by wearing of the meter due to usage. Figure 3 expresses the 
flow information as percentages in the form of a pie chart. The non-revenue water represents 23% of 
the purchased water. Figure 4 also shows the input panel, which summarizes the inputs and default 
values chosen in the analysis. This also shows the data validity score and prioritized areas for attention. 
The rationale behind the priorities is to first have a robust analysis. Therefore, data validity of the 
purchased water is most important. 

Grading Matrix 
The grading matrix is contained in the attached document. For each area, there are recommended 
actions to improve the grading. The Water Audit validity score will be increased substantially with a 
systematic program to verify the calibration of the supply meters in Waynesville. Many of these items 
reflect operating procedures and policies. Example audits suggest a 70 to 80 value is reasonable. 

 

 

 

 

Figure 2. Water balance summary report  
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Figure 3. Water balance losses summary as percentages in a pie chart format.  
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Figure 4. Reporting page from sheet showing all inputs and some outputs 
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Figure 5. Performance indicators 

Analysis of many systems by AWWA has developed a reference value of the Unavoidable Annual Real 
Losses, UARL, representing the low limit of leakage that could be achieved if all of today’s best 
technology is applied. The ratio of the current annual real loss to the UARL is known as the 
infrastructure leak index. 
 
Because the APW system is a very small system, the correlations for calculating the UARL are not 
applicable (p 104 of M36); therefore, the UARL was not calculated. However, one aspect of the 
methodology is worth noting. The leak correlations use the well-known linear relationship between 
average water pressure and leak rate. In the long term, the installation of pressure reducing stations 
within the system may be a reasonable economic means of reducing losses. 
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Figure 5. Comparison of values of non-revenue water 

Apparent water loss due to customer metering inaccuracies is estimated to be 1.917 million gallons per 
year. Valued at a variable rate, that is a loss to the system of $18,095. This economic incentive is the 
basis for the residential water meter replacement program, which is underway. This also is the rationale 
for ongoing testing of the large commercial meters.  
 
The real losses leakage in water mains is valued at $61,570 per year based on the purchased water and 
sewer payments to the Town of Waynesville. This provides the economic justification for the ongoing 
water system refurbishment. 
 
The other components of non-revenue water are not as economically significant.  
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Recommended Priorities from the Audit 
1. Water imported: The metered water meter variation is the responsibility of the Town of 

Waynesville water department; however, to best understand our water system, verification of 
the water meters should be encouraged. Perhaps the contract already has language for meter 
calibrations. Any findings from a water loss audit depend on correct system inputs.  

2. Customer metering accuracies: the systematic program of the usage with radio read meters will 
lower the age of residential meters. A meter calibration and verification program should be 
established for commercial meters.  

3. Billed metering: an audit of accounts to verify the system accuracy should be established to 
verify starting with an independent meter reading of random accounts through the billing sent 
to the customer. This should include all classes and rate structures. 

Other Recommendations 
1. Conduct water loss audits annually. 
2. System drawings need to be collected and maintained in hard copy and electronic form. This 

includes organizing existing records.  
3. Improve the work-order system contained in the billing system to provide consistent 

location tagged information as objective data for prioritizing future improvements. 
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Scope  
This report is a summary of the refurbishment and renewal work done on the water and sewer system 
of the Lake Junaluska Assembly, which compares its findings and recommendations with those of 
previous assessments and engineering studies. This report starts with the work begun in 2015.  

Summary:  
The Cavanaugh and Martin-McGill engineering plans for the refurbishment of the Lake Junaluska Public 
Works water and sewer system are financial planning documents with a rough implementation plan. The 
work since 2015 has replaced 3,300 feet of 6-inch and 2,500 feet of 2-inch water mains as well as five 
fire hydrants; additional valves have also been installed to assure continuous water supply to The 
Terrace hotel and to Lambuth Inn. Replacement of water meters was described or indirectly referenced 
in both the Cavanaugh and the Martin-McGill studies. The work completed and the work in progress are 
resulting in a more robust, sustainable system. 

The work to date appears to be addressing the system needs as the anecdotal data suggests that 
emergency repairs have decreased significantly, but there is little objective data to support this.  

System documentation (drawings) needs urgent attention to enable the highest quality planning. 
Perhaps volunteers can assist in this work. The work process for constantly gathering and categorizing 
data on problems and repairs needs urgent changes to generate the objective data for future analysis.  

2017 

Report: Water and 
Sewer System 
Refurbishment and 
Renewal Status 
BY CHUCK LIPP 
VOLUNTEER AND COMMUNITY RESIDENT 
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Background  
The capital improvements program for the APW of Lake Junaluska uses the information in the 
Cavanaugh Engineering study of 2012, the Lake Junaluska APW water and sewer system appraisal of 
2012, the Martin-McGill study commissioned by the Town of Waynesville, NC, and ongoing information 
on recurring problems on portions of the system. Table 1 lists the documents that were reviewed and 
compared.  

Table 1. Recent relevant assessments and engineering studies  

Year Title Organization 
October 2015 Town of Waynesville/ Lake 

Junaluska Annexation Update 
Martin-McGill Management Consulting 

May 2012 Water and Sewer Capital 
Improvement 10-Year Plan 

Cavanaugh & Associates, P.A. 

May 2012 Lake Junaluska Assembly Public 
Works Water and Sewer 
Assessment 

Assembly Public Works (Buddy Young and 
Andrew d’Adesky) 

August 2009 Pressure Management Study Cavanaugh & Associates, P.A 
 

The 2015 and 2012 engineering studies were reviewed with the objective of using the available 
information to approximate the needs for spending to stabilize the system from years of deferred 
maintenance. These studies are staged financial plans. The basis of both studies was the same 
information provided by the APW with limited field investigation and analysis. The engineering studies 
describe the water, sewer, and streets as separate needs. These studies were intended to classify needs 
and never described the plans as a detailed work plan, nor were the plans ever described as an 
optimized work plan. For example, fire hydrant replacements were spread through all three stages of 
the Cavanaugh plan. The actual replacement of hydrants was completed in the first year because this 
was viewed as a public safety issue.  

Similarly, the Martin-McGill study used the Cavanaugh 2012 study with limited field checking. The 
Martin-McGill Study recommended larger diameter water mains in many cases. The Cavanaugh 2012 
study references the water and sewer assessment by the APW. 

There are two items worthy of reporting that perhaps were unrecognized in the 2012 and 2015 reports. 

1. Both the Martin-McGill study and the APW Appraisal documents noted the need for a meter 
replacement program. 

2. The Cavanaugh study included line items for the water and sewer mapping as well as inventory 
of components, valves, hydrants, and manholes. This $85,000 item was not mentioned in the 
text of the document.  

One guiding principle of the refurbishment is to increase the degree of system robustness. This is 
accomplished by designing interconnections between sections of lines (streets) so that the configuration 
of water mains adds more loops, providing redundant paths for water to reach areas of the system. This 
approach is fundamental to a well-designed system and often was not present in the system because 
the system evolved little by little.  
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During the reviews, the 2009 pressure management study was noted. This 2009 study was identified as 
a means of reducing the amount of water leakage by reducing the pressure in portions of the system, 
which would reduce revenue loss. In addition, technical changes on the Liberty pump station were 
recommended to reduce water hammer stress on water mains in the daily operation of the booster 
pumps. None of the items listed in the 2009 study were implemented. 

Summary of Work Completed 
Improvements made from 2015 to the current work in 2017 were discussed with Mackie McKay (RCFF 
Construction), the contractor doing the work for the water and sewer system. Figures 1 through 3 are 
photographs of the maps showing the changes to the water and sewer system. 

1. All five fire hydrants that were included in all three phases were replaced to ensure firefighting 
water is available. 

2. Replacement water lines include 3,300 feet of 6-inch line and 2,500 feet of 2-inch line—
representing 100% of the 6-inch lines and 23% of the 2-inch lines as listed in the high priority 
schedule (Cavanaugh study).  

3. Installation of additional isolation valves and lines to provide redundancy to the Conference and 
Retreat Center hotel facilities. This refurbishment in the system prevents water outages at the 
hotels due to work elsewhere in the system.   

4. Replacement of sewer lines—2,000 feet of 8-inch line and 1,000 feet of 6-inch line—
representing 93% of the 8-inch lines and 63% of the 6-inch lines as listed in the high priority 
schedule (Cavanaugh study).  
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Figure 1. Segment 1 of map showing Lambuth Inn and adjacent area 
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Figure 2. Segment 2 of a map showing the center of the North Lakeshore area. 
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Figure 3. Segment 2 of map showing the area west of The Terrace hotel  
 

The means of expressing the work and the prioritization of the work outlined in the two studies are 
incompatible. Neither study provides a listing or schedule of work or any specific rationale for the 
recommended work. 

The records of repairs on the system are the objective information for the ongoing analysis of the state 
of the system. The current system uses work orders to summarize the information; however, the system 
is not being used to record all work. The system should enable a periodic, probably annual, analysis of 
the work required to detect the need for improvements in various sections of the system.  
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The APW and the contractor have chosen a very reasonable and probably economically advantageous 
plan of doing water, sewer, and street work in one area at a time. This avoids cutting and digging into a 
newly resurfaced street. Discussions with Mackie McKay indicate the repair work resolved unexpected 
situations. For example, one area that was thought to be 6-inches diameter main was actually a ¾-inch 
galvanized pipe. APW records of changes to the distribution system are inadequate; however, the new 
work is being documented by the contractor. 

Based on this analysis, an effort has begun to collect all records in order to produce detailed system 
drawings. This will be a step toward the ultimate goal of incorporating the system into the utility layer of 
the Haywood County electronic maps. Having system drawings that can be used by operations for 
managing the needs to isolate portions of the system is essential. 

In addition, in 2015 Cavanaugh performed a pressure measurements program on the system and 
recommended several actions, including the installation of several pressure-reducer stations and soft-
start hardware on the supply pump to the Sleepy Hollow storage tank. The pressure measurements 
showed major pressure surges through major parts of the mains. Slowly starting and stopping the 
pumps will reduce the “water hammer” effect on the water mains. After discussing the situation with 
David Ward, water and sewer operation technician, soft-start equipment is recommended for the two 
pumps at the Liberty pump station along with air-release valves for each pump.  

Plans and Priorities 
Based on discussions with Jack Carlisle, the current plans for the fall work season 2017 and 2018 are as 
follows: 

1.  North Lakeshore: at Memory Lane complete valve junction refurbishment and 
renewal and sewer work so that paving may begin (sewer and water valves). 

2.  Siler Circle: water 

3.  Atkins Loop: water (Cavanaugh plan rated this as a medium priority, but this 
addresses a customer water quality issue). May include some work on Epworth Way. 

4.  Oxford/Lady Huntingdon: water/sewer 

5.  Dale Drive: water line abandonment with necessary new water services (right now 
we believe that's only two). Leak was discovered this year, and repair work indicated 
unexpected lines. 

The ability to accomplish this much work will be tempered by work on the road over the dam 
that will be the highest priority unless public health becomes directly impacted by the projects 
above and/or any other surprise. 

Current plans for 2019-2020:  

1. White Dogwood, Littleton, JB Ivy: water 

2. County Road: replace 2-inch galvanized line with 6-inch main to interconnect 
Glenview and Carolina mains.   
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The work on County Road will require more planning due to the complications of dealing with a state 
highway and the number of connections on the line. (Perhaps this will be a multi-year project.) One of 
the high priority items remaining on the list is the replacement of the 2-inch main along County Road. It 
will be replaced with a 6-inch line linking Carolina and Glenview. With this linking, a loop is created 
allowing water to be fed in different flow paths. This is an example of line replacement to enhance 
system robustness.  

Project Prioritizing Methodology 
The basis for the original prioritization of needs was not clearly defined in either engineering study. The 
methodology currently in place is to work on an area to complete water and sewer together so that the 
asphalt roadway repairs may be completed and any repaving done at the same time. The Cavanaugh 
and Martin-McGill studies are used as inputs on locations to consider as well as the current system 
issues. For example, after the refurbishment of the sewer on Cokesbury and Chapel, the uphill issues on 
the outside of County Road have been greatly reduced.  

The point being, any refurbishment program must continue to re-evaluate current situation and issues. 
The plans must evolve to meet the current situation system renewal for infrastructure. The water 
quality is a factor that is considered.    

The water loss audit and additional discussions along with the Cavanaugh 2012 study pointed out the 
need to have system drawings for both the water and sewer systems. System drawings include the size 
and construction material of mains and laterals along with isolation valves and other components. 
System drawings need to be collected and maintained in hard copy and electronic form. This includes 
organizing existing records. In my opinion, relying on the memory of individuals is not a sustainable 
operation. 
 
A systematic leak detection program should be considered to examine older portions of the system to 
identify unidentified leakage. Acoustic leak detection equipment is a very powerful tool, but it requires 
skill and training to use effectively.  
 
Similarly, having objective data on the location of issues and repairs within both the water and sewer 
system will enable the best investment in refurbishment. Therefore, improving the work-order system, 
which is contained in the billing system, to provide consistent location tagged information of work on 
the water and sewer system will provide objective information for future improvements.  

Based on a detailed understanding of the operation, critical sections of the system can be defined based 
on the consequences of failure. The history of repairs and work orders is a major input to categorize 
likelihood of failure. Also, the type of water main or sewer line should be a factor impacting the 
likelihood of failure. The combination of these two factors has been frequently used to categorize 
potential changes into four parts, as shown below. 
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Neil Gregg starts his article in the Journal of the American Water Works Association this way: “Water 
transmission and distribution systems require careful management for effective operations and to 
sustain healthy and viable cities.” Making the best decisions requires structured thought. I recommend 
evaluating improvement plans in the light of this approach.  

 



 

 

 

 

 

 

 

 

 

 

The base rates of APW are summarized in the tables below.  The most common practice in allocating 
fixed costs between various sized water and sewer users is to use the Equivalent Residential Unit (ERU) 
approach. More detail may be found in AWWA Manual of Water Supply Practice M54 Developing Rates 
for Small Systems pages 13-16. The values for ERU shown below are taken from Table 2-6 of M54 as well 
as the calculated values calculated based on the current base rates.  The calculated values are very 
nearly identical with the ERU values. 

Number 
of meters 

Meter size, 
inches Base rate ERU 

Base rate ratio to 
3/4" meter Annual Base Charges 

820 0.75 $22.02 1 
 

$216,676.80 
27 1.00 $55.66 2.5 2.527702 $18,033.84 

6 2.00 $175.52 8 7.970936 $12,637.44 
1 3.00 $318.79 15 14.47729 $3,825.48 
3 4.00 $556.43 25 25.2693 $20,031.48 
1 6.00 $1,112.89 50 50.53996 $13,354.68 

     
$284,559.72 

Variable cost items 
Billed water based on purchased water and sewer from City of Waynesville accounting for an estimated 
5% water loss due to current metering error, per unit of water delivered to customers 

Fixed cost items 
• Operation costs of system 
• Refurbishment costs of the system 
• Real water losses (leakage) and authorized unmeter4ed water usage (flushing lines, etc.) 

Notes: landscape usage meters pay for the variable costs the APW incurs of both water and sewer usage 
fees, the water base rate but not the sewer base rate because APW pays Waynesville for water and 
sewer.  

2017 

ERU Base Water and 
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BY CHUCK LIPP 

VOLUNTEER AND COMMUNITY RESIDENT 
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Executive Summary 
Scope 
The purpose of project analysis is to determine the relative economic impact of several alternatives for 
replacing worn water meters in the residential system (3/4 and 1-inch units). 

The current water meters are up to 50 years old, well over the service life of meters. Old brass internal 
meters have an economic service life of 30 years, and currently, available standard meters with plastic 
internals have a 15-year service life. Ultrasonic meters have no internal moving parts to wear; 
consequently, no meter loss is expected over the 20-year service life. 

Three cases were evaluated with the same 20-year project time frame.  

Conclusions 
The economic impact on the APW system of replacing current meters with radio read meters (RR or 
smart meters) and, alternatively, standard meters was evaluated. The longer 20-year life of the RR 
meters compared with the 15-year life of current standard meters mitigates the higher initial cost. The 
average cost of replacement accounts for this difference in meter longevity. Speeding up the 
replacement program with contact labor (Option B) is not recommended due to the substantially higher 
cost.  
 
Saving 2.6 man-months of meter reading time per year easily mitigates the cost differential of $1,390 
per year. Freeing this amount of APW employees’ time will permit work on cost-saving activities for the 
water and sewer system, such as proactive leak detection and repair. Option A is the recommended 
option because this slight cost differential is offset by additional features of the smart metering 
technology. 

The analysis indicates the radio read ultrasonic replacement meter option is the most beneficial of the 
options considered. Proceeding expeditiously and carefully is also recommended, as the costs of worn 
meters paid by all system users is $240/week in water revenue loss.  

These findings are fully consistent with the practice in large numbers of water systems in the US.   
 

Option Implementation 
cost/year 

Cost of 
replacement 
program 

Long-term average of 
replacement 
program cost/year 

Savings per year from 
reducing AWL by 75% 
($12,750 per year) 

A—RR meters, 20-
year life 

$33,600 $168,000 $8,410 $4,300 

B – RR meters with 
contractor labor, 20- 
year life 

$224,000 $224,000 $11,200 $1,500 

C – Standard 
meters, 15-year life 

$22,700 $113,700 $7,020 $5,700 
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Cost and Options Analysis APW Water Meter Replacement Report 
In the current system, about 30% of the meters are over 40 years old, well beyond the expected 
economic life of the device. The moving parts of domestic water wear progressively, causing low meter 
readings relative to the actual usage. The lost revenue is made up with higher costs for other customers 
in the system.  

The APW pilot program of evaluating the radio read meter technology, issues of implementation, and 
integration into the billing system on a small number of residential meters (2016), provides input to this 
analysis.  

The economic analysis is relative to a base condition, which is the replace a meter unit only when it fails, 
about 1% per year option. For this system, this option is the replacement only when a meter unit fails, 
about 1% per year. The current apparent water loss based Water Loss Audit, is valued at $17,000/year, 
which is in progress. The base case has been the past practice of APW, as with many very small systems. 

With the base condition, the expectation is that the meters in the system will continue to wear; 
consequently, over a 20-year span the water loss will increase substantially. The approximation used is a 
5% increase in AWL per year or an $850 increase per year. Over a 20-year span, the total cost of water 
losses was approximated as $501,500 if no systematic renewal program is initiated. 

 

 

Assumptions 
Several assumptions were made as listed below: 

1. The impact of inflation was not considered. 
2. The impact of future increases in the purchased water cost (which is unknown) was not 

considered. 
3. The ultimate savings on apparent water losses were presumed to be 75% of the value of the 

apparent water loss or $12,750 per year. 
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4. Install meter piping connection (riser) if not present, which includes backflow preventer device. 
A limited survey suggests 20% of meters will require this upgrade, and these costs were included 
in the projected cost of $40 per meter. 

5. Evaluate meter box installation to identify boxes that have a high freeze potential due to 
position, and relocate box as required. These costs were not considered but are anticipated to 
be small. 

6. The salvage value of meters was presumed to be $2.00 per unit for scrap “dirty” brass, which is 
brass with other materials contained in the items. 

Options Evaluated 
The three options considered were developed after discussion with Jack Carlisle and David Ward (APW- 
water operator). A five-year span of installation was chosen for options A and C and a one-year 
installation time for option B. The length of the installation was not optimized or evaluated.  

A. Radio read meters installed over five years using current water system employees. 
B. Radio read meters installed in one year with a contract plumber (or other contractor licensed to 

do work on a water system) would accelerate the process. 
C. Install standard meters (current type of meter) over a five-year period with current employees. 

The table below shows all the meters and sizes in the APW system of Lake Junaluska: 

Meter Size, inch Number Comments 
¾  820 Focus of this analysis 
1 23 
2 6 Establishing replacement 

schedule – standard meters 
4 3 All replaced in past five years 
6 1 Replaced in 2015 
Total 853  
 

Commercial meters 
All of the two-inch and larger meters are standard meters and will be replaced by standard meters.  
Beginning in 2017, the two-inch meters will be replaced at the rate of two per year. Additional 
comments will be included in the water loss analysis report. 

Residential meters 
The costs of currently used standard meters are listed in the table below along with the Kamstrup 
flowIQ 2100 ultrasonic radio read meters. The 20-year life of the ultrasonic meters is limited by battery 
life. The 2100 series carries a 20-year warranty with a 100% full cost of replacement for the first 10 
years, then a graduated percentage cost up to year 20.  

Item Current Cost/meter Comments 
¾ Standard Meter $95 15-year life based on AWWA 

member analysis 
1 Standard Meter $145 15-year life based on AWWA 

member analysis 
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¾ Radio Read Meter $160 20-year expected life 
1 Radio Read Meter $200 20-year expected life 
Riser with backflow preventer $200  
 

The implementation costs are summarized in the table below. The radio read meters require a $1,000 
software license (one time) but no additional computers or reading hardware beyond what is owned at 
present. The radio-read receiver and data logger are currently owned by APW public works. A rate of 
contractor $65/meter was used for option B with a one-hour average installation time by a licensed 
plumber or a licensed water system contractor. 

Option Cost Comments 
A—RR meters $168,000 Installation by water employees 
B – RR meters $224,000 Installation by contractors 
C – Standard meters $113,700 Installation by water employees 
 

 
 

Standard meter face Radio read meter face (smart meter)  
 

The meter chosen by APW has a digital read as shown in the graphic above.  

Radio read meter implementation is planned in zones or streets to take full advantage of the reduced 
time for meter reading. Other factors include: 

1. The difficulty of reading meters given position and slope of the road 
2. Age of meters being replaced 
3. Fraction of full-time residents 

Analysis 
Cash flow analysis: 
This method is the usual method for a project to assess payback time and time value aspects. A cash 
flow project analysis considers the effects of factors that change over time. Expenditures are considered 
negative, and savings are positive. No interest charges are expected as the project is revenue funded. 
The results displayed in Figure 2 do not consider effects of inflation or interest. With a 15-year meter life 
of a standard meter with plastic internal components, a replacement cycle should begin during year 16. 
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With this cyclic approach, the choice of cycle length distorts the findings should the length be 15 years, 
20 years, or 25 years. Therefore, an average cost method is more appropriate to reflect the impact on 
the system costs and benefits. 

One conclusion that can be drawn from this analysis is that speeding up the replacement process with 
contract labor is an added expense that has very little benefit. 

 

  
 

Average cost analysis 
The analysis method that avoids this distortion is to use the average cost of metering over the life of the 
meter. The risers and software were consistently amortized over a 20-year life.  

 

 

Option Cost of 
replacement 
program 

Long-term average of 
replacement 
program cost/year 

Savings per year from 
reducing AWL by 75% 
($17,500 per year) 

A—RR meters, 20- 
year life 

$168,000 $8,410 $9,050 

B – RR meters with 
contractor labor, 20- 
year life 

$224,000 $11,200 $6,250 

C – Standard 
meters, 15-year life 

$113,700 $7,020 $10,450 
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The current cost of apparent water losses is $17,000/year. With a 20-year life, the average comparison 
with the base case would be a water loss of $21,000/year or a potential saving of $17,500 per year. This 
represents a payback time of 14.2 years for Option A. 
 
The cost differential between the radio read meters, smart meters, and standard meters, considering 
the life of the meter, is $1,400/year in favor of standard meters. The smart meters are expected to save 
2.6 man-months of labor, which is expected to be used to proactively examine the system for leaks in 
water mains. 
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Conclusions 
The economic impact on the APW system of replacing current meters with radio read meters (RR or 
smart meters) and, alternatively, standard meters was evaluated. The longer 20-year life of the RR 
meters compared with the 15-year life of current standard meters mitigates the higher initial cost. The 
average cost of replacement accounts for this difference in meter longevity. Speeding up the 
replacement program with contact labor (Option B) is not recommended due to the substantially higher 
cost.  
 
A cash flow analysis proved problematic due to the differential in meter life between two of the options; 
consequently, an average cost/year method was used to avoid bias.  
 
Saving 2.6 man-months of meter reading time per year easily mitigates the cost differential of $1,390 
per year. Freeing this amount of APW employees’ time will permit work on cost-saving activities for the 
water and sewer system, such as proactive leak detection and repair.  
 
The APW proposed five-year implementation plan seems prudent to resolve any issues that develop and 
to utilize the efforts of current APW employees in implementation.  
 
The operational advantages of the advanced metering system are continuing to develop with software 
and methods to better serve customers. These non-economic advantages are important to the 
community but not an essential part of an economic study. 
 
These findings are fully consistent with the practice in large numbers of water systems in the US.   
 

Option Implementation 
cost/year 

Cost of 
replacement 
program 

Long-term average of 
replacement 
program cost/year 

Savings per year from 
reducing AWL by 75% 
($12,750 per year) 

A—RR meters, 20-
year life 

$33,600 $168,000 $8,410 $4,300 

B – RR meters with 
contractor labor, 20- 
year life 

$224,000 $224,000 $11,200 $1,500 

C – Standard 
meters, 15-year life 

$22,700 $113,700 $7,020 $5,700 
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Purpose: 
The purpose of these measurements is to compare the annualized water loss with the water usage at a 
time when the water usage is expected to be the lowest —3:00 to 4:00 am—under 10% of average 
usage. This is an approximate method since the day-to-day variability is expected to be substantial. 

The 2016 water loss audit (WLA) underway indicated a loss rate of 11.33 million gallons/year. The 
expectation is that the results exceed this value to validate the WLA loss rate. This method captures 
leakage in the distribution system and leakage after customer meters. One common customer leakage 
that may go undetected is a leaking toilet tank flush valve due to inadequate sealing between the 
flapper and mating surface. Some usages, such as timed early morning landscape watering, would also 
be captured by this data collection method. 

Method: 
The readings were done for five consecutive days (April 24-28, 2017) by your water [names]. Scan of 
data attached. The readings include the two Waynesville water supply meters and the LJA campground 
meter. The last meter is a meter in the APW customer system where there is a known leak after the 
meter. 

The first day of the readings shows very high leakage due to the automated filling of the Sleepy Hollow 
storage tank. Because of this assignable cause, that data was omitted from the analysis, and the timing 
on the filling of the storage tank was delayed for the remaining days of the test.  

Data Analysis: 
As expected, the meter readings for the Waynesville supply meter for the LJA water system near the 
west entrance meter were unchanged over the period measured. The difference in the Holston meter 
over the time period and the difference in the campground user meter were used to calculate the low 
usage rate (spreadsheet attached). This is summarized in Table 1. The minimum system flow value was 
chosen since it reflects leakage rates. This approach best reflects leakage, which is expected to be a 
constant value.  

Summary of Results: 
The 4/46/17 dataset was chosen as the minimum early morning usage value. This value of 21.62 million 
gallons (MGPY) per year is much higher than the WLA value of 11.33 MGPY. This confirms the WLA loss 
rate. It also indicates a large early morning usage, which suggests there may be significant metered 
customer losses. A contributor may be early morning automatic landscape watering or manual 
landscape watering. This measured usage of 10.3 MGPY is significant when compared with the 
authorized consumption of 37 MGPY. The expected early morning flow rate would be 5 to 10% of the 
average usage rate. The campground losses are about 20 cubic feet per hour or about 0.2 million 
gallons/year. 

  



Table 1 Summary of Data 3:00 to 4:00 am Measurement Results 

Item Supply 
meter 
flow 

User Meter 
campground 

System 
flow, 
less 
known 
losses 

System 
flow, less 
known 
losses 

System 
flow, 
Less WLA 
losses 

Day\Units CF/hr CF/hr CF/hr million 
gallons/yr 

million 
gallons/yr 

4/24/2017      
4/25/2017 362 21 341 22.34  
4/26/2017 355 25 330 21.62 10.29 
4/27/2017 569 26 543 35.58  
4/28/2017 565 150 415 27.19  

 

The value to customers, presuming the measurements do not include landscape usage, is approximatly  
$74,000/year, and the campground annual loss is $1,400/year. The campground usage is seasonal, so 
the actual loss is less than this amount.  

Suggested Next Steps: 
1. Since the Lake Junaluska Conference and Retreat Center is the largest water user, suggest that 

they make 3:00 to 4:00 am readings of their meters. There may be costly undetected leakage. 
2. Consider adding content to the APW for diagnosing residential water leakage. The enclosed 

document contains some language copied from another water system with a YouTube video 
link. 

3. Repeat measurements on a regular basis, perhaps quarterly or semiannually.  
4. Promote customer’s home leakage detection as a means of saving customers money. 
5. Consider data logging of Waynesville supply meters as a part of future system improvements 

and also as a part of the overall system data logging system. This seems to be a very low priority 
item at the moment. 

 

Respectfully submitted, 

Chuck 
Chuck Lipp 

Volunteer and Resident Lake Junaluska 
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