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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

PUBLIC SERVICE 
COMMISSION 

In the Matter of: 

JOINT APPLICATION OF WARREN COUNTY ) 
WATER DISTRICT, SIMPSON COUNTY WATER 
DISTRICT, AND BUTLER COUNTY WATER ) CASE NO. 201 1-00220 
SYSTEM, INC. FOR A DEVIATION FROM ) 
APPROVED METER TESTING PROGRAM ) 

) 

RESPONSES TO 
COMMISSION STAFF'S REQUEST FOR INFORMATION 

ON BEHALF OF 
WARREN COUNTY WATER DISTRICT, 
SIMPSON COUNTY WATER DISTRICT, 

AND BUTLER COUNTY WATER SYSTEM, INC. 

The Warren County Water District, Simpson County Water District, and Butler 

County Water System, Inc., by counsel, hereby provide answers and responses to the 

Commission Staffs request for information. An original and ten (IO) copies of the 

answers and responses are filed with the Commission. Alan H. Vilines, PE shall be the 

witness who will be responsible for responding to questions relating to the information 

provided: 

I. 
F req u e ncy . 'I 

a. Identify the authors of "Revised Determination of Cost-Effective Meter Testing 

RESPONSE: The authors of "Revised Determination of Cost-Effective 

Meter Testing Frequency" are Alan H. Vilines, P.E. and Bryan R. Tillery, 

P.E. 

b. Provide each author's curriculum vitae. 

RESPONSE: The curriculum vifae for each author are attached as Exhibit 1. 
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c. Identify each author‘s academic and professional experience in sample 
testing and statistical analysis. 

RESPONSE: Mr. Tillery’s academic experience in statistical analysis 

consists of undergraduate coursework related to engineering statistics. Mr. 

Vilines completed several undergraduate and graduate level courses in 

statistics, industrial engineering and engineering economics which 

included topics on sample testing and statistical analysis. His professional 

experience includes sample testing for material quality control and since 

the mid 1980’s he has worked extensively on sample testing and analysis 

related to water meter testing. 

2. a. State whether “Revised Determination of Cost-Effective Meter Testing 
Frequency” underwent any peer review prior to its submission to the Commission. 

RESPONSE: The report titled “Revised Determination of Cost-Effective 

Meter Testing Frequency” did not undergo a peer review. However, the 

methodology used in that study is the same that was used in an earlier 

study by Mr. Vilines that was reviewed. 

b. If it was subjected to peer review, identify the persons who performed the 
review, describe each reviewer’s academic and professional experience, and provide 
their comments regarding the study. 

RESPONSE: Richard R. Noss, PhD was a project manager at the firm of 

Bennett & Williams, Inc. when he was asked to review the report by Mr. 

Vilines titled “Determination of a Cost-effective Meter Testing and 

Maintenance Program” dated January 20, 1988. Sensus Model SR meters 

were the subject of this 1988 report. 

Dr. Noss was a leading authority on the issue of meter testing. Dr. Noss 

was an environmental engineer with an academic background in 

environmental chemistry and biology, including masters level work in 

sanitary engineering and water resources engineering. He also held a 

PhD in water resources and environmental engineering. His area of 

Page 2 



expertise included hydrology, systems analysis, engineering economics, 

computer modeling, policy making, water quality management, and the 

development of water regulations and interpretation of water law. He 

graduated cum laude in 1972 from Harvard University and received his 

masters degree from the University of Michigan. He also did post-graduate 

work at the Massachusetts Institute of Technology where he received a 

masters degree and a PhD. Dr. Noss published several articles on the 

subject of optimal meter testing frequency. 

The review by Dr. Noss of the earlier Vilines work is presented in his 

report titled “Calculating the Optimal Meter Testing Frequency”, dated 

November I O ,  1989 and is included as Exhibit 2. 

3. 
as of June 30, 201 1 by manufacturer, model, and age. 

Provide for each of the Joint Applicants a breakdown of its total meter population 

RESPONSE: The breakdown for 5/8 x 3/4” meters is shown in Exhibit 3. 

4. 
purchase of new water meters. If yes, provide a copy of that policy. 

State for each of the Joint Applicants whether it has a written policy regarding the 

RESPONSE: None of the Joint Applicants have a written policy regarding 

the purchase of water meters. 

5. 
plans to purchase for the next ten years. 

Describe the type of meter (manufacturer and model) that each Joint Applicant 

RESPONSE: It is impossible to state with any certainty what meters will 

be purchased over the next ten years. Changes in regulations, technology, 

meter design, meter pricing, operating costs, etc. will impact those 

decisions. However, under current conditions it is probable that the Joint 

Applicants would continue to purchase Sensus SR I1 meters. 

6. 
the study group were tested for the current study. 

State the time period (Le., beginning and ending dates) over which the meters in 
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RESPONSE: The meters in the sample groups included in this study were 

tested between October 27,201 0 and December 20,201 0. 

7. State whether “Revised Determination of Cost-Effective Meter Testing 
Frequency” addresses the testing of any meter other than Sensus Model SRll meters. 

RESPONSE: The study described in that report does not address the 

testing of any meters other than the Sensus Model SRII. 

8. 
only Sensus Model SRll meters for the next ten years. 

State for each of the Joint Applicants whether the Applicant intends to purchase 

RESPONSE: See the answer to Number 5 above. 

9. State whether the Joint Applicants conducted any inquiry as to the intentions of 
the manufacturer of the Sensus Model SRll meters regarding the continued 
manufacture of that type of meter. If yes, describe the results of those inquiries. 

RESPONSE: No such inquiry has been made. 

10. State whether, as the study involved only Sensus Model SRll meters, 
Commission approval of the proposed meter testing and replacement program should 
be limited to the use of Sensus Model SRll meters and not applicable to other types of 
meters. 

RESPONSE: Commission approval of the proposed meter testing and 

replacement program should be limited to only 5/8” x 3/4” Sensus Model 

SRII meters. Although other meters might display similar characteristics, 

this has not been determined by the Joint Applicants and therefore the 

conclusions of the study are not applicable to other brands, sizes or types 

of meters. 

11. 
replacement program if the manufacture of Sensus Model SRll meters is discontinued. 

State the effect on any Commission approval of the proposed meter testing and 

RESPONSE: If Sensus were to stop manufacturing SRll meters, the Joint 

Applicants would continue to operate under the proposed program as long 

as Sensus SRll meters remain in service. For example, new Sensus SRll 
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meters installed in 2012 would remain in service through 2033 and then 

be replaced. Testing of any other model or brand that might be 

substituted, would be handled in accordance with PSC regulations, unless 

a specific deviation is granted for the substitute by the Commission in the 

future. 

12. Identify each government, water industry or trade association standard that 
recognize and adopt the Weighted Average Meter Accuracy (“WAMA”) concept. For 
each standard listed, provide a copy of the written standard. 

RESPONSE: The Joint Applicants are not aware of specific “standards” 

which have adopted the use of the Weighted Average Meter Accuracy 

(WAMA). However, the PSC approved the use of the WAMA concept in 

the development of a meter testing program in Case No. 1997-00434. The 

same methodology used in Case No. 1997-00434 was used for the 

current case. 

Numerous scholarly and trade association documents and articles have 

referenced the use of a weighted average meter accuracy. A few of these 

documents are listed below. 

8 Noss, Richard R., et. al, Optimal Testing Frequency for Domestic 
Wafer Mefers, Journal of Water Resources Planning and 
Management, Vol. 113, No. I , January 1987 (Exhibit 4A). 

e Yee, Michael D., Economic Analysis for Replacing Residenfial 
Meters, Journal AWWA, Vol. 91 , No. 7, July I999 (Exhibit 4B). 

8 Kelly Jr., Thomas A., Who’s Minding the Cash Regisfer?, Opflow, 
American Water Works Association, Vol. 27, No. 8, August 2001 
(Exhibit 4C). 

e Beenfeldt, Norman, Determinafion of Economic Period for Wafer 
Meter Replacement, Journal AWWA, Vol. 58, No. 6, June 1966 
(Exhibit 4D). 

13. State the number of meters in the testing sample that were radio-read meters. 

RESPONSE: None of the meters tested were radio-read meters. 
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14. 
or board of directors in which the current request for deviation was discussed. 

Provide the minutes of the meetings of each Applicant’s board of commissioners 

RESPONSE: See Exhibit 5 and Exhibit 6. 

15. Provide the resolution or the minutes of the meetings of each Applicant’s board 
of commissioners or board of directors in which the appropriate governing body 
authorized the current request for deviation. 

RESPONSE: See Exhibit 6. 

16. Describe how the sampling size for each year of manufactured meters from 
1990-1 997 was determined. Address in this description the difference between the 
Sample Size for Testing shown in Exhibit 1 from the Joint Applicants’ Response to 
Staffs First Set of Interrogatories in Case No. 2003-00391’ and the Sample Size used 
in the Joint Applicants’ Application in the current processing. Show all calculations and 
supporting documentation. 

RESPONSE: The sample size for each year of manufactured meters was 

determined based on the following equation: 
2 

n=[z*:) 

where : 
n = sample size 
z = 1.96, constant for 95% confidence level 
0 = standard deviation of population 
E = acceptable error = 21 % 

To calculate a standard deviation for each year of meters, previous meter 

test results for each year of meters was used. The population in the 

evaluation group for each year of meters consisted of a sub-set of readily 

available meter test data. The standard deviations were normalized using 

linear regression. For further assurance that the sample size for each year 

would yield valid results, the sample size for each year of meters was 

rounded up to the nearest multiple of five or to a minimum sample size of 

30. The calculations of sample size are shown in Exhibit 7. 
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The sample size indicated in Exhibit 1 from the Joint Applicants' Response 

to Staffs First Set of Interrogatories in Case No. 2003-00391 was based 

on 8 percent of the total meter population for each year. This percentage 

was used on a preliminary basis because it would result in the maximum 

sample size required for the confidence level desired. At that time the 

maximum number was computed so that age groups large enough were 

reserved and held out of routine testing to insure a successful study. Also 

see the answer at Number 19. 

The smaller sample group used in the current proceeding resulted in a 

statistically acceptable result. For each age group of meters tested, the 

actual error was calculated to determine if the sample yielded results 

within the pre-determined acceptable error level. The result of these 

calculations are included in Tables A-I through A-8 of "Revised 

Determination of Cost-Effective Meter Testing Frequency." For each age 

group of meters tested the calculated actual error was less than the 

acceptable error of r t l  percent. The equation used for this calculation is: 

where : 
E = actual error 
z = 1.96 for 95% confidence level 
0 = standard deviation of population 
n = sample size 
N = total population sample size 

17. Refer to "Revised Determination of Cost-Effective Meter Testing Frequency," 
Appendix A, Table A-7; and Case No. 2003-00391, Joint Applicants' Response to 
Staffs First Set of Interrogatories, Exhibit 1. The total population size in Table A-7 
conflicts with the total number of 1991 meters in Exhibit 1. Provide a revised Table A-7 
as shown in Appendix A of the Revised Determination of Cost-Effective Meter Testing 
Frequency report with a corrected Total Population Size. 
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RESPONSE: Due to an input error, the total population size of 18 year 

old meters was inserted in both Tables A-6 and A-7. Table A-7 should 

have indicated the total population size of 19 year old meters which is 

1,525. The revised Table A-7 is attached as Exhibit 8. 

18. Refer to “Revised Determination of Cost-Effective Meter Testing Frequency,” 
Appendix A. For each year of manufacture, state for each of the Joint Applicants the 
number of meters from the vintage that were in service on that Applicant’s water 
distribution system. 

RESPONSE: A summary of meters for each year of manufacture for each 

Applicant is attached as Exhibit 9. 

19. Refer to “Revised Determination of Cost-Effective Meter Testing Frequency,” 
Appendix A. This study is based upon the testing of 425 meters. In Case No. 2003- 
00391 the Joint Applicants proposed that a sample group of approximately 200 meters 
from each year of manufacture from 1990 to 1997 be randomly selected to remain in 
service for a study which would be conducted in 2010. The total sample population 
would be 1,600 meters. Provide the status and/or testing results for the remaining 
meters not listed in Appendix A. Provide in summary form these results by utility and 
year of manufacture. 

RESPONSE: The number of meters expected to be tested in each age 

group in Case No. 2003-00391 was not 200. The number of meters 

requested to be allowed to be reserved for future testing was 200. This 

was also explained in Item No. 1 of the Joint Applicant’s Answers and 

Responses in Case No. 2003-00391, dated August 27, 2004. The 425 

meters tested for this study were randomly selected from these groups of 

200 meters of each year of manufacture which were retained in place in 

accordance with Case No. 2003-00391. The remaining meters from these 

groups have not been disturbed pending the results of this case. 

20. Refer to “Revised Determination of Cost-Effective Meter Testing Frequency” at 9. 
Explain how the Joint Applicants calculated an incremental water rate of $3.09/1,000 
gallons. The response shall state all assumptions, show all calculations, and provide all 
work papers used to make the determination. 
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RESPONSE: The incremental water rate of $3.09/1,000 gallons assumed 

a monthly water usage of 4,160 which was the average residential usage 

in 2010. The actual rate block for this volume of water was $3.09/1,000 

gallons. 

21, Refer to “Revised Determination of Cost-Effective Meter Testing Frequency,” 
Table 3. Provide a revised Table 3 that includes the effect of Warren County Water 
District’s recent rate adjustment on the revenue-gained calculations. 

RESPONSE: The revised Table 3 is attached as Exhibit 10 which 

includes the effect of WCWD’s recent rate adjustment. Although the rate 

adjustment does have an effect on the present value calculation, the rate 

adjustment does not change the meter age at which the revenue gain of 

the program exceeds the costs. 

22. Explain how the Joint Applicants determined the use of a three percent 
compound interest rate in its present value calculations. 

RESPONSE: Generally the selection of the interest rate to be used in 

time value of money computations is based on either the opportunity cost 

(investment rate) or the actual cost of capital (loan or bond rates). 

Although current low risk investment rates over a moderate investment 

period are currently less than 3 percent, that appears to be a reasonable 

estimate of such rates looking toward the next several years. Because 

funding for meter replacements for the Joint Applicants is not expected to 

come from borrowing, that basis for the interest rate selection was not 

considered to be as significant. However, an average bond or loan rate of 

approximately 3 percent is currently available for moderate length periods. 

Considering all of these factors, a 3 percent rate was selected. 

23. 
meters for accounting purposes. 

State the service lives that each of the Joint Applicants has assigned to Sensus II 

RESPONSE: 

years. 

The service life assigned to Sensus SRll meters is 20 
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24. Refer to "Revised Determination of Cost-Effective Meter Testing Frequency,'' 
Table 3. 

a. Describe how the Joint Applicants determined the replacement cost of a 5/8- 
inch x 3/4-inch water meter. 

RESPONSE: The replacement costs of a 5/8-inch x 3/4-inch water meter 

was based on the Joint Applicants actual cost for a 5/8-inch x 3/4-inch 

water meter minus the scrap value of the meter which was to be replaced. 

The scrap value price was based on the average of the Joint Applicants 

previous three scrap meter sales. 

b. Describe how the Joint Applicants determined the cost to test a 5/8-inch x 
3/4-inch water meter. 

RESPONSE: The Joint Applicants assume question refers to "Total Unit 

Retrieval & Test Cost" as indicated on "Revised Determination of Cost- 

Effective Meter Testing Frequency," Table 3. The data used for this 

calculation was based on the actual average expenses and production 

rates of the Joint Applicants' current meter testing program. The average 

expense associated with personnel and equipment was multiplied by the 

actual average rates of production to result in the average unit cost per 

meter. 

DATED this 1 Ofh day of November, 201 1. 

COLE & MOORE, P.S.C. 
9221 College Street 
Bowling Green, KY 42101 
(270) 782-6666 

BY: 
Frank Hampth Moore, Jr. 'l 
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CERTl F IC ATlON OF PERSON PREPARI N G/SU P ERVlSl NG 
THE PREPARATION OF THE RESPONSE 

This is to certify that the undersigned prepared and/or supervised the preparation of this 
response on behalf of the Joint Applicants and that this response is true and accurate to 
the best of his knowledge, information, and belief formed after reasonable inquiry. 

BY: 
Alan l-4. Vilines, PE 

COMMONWEALTH OF KENTUCKY 

COUNTY OF WARREN 

SUBSCRIBED AND SWORN to before me by Alan H. Vilines on the lOzL day of 
November 201 1. 

My Commission Expires: J&/ / I  3 

CERTIFICATION OF SERVICE 

The unprsigned her y certifies that a true and correct copy of the foregoing was on the 

following: 
,O day of A O f  ,, 201 1, mailed for overnight deliver, postage prepaid, to the 

Original and I O  copies to: 

Copies to: 

Jeff Derouen 
Executive Director 
Public Service Commission 
P 0 Box 615 
Frankfort, KY 40602 

Alan H. Vilines 
General Manager 
Warren County Water District 
523 U.S. 31W Bypass 
P. 0. Box 10180 
Bowling Green, KY 421 02-4780 

I 

Frank Hampton Moore, Jr. 
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EDUCATION 

REGISTRATION 

EXPERIENCE 

1980 - Present 

1975 - 1980 

1974 - 1975 

CURRLCULTJM VITAE 
ALAN €3. VILINES 

1982, University of Tennessee, Knoxville, TN, Master of 
Science in Engineering Administration. 

1974, Western Kentucky University, Bowling Green. KY, 
Bachelor of Science in Civil Engineering Technology. 

Professional Engineer - Commonwealth of Kentucky. 

Warren County Water District, Bowling Green, KY. Held several 
engineering positions, Assistant General Manager and began 
serving as General Manger in October 2005. Responsibilities 
have included design and contract administration of various 
water and sewer improvement projects. Conducted capital 
improvement plans, management studies, hydraulic analyses, 
financial and rate studies. Developed meter testing study and 
analysis that resulted in PSC approved program. Worked 
extensively with various groups, agencies and leaders in the 
community. Now responsible for all aspects of the Water 
District’s activities including operations, engineering, frnance 
& administration, and customer service. 

Robert S. Miller Co., Inc., Nashville, TN. Engineer. Perfomed 
design work on sewage collection systems, sewage treatment 
plants, water transmission and distribution projects, and water 
treatment plants. Also designed streets, curbs and gutters, 
storm drainage, retaining walls, and other general municipal 
projects. 

Kenco Associates, Inc., Ashland, KY. Associate Engineer. 
Responsible for field and office work on industrial sites, 
property, and sewer system surveys. Assisted in design of 
water and sewer systems. 



CURRICULUM VITAE 
BRYAN R. TILLERY 

EDUCATION 2005, Tennessee Technological Universitv, Cookeville, TN, 
Bachelor of Science in Mechanical Engineering. 

REG IS TRATl 0 N Professional Engineer (Civil Engineering) - Commonwealth of 
Kentucky . 

EXPERIENCE 

2005 - Present 

2003 - 2004 

Warren Countv Water District, Bowling Green, KY. Engineer. 
Performed design and contract administration on water 
transmission/distribution systems and sewer 
interceptor/collection systems. Completed capital 
improvement studies, efficiency studies, hydraulic 
analyses, and financial studies. 

Jackson Energv Authority, Jackson, TN. Co-op Engineer. 
Assisted in the design of various water and wastewater 
fa ci I it i es , i n cl u d i n g sewer re h ab i 1 it at i o n . Performed 
sewer inflow and infiltration study. 
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CALCULATING THE OPTIMAL METER TESTING FREQUENCY 

Prepared for: 

fOB" 

Presentation to  

Kentucky Public Service Commission 

Submitted by: 

BENNETT aQ& WILLIAMS, INC. 

COLUMBUS, OHIO 43231 
2700 E. DUBLIN-GRANVILLE RD. 

November 10,1989 



2700 EAST DLBLIN GRANVl1.L.E RO4D 
SUITE 55Q 

COLUMBUS, OH]@ 43229 
6 14 482-9 1 2 1  

FAX: 614/652-426G 

November  1 0 ,  1989 

Mr. J o e  L i s l e s ,  M a n a g e r  
B u t l e r  C o u n t y  Water S y s t e m ,  I n c .  
G r a y s o n  C o u n t y  Water D i s t r i c t  
S i m p s o n  C o u n t y  Water i l i s t r i c t  
W a r r e n  C o u n t y  Water D i s t r i c t  
952 F a i r v i e w  A v e n u e  
B o w l i n g   green,^ K e ~ t u c k y  4 2 1 0 2  

Re:  E v a l u a t i o n  of  D o m e s t i c  Water Meter T e s t i n g  P r o g r a m  

Dear Mr. L i s l e s t  

T h e  a t t a c h e d  r e p o r t  p r e s e n t s  t h e  c a l c u l a t i o n  o f  a n  o p t i m a l  
d o m e s t i c  w a t e r  meter t e s t i n g  f r e q u e n c y  f o r  t h e  Warren C o t l n t y  
WEzter D i s t r i c t  (WCWO), O u r  c a l c u l a t i o n s  a r e  b a s e d  on d a t a  
f r o m  t h e  r e p o r t  e n t i t l e d  " D e r e r n i n a t i o n  o f  a C o s t - E f f e c t i v e  

o f f i c e .  We c o n c l u d e  t h a t  t h e  o p t i m a l  d o n e s r i c .  w a t e r  me te r  
t e s t i n g  f r e q u e n c y  i s  o n c e  e v e r y  t h i r t e e i l  y e a r s .  

Meter T e s t i n g  a n d  M a i n t e n a n c e  P r o g r a m ,  ??  p r o v i d e d  b y  yog i -  

Meters  f r o m  t h e  S i m p s o n  C o u n t y  Water D i s t r i c t  a n d  t h e  B u t l e r  
C o u n t y  W a t e r  S y s t e m  may h a v e  h i g h e r  w e i g h t e d  a v e r a g e  meter 
a c c u r a c i e s  a t  t h e  a g e s  t e s t e d  t h a n  t h e  WCWD me te r s .  I f  t h i s  
i s  s o ,  t h e  e c o n o m i c  a n a l y s i s  u s e d  i n  t h e  a t t a c h e d  r e p o r t  
w o u l d  s u g g e s t  t h a t  meter  t e s t i n g  p e r i o d s  l o n g e r  t h a n  13 
y e a r s  w o u l d  b e  a p p r o p r i a t e .  R e c o g n i z i n g  t h a t  t h e  me te r  
m a n u f a c t u r e r ' s  w a r r a n t y  r e p l a c e m e n t  p o l i c y  is i n  e f f e c t  f o r  
o n l y  15  y e a r s ,  a n d  t h a t  t h e  t h r e e  s m a l l e r  water d i s t r i c t s '  
meter  t e s t i n g  p r o g r a m s  a r e  i n t e g r a t e d  w i t h  t h e  W C W D  p r o g r a m ,  
we r e c o m m e n d  t h a t  a l l  f o u r  w a t e r  d i s t r i c t s  f o l l o w  t h e  same 
Ilieter t e s t i n g  p r o g r a m .  

Dr. R i c h e r d  R O S S ,  P r o j e c t  M a n a g e r  o n  t h i s  w o r k ,  w i l l  be  
a v a i l a b l e  t o  answer q u e s t i c n s  t h e  water  d i s t r i c t s  o r  t h e  
K e n t u c k y  P u b l i c  S e r v i c e  C o m m i s s i o n  ma7 h a v e  w i t h  r e s p e c t  t ~ i  

t h e  r e p o r t .  

We a p p r e c i a t e  t h i s  o p p o r t u n i t y  t o  b e  o f  s e r v i c e .  

V e r y  t r u l y  y o u r s ,  
BENNETT PC WILLIAMS,  L N C  

R i c h a r d  R .  NOSS, PhD 
P r o j e c t  M a n a g e r  

FOR THE BEST ADVICE O N  EARTH 
A t t a c h m e n t  



INTRODUCTION 

A c c u r i i t e  m e t e r i n g  o f  w a t e r  d e l i v e r e d  t o  c o n s u m e r s  i s  

e s s e n t i a l  t o  t h e  e f f i c i e n t  o p e r a t i c n  o f  a w a t e r  u t i l i t y .  

M o s t  i m p o r t a n t l y ,  m e t e r e d  w a t e r  i s  t h e  b a s i s  f o r  b i l l i n g  

c u s t o m e r s .  M e t e r s  a l s o  e n s u r e  a b a s i c  f a i r n e s s  t h a t  a l l  

c o n s u m e r s  a r e  p a y i n g  i n  p r o p o r t i o n  t o  t h e i r  w a t e r  u s a g e .  In 

i i d d i t i o n ,  m e t e r e d  w a t e r  u s a g e  d a t a  i s  t h e  b a s i s  f o r  wa te r  

use a n d  s u p p l y  c a l c u l a t i o n s .  

W a t e r  m e t e r s  n e e d  p e r i o d i c  m a i n t e n a n c e  b e c a u s e  m e t e r  

a c c u r a c y  d e c r e a s e s  w i t h  a g e  a n d  w i t h  t h e  a m o u n t  o f  w a t e r  

m e t e r e d .  C o n s u m e r s  w i t h  i n a c c u r a t e  m e t e r s  do  n o t  p a y  f o r  

t h e  f u l l  a m o u n t  o f  w a t e r  t h e y  u s e .  A s  a r e s u l t ,  t h e  u t i l i t y  

d o e s  n o t  r e c o v e r  f u l l  r e v e n u e  f o r  t h e  w a t e r  i t  i s  

d e l i v e r i n g .  O c c a s i o n a l l y  a m e t e r  w i l l  " f a i l " ,  t h a t  i s ,  t o  

b a d l y  u n d e r - r e g i s t e r  t h e  w a t e r  u s e d  o r  e v e n  t o  s t o p  

r e g i s t e r i n g  a l t o g e t h e r .  F a i l e d  m e t e r s  a r e  d e t e c t e d  by t h e  

M a t e r  D i s t r i c t s '  b i l l i n g  c t f f i c e  d u r i n g  t h e  r e v i e w  o f  m o n t h l y  

w a t e r  b i l l s  a n d  a r e  r e p l a c e d  i m m e d i a t e l y .  

M e t e r  t e s t i n g  and  r e p a i r  p r o g r a m s  a r e  e s t a b l i s h e d  t o  

 provide m e t e r  m a i n t e n a n c e  on a r e g u l a r l y  s c h e d u l e d  b a s i s .  

The f r e q u e n c y  a t  w h i c h  m e t e r s  e r e  p u l l e d ,  t e s t e d  a n d  

r e p a i r e d  d e t e r m i n e s  t h e  n u m b e r  o f  m e t e r s  t e s t e d  e a c h  y e a r  

BENNETT t; WILLIAMS, INC. 
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a n d  t h e r e f o r e  t h e  c o s t  o f  t h e  m e t e r  t e s t i n g  p r o g r a m .  There  

i s  a l s o  a " c o s t "  a s s o c i a t e d  w i t h  h a v i n g  i n a c c u r a t e  m e t e r s  i n  

t h e  s y s t e m .  T h i s  i s  t h e  " c o s t "  o f  t h e  w a t e r  d e l i v e r e d  t o  

c o n s u m e r s  t h a t  i s  n o t  g e n e r a t i n g  r e v e n u e  b e c a u s e  i t  i s  not, 

r e g i s t e r e d  on t h e  m e t e r ,  The l o n g e r  t h e  i n t e r v a l  between 

m e t e r  t e s t s  t h e  lower  t h e  c o s t ,  o f  t h e  m e t e r  t e s t i n g  program 

w i l l  be b e c a u s e  f e w e r  m e t e r s  a r e  m a i n t a i n e d  e a c h  y e a r .  The 

l o n g e r  t h e  i n t e r v a l  between m e t e r  t e s t s ,  however ,  t h e  

g r e a t e r  t h e  arrlourlt  o f  u n n e t e r e d  w a t e r  and t h e r e f o r e  t h e  

g r e a t e r  t h e  c o s t  o f  l o s t  r e v e n v e s .  The o p t i m a l  m e t e r  

t e s t i n g  i n t e r v a l  i s  d e t e r m i n e d  by b a l a n c i n g  t h e s e  c o s t s ,  

t a k i n g  t h e  t i m e  v a l u e  of  money i n t o  a c c o u n t .  

T h i s  p r e s e n t a t i o n  i s  b a s e d  o n  t h e  r e s u l t s  o f  d o m e s t i c  

w a t e r  m e t e r  t e s t i n g  c o n d u c t e d  by t h e  Warren County Water 

D i s t r i c t .  The m e t e r  t e s t i n g  d a t a  i s  used t o  c a l c u l a t e  t h e  

d e c l i n e  i n  m e t e r  a c c u r a c y  w i t h  a g e ,  which i n  t u rn  i s  used 

w i t h  c o s t  d a t a  f o r  t h e  N a r r e n  County Water D i s t r i c t  t o  

d e t e r m i n e  a n  o p t i m a l  w a t e r  m e t e r  t e s t i n g  f r e q u e n c y .  T h e  

c a l c u l a t i o n s  i n d i c a t e  t h a t  a m e t e r  t e s t i n g  i n t e r v a l  of  once  

e v e r y  1 3  y e a r s  i s  most c o s t  e f f e c t i v e ,  g i v e n  t h e  r a t e  o f  

d e c l i n e  i n  m e t e r  a c c u r a c y  w i t h  a g e  c h a r a c t e r i s t i c  o f  t h e  

Warren  C o u n t y  Water D i s t r i c t ' s  d o m e s t i c  w a t e r  m e t e r s .  

BENNETT ("I ?TILL TAMS, INC. 
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BACKGROUND 

S t u d i e s  o f  d o m e s t i c  w a t e r  m e t e r  t e s t i n g  c i t e  a ~ i d e  

r a n g e  o f  m e t e r  t e s t i n g  f r e q u e n c i e s ,  r a n g i n g  f rom Gnce e v e r y  

f i v e  y e a r s  t o  more t h a n  t w e n t y  y e a r s  between t e s t s .  In sonic 

c a s e s  t h e  m e t e r  t e s t i n g  f r e q u e n c i e s  have been based  o n  i o c a l  

s t u d i e s  o f  m e t e r  p e r f o r m a n c e ;  i n  o t h e r  c a s e s  t h e  r e a s o n i n g  

b e h i n d  t h e  t e s t i n g  i n t e r v a l  c h o s e n  i s  l e s s  c l e a r .  T h e  

r e s u l t s  of s e v e r a l  m e t e r  t e s t i n g  s t u d i e s  a r e  p r e s e n t e d  i n  

T a b l e  1 .  

Meter  t e s t i n g  p r o g r a m s  s e r v e  m u l t i p l e  p u r p o s e s .  The 

p u r p o s e s ,  i n  t u r n ,  may p r o v i d e  g u i d a n c e  t o  t h e  d e s i g n  o f  

r ' g o o a r r  o r  " b e s t "  m e t e r  i ; e s t i  n g  p rograms.  For  example ,  m e t e r  

t e s t - i n g  s e r v e s  t h e  f o l l o w i n g  p u r p o s e s :  

1. f a i r n e s s  -- t o  e n s u r e  t h a t  e a c h  c u s t o m e r  i s  f u l l y  

c h a r g e d  f o r  t h e  w a t e r  u s e d .  

2 .  c h e c k  w a r r a n t i e s  -- t o  d e t e r m i n e  w h e t h e r  m e t e r s  a r e  

p e r f o r m i n g  a s  s p e c i f i e d  i n  t h e  m a n u f a c t u r e r ' s  

w a r r a n t y ,  a n d  i f  n o t ,  t o  r e p l a c e  them w i t h  m e t e r s  

t h a t  d o  p e r f o r m  p r o p e r l y .  

BE.NNET1" & WILLIAMS, INC 



TABLE 1 

Meter T e s t i n g  Frequencies Determined by 

Meter Accuracy Studies 

Mfeter Testing 

Albany, N Y  

California AWWK 

Indianapolis, I N  

Ta.untonp MA 

Westchester Go. ,  N Y  

Rochester, N Y  

2 0  

7 2 0  

9-1 5 

7-9  

25-28 

11-15  
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3. r e v e n u e  enhancement  --- t o  m i n i m i z e  t h e  a m o u n t  o f  

w a t e r  t h a t  i s  n o t  r e g i s t e r e d  on c u s t o m e r s '  m e t e r s  

( U n r e g i s t e r e d  w a t e r  g e n e r a t e s  n o  r e v e n u e , )  

The g u i d a n c e  e a c h  o f  t h e s e  p u r p o s e s  p r o v i d e s  t o  t h e  c h o i c e  

o f  a n  o p t i m a l  m e t e r  t e s t i n g  f r e q u e n c y  i s  d i s c u s s e d  below. 

-_______. Fairness More f r e q u e n t  t e s t i n g  r e s u l t s  i n  a w a t e r  s y s t e m  

w i t h  s m a l l e r  d i f f e r e n c e s  between t h e  m o s t  a c c u r a t e  and t h e  

l e a s t  a c c u r a t e  m e t e r s .  The d i f f e r e n c e  i n  t h e  r a n g e  o f  

e c c u r a c i e s  i s  n o t  g r e a t ,  however.  A f t e r  1 5  y e a r s  i n  s e r v i c e  

t h e  Warren County Water D i s t r i c t ' s  m e t e r s  s t i l l  have a n  

a v e r a g e  w e i g h t e d  a v e r a g e  a c c u r a c y  o f  9 6 . 1 9 % .  I h i s  amounts 

t o  a nrax i rnum d i f f e r e n c e  o f  $ 6 . 3 6  o u t  o f  an a n n u a l  b i l l  of 

$ 1 6 6 . 9 2  f o r  t h e  a v e r a g e  d o m e s t i c  w a t e r  u s e r .  

- 

---_--__-_--__ Check gasranties A l l  o f  t h e  m e t e r s  u s e d  by t h e  Warren 

County Ir!ater D i s t r i c t  a r e  Rockwell  S R  n e t . e r s .  These  m e t e r s  

have  a 1 5  y e a r  w a r r a n t y .  T h u s  m e t e r  t e s t i n g  f r e q u e n c i e s  

g r e a t e r  t h a n  1 5  y e a r s  would he unwise  b e c a u s e  t h e y  would n o t  

d e t e c t  t h e  m e t e r s  t h a t  f a i l  t o  meet  s p e c i f i c a t i o n s  i K  t i m e  

t o  r e p l a c e  them w h i l e  t h e y  a r e  s t i l l  u n d e r  w a r r a n t y .  

-------------- E n h a n c e  Revenue T h i s  may be i n t e r p r e t e d  i n  two ways: 

1 )  c o n c e n t r a t e  on r e v e n u e  n o t  c o l l e c t e d  b e c a u s e  o f  under- 

r e g i s t e r i n g  m e t e r s  o r  2 )  c o n c e n t r a t e  o n  t h e  r e v e n u e  

r e c o v e r e d  b y  r e t u r n i n g  a c c u r a t e  m e t e r s  t o  t h e  s y s t e m .  The 

BE NhTE TT G W I ,  LIAMS, INC. 
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o p t i m a l  w a t e r  m e t e r  t e s t i n g  program c a n  be d e s c r i b e d  b y  

c o s t - b a s e d  a l g e b r a i c  e q u a t i o n s  t h a t  c a n  be s o 1 v E - d  t o  y i c l d  

t h e  c o r r e s p o n d i n g  m e t e r  t e s t p i n g  f r e q u e n c y .  

D E T E R M I N I N G  AN OPTIMAL M E T E R  TESTING FREQUENCY 

T h e  d e c i s i o n  c r i t e r i o n  f o r  t h e  r e v e n u e / c o s t  based m e t e r  

t e s t i n g  f r e q u e n c y  i s :  

I 1  - l e s t / r e p a i r  m e t e r s  a s  f r e q u e n t l y  a s  p o s s i b i e  

e x c e p t  t h a t  t h e  r e v e n u e  r e c o v e r e d  by t h e  improved 

a c c u r a c y  o f  t h e  r e p a i r e d  m e t e r s  s h o u l d  c o v e r  t h e  

c o s t  o f  t h e  t e s t i n g  p r o g r i i m .  I I  

T h i s  i s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  a s  t h e  " b r e a k  even"  

approac-h.  For  t h e  o p t i m a l  m e t e r  t e s t i n g  f r e q u e n c y ,  t h e  c s s t  

o f  t h e  m e t e r  t e s t i n g  program i s  p a i d  f o r  b y  t h e  i n c r e a s e d  

r e v e n u e s  g e n e r a t e d  b y  t h e  r e p a i r e d  me te r s .  T h e r e  i s  n o  n @ t  

c o s t  t o  t h e  c o n c [ ~ m e r s  f o r  t h e  t e s t i n g  a n d  r e p a i r  p r o g r a m .  

T h e  d e c i s i o n  problem i s  i l l u s t r a t e d  f i r s t  w i t h  a s i m p l e ,  

h y p o t h e t i c a l  example.  

E ENATE TT & LYIL L TAMS,  Ihr C. 
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HYPOTHETICAL E X A M P L E  

C o n s i d e r  t h e  s c h e m a t i c  0.f a s i m p l i f i e d  m e t e r  t e s t i r t g  

program p r e s e n t e d  i n  F i g u r e  1 .  The h y p o t h e t i c a l  m e t e r  l o ses  

a c c u r a c y  a t  a c o n s t a n t  r a t e  ( F i g u r e  l a ) .  When t h e  m e t e r  i s  

t e s t e d  a n d  r e p a i r e d  a f t e r  f i v e  y e a r s  t h e  a c c h r a c y  r e t u r n s  t o  

l o o % ,  f o l l o w i n g  which t h e  a c c u r a c y  d e c l i n e s  w i t h  age t h e  

same a s  ;t d i d  o v e r  t h e  f i r s t  f i v e  y e a r s  ( F i g u r e  l b ) .  ( F o r  

a l i  i n t e n t s  a n d  p u r p a s e s  t h i s  i s  a "new" m e t e r  a t  age 5 . )  

I n  F i g u r e  i c  t h e  y a x i s  i s  now t h e  amount o f  w a t e r  

r e g i s t e r e d  i n s t e a d  of  t h e  a c c u r a c y  o f  t h e  m e t e r .  (The 

amount  o f  w a t e r  r e g i s t e r e d  e q u a l s  t h e  m e t e r  a c c u r a c y  

m u ? t i p l i e d  by t h e  t r u e  wAter clse r a t e . )  Mow, when t h e  m e t e r  

i s  r e p a i r e d  a t  age f i v e ,  t h e  d i f f e : - e n c e  between t h e  a m o u n t  

r e g i s t e r e d  by t h e  r e p a i r e d  m e t e r  ( L i n e  A B )  a n d  t h e  amount 

t h a t  would have been r e g i s t e r e d  i f  t h e  m e t e r  h a d  n o t  been 

r e p a i r e d  ( L i n e  C D )  i s  t h e  amount, of w a t e r  r e c o v e r e d  b y  t h e  

m e t e r  t e s t i n g  prcgram (Area  Q ) .  T h i s  a m o u n t  o f  w a t e r ,  Q 1  - is  

t h e  r e c o v e r e d  w a t e r  a s s o c i a t e d  w i t h  a o n c e - i n - a - f i v e - y e a r  

m e t e r  t e s t i n g  f r e q u e n c y .  The amount o f  w a t e r ,  Q v  i s  mDre 

e a s i l y  c a l c u l a t e d  i f  a n  averacje  a c c u r a c y  f o r  e a c h  y e a r  i s  

u s e d  i n s t e a d  o f  t h e  c o n t i n u o u s  d e c l i n e  ir! a c c u r a c y  of  F i ~ u r e  

l a .  I n  t h i s  c a s e  t h e  smooth l i n e s  o f  F i g u r e  1 become t h e  

s t e p  f u n c t i o n s  i n  F i g u r e  2 .  T h e  v a l u e  o f  Q i s  now 

c a l c u l a t e d  a s :  
k 



F i g u r e  1 
Meter  Accuracy  and W a t e r  Recovered.  

Meter Age 

Meter a c c u r a c y  decreases  with age .  

I -I 
5 10 

-____- 

M e t e r  Age (Years) 

Acczerucy of a. m t m -  that is repaired at age 5. 

--I --I_-- 7----- -_1--1 

5 IO Meter  Age ( Y e a r s )  
c) Area Q = G a i n  in water metered due t o  m e t e r  

t e s t i n g  and repaiy. 



F i g u r e  2 
Meter A c c u ~ a c  y and Fate7- Recovered 

U s i n g  A n n m E  Average Afe-ter Amur-my 

I I 
I I 

I --f---$----$---t----1----t-.--i 

1 2 3 4  5 6 7  e 9 10 
]deter Age (Yera~s)  

a) Mefer  a c c u r a c y  decreases with age. 

1 
I 

I 
I 

I I I I 
I 

1 t - i - 7 '  
9 fO . 5 6 7  8 f 2 3 4  

Meter  Age (Years) 

h )  Accuracy of a, m d e r  tha,t t s  ~ e p ~ i ~ e d  af aye 5. 

Area  Q = Gain in w a t e r  m e t e r e d  d w  t o  m e t e r  
testing and repa i r .  



Q = [ A c c u r a c y  ( 1 )  - A c c u r a c y  ( 6 ) ]  [ T r u e  Water Usage] 

+ [Accuracy  ( 2 )  - Accuracy  ( 7 ) ]  [ T r u e  Water Usage] 

t [ A c c u r a c y  ( 5 )  - Accuracy  ( l o ) ]  [ T r u e  Water Usage] 

T a b l e  2 u s e s  h y p o t h e t i c a l  a c c u r a c y  v e r s u s  age  v a l u e s  t o  

i l l u s t r a t e  t h e  c a l c u l a t i o n  o f  t h e  w a t e r  r e c o v e r e d  by a once-  

i n - f i v e - y e a r  m e t e r  t e s t i n g  f r e q u e n c y .  T h e  c a l c u l a t i o n  i s  

expressed g r a p h i c a l l y  i n  FSgure 3 u s i n g  i lverage  rrieter 

a c c u r a c y  o v e r  t h e  m e t e r  t e s t i n g  i n t e r v a l  i n s t e a d  o f  t h e  y e a r  

by y e a r  v a l u e s .  T h i s  s u b s t i t u t i o n  i s  a c c u r a t e  i f  m e t e r  

a c c u r a c y  d e c r e a s e s  l i n e a r l y  w i t h  a g e  a n d  p e r m i t s  c a l c u l a t i o n  

o f  r e c o v e r e d  w a t e r  even i f  m e t e r  t e s t i n g  d a t a  i s  n o t  

a v a i l a b l e  f o r  m e t e r s  o l d e r  t h a n  t h e  s e l e c t e d  m e t e r  t e s t i n g  

i n t e r v a l .  The a l g e b r a i c  e x p r e s s i ’ o n  f o r  r e c o v e r e d  w a t e r  

d e r i v e d  a t  t h e  bot tom of  F i g u r e  3 i s  a p p l i e d  t o  Warren 

County  W a t e r  D i s t r i c t  m e t e r  t e s t i n g  d a t a  i n  t h e  n e x t  

s e c t i o n .  

C a l c u l a t i o n  o f  t h e  Optimal  Meter T e s t i n g  Frequency f o r  t h e  

Edarren County Mater  D i s t r i c t  

T h i s  s e c t i o n  p r e s e n t s  t h e  c a l c u l a t i o n  o f  t h e  b r e a k  even 

p o i n t  f o r  d o m e s t i c  w a t e r  m e t e r  t e s t i n g  u s i n g  m e t e r  t e s t f n g  

d a t a  a n d  w a t e r  s y s t e m  c h a r a c t e r i s t i c s  f rom t h e  Glarren County 

Water  D i s t r i c t ,  S e v e r a l  r e f i n e m e n t s  t o  t h e  p r e c e d i n g  
\ 

BENNETT & IV’ILLIALWS, IATC. 



TABLE 2 

Hypothetical Example 
Water Recovered by z F i v e  Year Meter T e s t i n g  Interval 

I 

I 

Hypothetical Hypot bet i c a l  
Accuracy Accuracy  
Wi tholot W i t h  Improve- 
Testing and T e s t i n g  and ment i n  Recovered  
Repair Repair Accilsacy Water% 

2 , 9 9 8  * 9 9 8  

3 . 9 9 7  . 9 9 7  

4 . 9 9 6  

5 . 9 9 5  

6 . 9 9 4  

7 . 9 9 3  

8 . 9 9 2  

9 . 9 9 1  

. 9 9 6  

. 9 9 5  

(I 9 9 9  . GO5 500 

. 9 9 8  .005  500 

. 9 9 7  ,005  500  

. 9 9 6  ‘ 005  500 

500 -- 10 . 9 9 0  ‘ 9 9 5  e 005  

T o t a l  Water  Recovered  = 2500 g a l  

* Assume t h e  t r u e  use r a t e  i s  1 0 0 , 0 0 0  g a l l o n s  p e r  y e a r  

Note:  Average  Accuracy o f  R e p a i r e d  M e t e r s  = 0 . 9 9 7  

Average  Accuracy o f  Non-Repaired M e t e r s  D u r i n g  Y e a r s  6 

t h r o u g h  10  = 0 . 9 9 2  

BENNETT G K’ILLIAMS, [NC. 



Fi.gure 3 
C a l c u l a t i n g  Recouered Water 

L i n e  CD = Average a c c u r a c y  o f  a repa i red  m e t e r  
Line GH = Average accuracy  o f  a non-repa i red  

m e t e r ,  y e a r s  6-10 
Point E = Accuracy  o f  a m t e r  before repa7;r 
Area AFJE = Water recovered d u e  t o  i m p r o v e d  

a c c u r a c y  o f  repaired  m e t e r  

Area AFJE = Area CDHG 
Le. ,  c a n  ca lcu la te  recovemd w a t e r  b y  working 
with average  a c c u r a c y  of repa.ired a n d  non- 
repa i red  m e t e r s  over  time i n t e r v a l .  

"Height"  o f  Rec tangle  CDHG = Average accuracy 
o f  a repa i red  m e t e r  -- Average a c c u r a c y  o f  
a non- repa i red  m e t e r  
= Accuracy  ad C - Accuracy  at G 

Because this i s  a s y s t e m  o f  pa.ralleZ l i n e s :  
Accuracy  at C - Accuracy  at G = 

Accuracy  at A - Accuracy  ad 6 

T h u s ,  recovered w a t e r  c a n  be e s t i m a t e d  as 
(Accuracy  a f  A - Accuracy  at E )  x 

Water u s e  r a t e  x No. o f  uenrs  
" V  

= (1.0 - 0.995)(100,000 g p y ) ( 5 )  
= 2500 G d l o n s  
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h y p o t h e t i c a l  e x a m p l e  a r e  made: 

1 .  M e t e r  a c c u r a c i e s  a r e  t a k e n  f rom t h e  " b e s t  f i t "  

c u r v e  of  m e t e r  a c c u r a c y  versus  a g e .  T h i s  c u r v e  was 

c a l c u l a t e d  f r o m  Warren  County  W a t e r  D i s t r i c t  t e s t  

d a t a  on 5 7 7  m e t e r s  u s i n g  r e g r e s s i o n  a n a l y s i s .  

2 .  The v a l u e  o f  t h e  r e c o v e r e d  w a t e r  i s  e x p r e s s e d  i n  

p r e s e n t  v a l u e  ( P V j  terms by a s s u m i n g  t h a t  t h e  v a l u e  

o f  t h e  r e c o v e r e d  w a t e r  i s  a s e r i e s  o f  e q u a l  a n n u a l  

amoun t s  o v e r  t h e  meter t e s t i n g  i n t e r v a l .  A n  a n n u a l  

i n t e r e s t  r a t e  o f  7% a n d  a n n u a l  compound ing  a r e  

u s e d .  

3. The c o s t  o f  t h e  meter  t e s t i n g  p r o g r a m  S s  

i n c l u d e d  i n  t h e  a n a l y s i s .  T h i s  c o s t  i s  t h e  sum o f  

t h e  c o s t  o f  r e t r i e v i n g  and t e s t i n g  t h e  meters  

( $ 1 3 . 3 5  pe r  m e t e r )  p l u s  t h e  c o s t  o f  

r e p l a c i n g / r e p a i r i n g  meters  t h a t  do n o t  meet t h e  

AWWA m e t e r  a c c u r a c y  s p e c i f i c a t i o n s .  The AWWA 

s p e c i f i c a t i o n s  a r e  used r a t h e r  t h a n  t h e  P S C  

s p e c i f i c a t i o n s  b e c a u s e  t h e  w a r r a n t y  f o r  t h e  

Rockwel l  S R  meters i s  b a s e d  on t h e  AWWA 

s p e c i f i c a t i o n s .  M e t e r s  t h a t  meet t h e  AWWA 

s p e c i f i c a t i o n s  a l s o  m e e t  t h e  PSC s p e c i f i c a t i o n s .  

T h e  r e t r i e v a l  and  t e s t i n g  c o s t  i s  c a l c u l a t e d  

f rom t h e  a c t u a l  c o s t  o f  t h e  Warren  C o u n t y  Wate r  

BENNETT & WILLIAMS, IXC. 
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D i s t r i c t ' s  m e t e r  t e s t i n g  p rogram.  T h e  c o s t  o f  

r e p l a c i n g / r e p a i r i n g  i n a c c u r a t e  meters i s  a s sumed  

t o  be $4,00.  T h i s  i s  t h e  c o s t  t o  t h e  D i s t r i c t ,  o f  

r e p l a c i n g  a meter t h a t  i s  s t i l l  under  w a r r a n t y .  

The Rockwel l  SR m e t e r s  u s e d  by t h e  D i s t r i c t  h a v e  a 

w a r r a n t y  p e r i o d  o f  1 5  y e a r s .  F o r  meter  t e s t i n g  

p e r i o d s  g r e a t e r  t h a t  1 5  y e a r s  a d i f f e r e n t ,  h i g h e r ,  

c o s t  o f  r e p a i r / r e p l a c e r n e n t  would  have  t o  be u s e d .  

The M e t e r  D i s t r i c t  h a s  d e c i d e d  t h a t  m e t e r s  

t h a t  mee t  t h e  AWWA s p e c i f i c a t i o n s  w i l l  a l s o  be 

r e p l a c e d .  The c o s t  o f  a new m e t e r  i s  $24 .70 .  A n  

e c o n o m i c  e v a l u a t i o n  o f  t h e  d e c i s i o n  t o  r e p l a c e  

m e t e r s  t h a t  m e e t  s p e c i f i c a t i o n s  i s  p r e s e n t e d  i n  

t h e  Append ix .  

Other c o s t s  o f  a meter  t e s t i n g  a n d  r e p a i r  

p r o g r a m  s u c h  a s  a d m i n i s t r a t i o n ,  o v e r h e a d ,  

b e n e f i t s ,  p h y s i c a l  f a c i l i t i e s ,  and  e q u i p m e n t  a r e  

n o t  i n c l u d e d  i n  t h i s  a n a l y s i s .  

T h e  n e t  p r e s e n t  v a l u e s ' o f  a l t e r n a t i v e  m e t e r  t e s t i n g  

f r e q u e n c i e s  a r e  c a l c u l a t e d  i n  T a b l e  3 .  A p o s i t i v e  n e t  

p r e s e n t  v a l u e  i n d i c a t e s  a m e t e r  t e s t i n g  f r e q u e n c y  f o r  w h i c h  

t h e  r e v e n u e  f rom t h e  r e c o v e r e d  w a t e r  ( t a k i n g  t h e  t i n e  v a l u s  

o f  money i n t o  a c c o u n t )  e x c e e d s  t h e  c o s t  o f  c o n d u c t i n g  t h e  

meter t e s t i n g  and r e p l a c e m e n t  p r o g r a m .  
L 

BENNETT 6 TVJILLIAMS, INC. 
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CONCLUSION 

The s h o r t e s t  m e t e r  t e s t i n g  f r e q u e n c y  w i t h  a p c s i t i v e  

n e t  p r e s e n t  v a l u e  i s  o n c e - i n - t h i r t e e n - y e a r s ,  T h u s  t h e  

o p t i m a l  program i s  f o r  t h e  Warren County Water D i s t r i c t  t o  

t e s t  d o m e s t i c  w a t e r  m e t e r s  o n  a o n c e - i n - t w e l v e  y e a r s  c y c l e .  

DISCUSSION 

The f o l l o w i n g  f a c t o r s  would t e n d  t o  i n c r e a s e  o r  

d e c r e a s e  t h e  l e n g t h  o f  t h e  o p t i m a l  m e t e r  t e s t i n g  i n t e r v a l :  

Factors  t h a t  i n c r e a s e  t h e  tjme b e t w e e n  t e s t i n g  
--l__.I_-_____C---------------"-------~ 

- i f  a l l  c o s t s  of t h e  m e t e r  t e s t i n g  program 

( a d m i n i s t r a t i o n ,  o v e r h e a d ,  b e n e f i t s ,  p h y s i c a l  

f a c i l i t i e s ,  equipment ,  e t c . )  a r e  i n c l u d e d  

- i f  an i n t e r e s t  r a t e  g r e a t e r  t h a n  7% i s  u s e d  

- i f  f u t u r e  m e t e r  t e s t i n g  i n d i c a t e s  t h a t  f e w e r  m e t e r s  

f a i l  t o  meet t h e  A W W A  a c c u r a c y  r e q u i r e m e n t s  t h a n  i n  

t h e  sample  used f o r  t h i s  s t u d y  

- i f  f u t u r e  m e t e r  t e s t i n g  i n d i c a t e s  t h a t  m e t e r s  l o s e  

a c c u r a c y  a s  t h e y  g e t  o l d e r  a t  a s l o w e r  r a t e  t h a n  t h e  

m e t e r s  i n  t h e  sample  u s e d  f o r  t h i s  s t u d y  

BENNETT G WILLIAMS, TNC. 
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- Factors  t h a t  decrease t h e  t i n e  between -------- testing 

- i f  t h e  m a r g i n a l  w a t e r  r a t e  i n c r e a s e s  

- i f  a n  i n t e r e s t  r a t e  l e s s  t h a n  7% i s  used 

- i f  t r u e  m e t e r  a c c u r a c i e s  a t  a d v a n c e d  a g e s  a r e  used 

i n s t e a d  o f  t h e  l i n e a r  a l g e b r a i c  a p p r o x i m a t i o n  

- i f  f u t u r e  m e t e r  t e s t i n g  i n d i c a t e s  t h a t  more m e t e r s  

f a i l  t o  meet  t h e  AWWA a c c u r a c y  r e q u i r e m e n t s  t h a n  i n  

t h e  s a m p l e  used f o r  t h i s  s t u d y  

- i f  f u t u r e  m e t e r  t e s t i n g  i n d i c a t e s  t h a t  m e t e r s  l o s e  

a c c u r a c y  a s  t h e y  g e t  o l d e r  a t  a f a s t e r  r a t e  t h a n  t h e  

m e t e r s  i n  t h e  sample  used f o r  t h i s  s t u d y  

BENNETT KTLLIAMS, rNc. 



The  c a l c u l a t i o n s  i n  T a b l e  3 a s s u m e  t h a t  a l l  m e t e r s  w i l l  

be  r e p l a c e d  a f t e r  1 3  y e a r s ,  T h o s e  meters  t h a t  do n o t  mee t  

t h e  AWlJk meter  a c c u r a c y  s p e c i f i c a t i o n s  c o s t  $ 4 . 0 0  t c l  r e p l a c e  

b e c a u s e  t h e y  a r e  c o v e r e d  by  t h e  m a n u f a c t u r e r ' s  w a r r a n t y .  

M e t e r s  t h a t  m e e t  t h e  AWNA m e t e r  a c c u r a c y  s p e c i f i c a t i o n s  a l s o  

w o u l d  be  r e p l a c e d  a t  a c o s t  o f  $ 2 4 . 7 0  e a c h ,  t h e  c o s t  o f  ti 

new R o c k w e l l  SR m e t e r .  The f o i l o w i n g  d i s c u s s i o n  c o m p a r e s  

t h e  c o s t  o f  p u r c h a s i n g  new m e t e r s  t o  r e p l a c e  t h e  1 3 - y e a r  o l d  

me te r s  t h a t  p e r f o r m  w i t h i n  t h e  AWWA s p e c i f i c a t i o n s  w i t h  the  

c o s t  o f  l e a v i n g  t h e s e  1 3 - y e a r  o l d  meters i n  s e r v i c e  f o r  

a n o t h e r  1 3  y e a r s .  The c o s t  o f  n o t  r e p l a c i n g  t h e  m e t e r s  h a s  

two c o m p o n e n t s :  7 )  t h e  c o s t  o f  r e p l a c i n g  t h e  m e t e r s  a t  a 

l a t e r  t i m e  a n d  2 )  t h e  ' ' c o s t "  o f  t h e  a d d i t i o n a l  wi i te r  n o t  

r e g i s t e r e d  b y  t h e s e  m e t e r s  r e l a t i v e  t o  t h e  w a t e r  

u n r e g i s t e r e d  by new m e t e r s .  T h e s e  c o s t s  a r e  c a l c u l a t e d  

s e p a r a t e l y  i n  t h e  f o l l o w i n g  s e c t i o n s .  

7 .  T h e  C o s t  o f  t h e  A d d i t i o n a l  U n r e g i s t e r e d  M a t e r  R e l a t i v e  

t o  a New Meter 's  P e r f o r m a n c e  

T h e  w e i g h t e d  a v e r a g e  meter  a c c u r a c y  g r a p h  i n ' F i g u r e  A-1  

i s  t h e  g r a p h  o f  t h e  w e i g h t e d  a v e r a g e  me te r  a c c u r a c y  f o r  a l l  

**meters  o f  a g i v e n  a g e .  ( F i g u r e  A - 1  i s  a r e p r o d u c t i o n  o f  

F i g u r e  1 f r o m  t h e  J a n u a r y  20 ,  1 9 8 8  r e p o r t  " D e t e r m i n a t i o n  o f  



. . 
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t 



a C o s t - E f f e c t i v e  Meter T e s t i n g  a n d  Main tenance  Program”.) 

To c a l c u l a t e  t h e  c o s t  o f  e x c e s s  u n r e g i s t e r e d  w a t e r  r e l a t i v e  

t o  a new m e t e r  t h e  weighted  a v e r a g e  m e t e r  a c c u r a c y  of  m e t e r s  

t h a t  meet  AWWA m e t e r  a c c u r a c y  s p e c i f i c a t i o n s  must be 

c a l c u l a t e d  s e p a r a t e l y .  F o r  1 3  y e a r  o l d  m e t e r s  ( 7 9 7 4  Age 

Group,  Appendix A of t h e  above  r e p o r t ) ,  t h e  weighted a v e r a g e  

m e t e r  a c c u r a c y  o f  m e t e r s  t h a t  meet  t h e  ANNA s p e c i f i c a t i o n s  

i s  0 . 9 9 5 6 .  T h i s  weighted  a v e r a g e  m e t e r  a c c u r a c y  i s  

a p p r o x i m a t e l y  e q u a l  t o  t h e  w e i g h t e d  a v e r a g e  m e t e r  a c c u r a c y  

o f  a l l  5 - y e a r  o l d  m e t e r s .  T h a t  i s ,  f o r  t h e  purpose  o f  

e s t i m a t i n g  t h e  f u t u r e  a c c u r a c y  o f  t h e  m e t e r s  t h a t  meet t h e  

s p e c i f i c a t i o n s  a t  age 13 ,  i t  i s  assumed t h a t  t h e y  w i l l  l o s e  

a c c u r a c y  w i t h  age a t  t h e  same r a t e  a s  a l l  m e t e r s  o f  age 5 

l o s e  c lccuracy  w i t h  a g e .  S p e c i f i c a l l y ,  t h e  f u t u r e  a c c u r a c i e s  

sf t h e  m e t e r s  t h a t  a r e  n o t  r e p l a c e d  a t  a g e  1 3  w i l t  be a s  

follows: 

, 

Age Weighted --. A v e r a g e  Meter  Accuracy 

13 0 .9952 ( s a m e  a s  an a l ~ e  5 m e t e r )  

1 4  0.9935 (same a s  an age 6 m e t e r )  

75 0 .9915 ( s a m e  a s  an  age 7 m e t e r )  

26 0 . 9 4 2  ( s a m e  as an age 18 m e t e r )  

t F i g u r e  A - 2  was c r e a t e d  by s u p e r i m p o s i n g  t h e  weighted  a v e r a g e  

m e t e r  a c c u r a c y  c u r v e  o f  F i g u r e  A-1 w i t h  t h e  same c u r v e  





s h i f t e d  5 y e a r s .  I n  F i g u r e  A-2 t h e  u p p e r  c u r v e  i s  t h e  

w e i g h t e d  a v e r a g e  m e t e r  a c c u r a c y  vs. age c u r v e  f o r  t h e  

r e p l a c e m e n t  m e t e r s .  The l o w e r  c u r v e  i s  t h e  w e i g h t e d  a v e r a g e  

m e t e r  a c c u r a c y  v s .  age  c u r v e  f o r  t h e  m e t e r s  n o t  r e p l a c e d  a t  

a g e  13.  Note t h a t  t h e  w a t e r  above  t h e  u p p e r  c u r v e  w i l l  b e  

l o s t "  even by a new m e t e r .  T h i s  l o s t  w a t e r  i s  n o t  ir 

c o n s i d e r e d  h e r e ,  T h i s  a n a l y s i s  c o n s i d e r s  o n l y  t h e  

a d d i t i o n a l  w a t e r  l o s t  by  t h e  n o n - r e p l a c e d  m e t e r .  

The d i f f e r e n c e  between t h e  t w o  c u r v e s  o f  F i g u r e  k - 2  

r e p r e s e n t s  t h e  amount o f  w a t e r  t h a t  t h e  n o n - r e p l a c e d  meter  

w i l l  l o s e  i n  a d d i t i o n  t o  t h e  a m o u n t  t h a t  a new m e t e r  w o u l d  

l o s e  o v e r  13 y e a r s .  T h i s  a d d i t i o n a l  w a t e r  l o s s  i s  e s t i m a t e d  

b y  c a l c u l a t j n g  t h e  d i f f e r e n c e  between t h e  m a t e r  a c c u r a c i e : :  

N e i a h t e d  Average- Meter  Accuracy  
L---- -- 

d i f f e r e n c e  - ~ -  n o n - r e p l a c e d  ------- m e t e r  ----- n e w  m e t e r  -_-____ 

Age 1 =.9997 Age 5 = . 9 9 5 6  D 0041  

Age 13=.9721 Age 18=.942 ,0301 

U s i n g  t h e  a v e r a g e  d i f f e r e n c e  i n  a c c u r a c i e s  o v e r  t h e  13  y e a r  

p e r i o d  ( ( . 0 0 4 1 + . 0 3 0 1 ) / 2 )  = ,0171,. t h e  v a l u e  o f  t h e  e x c e s s  

w a t e r  l o s t  by t h e  n o n - r e p l a c e d  m e t e r  can be c a l c u l a t e d  a s :  

( . 0 1 7 1 ) x ( 7 1 , 4 0 0 ) x ( $ 1 . 4 3 / 7 0 0 0 )  = $ 7 . 7 5  p e r  meter per- y e a r .  

' T r e a t i n g  t h i s  l o s t  w a t e r  a s  an a n n u a l  s e r i e s ,  t h e  p r e s e n t  

v a l u e  i n  y e a r  13  of  t h e  l o s t  w a t e r  i s  $ 1 4 . 6 2  p e r  m e t e r .  

BENNETT 



2. The Cos t  o f  R e p l a c i n g  Non-replaced M e t e r s  i n  t h i f  F u t u r e  

T h i s  a n a l y s i s  c o n s i d e r s  o n l y  t h e  c o s t  o f  t h e  m e t e r s  

t h a t  w i l l  need t o  be r e p l a c e d  i n  y e a r  2 6 .  F rom t h e  m e t e r  

t e s t i n g  d a t a  f a r  t h e  lrlarren Couqty Water D i s t r i c t ,  i t  c a n  be 

c a l c u l a t e d  t h a t  85 .59% o f  t h e  1 3  y e a r  o l d  m e t e r s  and 982  o f  

t h e  2 6  y e a r  o l d  m e t e r s  f a i l  t o  meet t h e  AWWA rrfeter a c c u r a c y  

s p e c i f j c a t i o n s .  ( S e e  F i g u r e  A-3, whfch i s  t a k e n  from F i g u r e  

2 o f  t h e  a b o v e - r e f e r e n c e d  r e p o r t , )  T h a t  i s ,  1 3 . 4 1 %  o f  t h e  

m e t e r s  w i l l  n o t  be r e p l a c e d  a t  a g e  13. A t  age 2 6 ,  8 5 %  o f  

t h e  n o n r e p l a c e d  m e t e r s  w i l l  need t o  be r e p l a c e d .  The u n i t  

r e p l a c e m e n t  c o s t  i s :  

( c o s t  o f  new m e t e r )  x ( p e . r c e r ; t a g e  r e p l a c e d  a t  a g o  2 6 )  = 

( $ 2 4 . 7 0 )  X ( 9  85)  - - $21.07 

T h i s  c o s t  i s  i n c u r r e d  i n  y e a r  2 6 .  The p r e s e n t  v a l u e  o f  t h i s  

u n i t  c o s t  i n  y e a r  1 3  i s  $ 8 . 7 2 .  

BE~VNE TT G I Y ' I L L I ~ S ,  mc. 





3 .  Cost Comparison 

A .  Cost of not replacing meters that meet the AWWA meter 

accuracy specifications at aSe 13 :  

Cost o f  additional unregfstered water = $14.62 

8. Cost a f  Replacin9 Meters that Meet the AMWA meter  

accuracy specifications at age 13: 

= $ 2 4 . 7 0  

C. Conclusion 

There i s  a 6% difference in the c o s t s  (present v a l u e  i n  

year 1 3 )  between t h e  two options. Considering the 

variability of the data and the approximations used i n  the 

analysis, the two options are essentially equivalent i n  

economic terms. Other nonquantitative factors may make one 
\ .. option preferable to the other. 

BE X N E  TT C WILLIAMS, IhTC. 





BREAKDOWN OF TOTAL METER POPULATION 
518 X 3/4 INCH SIZE METERS 
AS OF NOVEMBER 7,2011 * 

Meter Meter 
Manufacturer Model !%E 

Precision PMM Series 

Total 

31 
20 
18 
17 
16 
15 
14 
13 

. PMM Series 

Meter Meter 
~- Manufacturer Model !%E 

Sensus SR 49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 

Total - SR Meters 

Meter Population Total 
.- Warren Butler Simpson Population 

0 7 0 7 
0 5 0 5 
0 5 0 5 
0 41 0 41 
0 107 0 107 
0 2 0 2 
0 4 0 4 
1 0 0 1 
1 171 0 172 

Meter Population Total 
~- Warren Butler Simpson Population 

I 
0 
6 
3 
3 
0 
11 
4 
2 
29 
8 
2 
5 
4 
12 
28 
14 
43 
15 
22 
6 
57 

40 1 

0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
7 
30 
6 
5 
4 
21 
1 

15 
20 

0 
0 
0 
0 
0 
0 
3 
1 
0 
0 
1 
0 
0 
0 
9 
5 
7 
5 
3 
10 
12 
9 

61 

1 
0 
8 
3 
3 
0 
16 
5 
2 
29 
9 
3 
5 
4 
28 
63 
27 
53 
22 
53 
19 
81 

482 
229 21 78 328 
905 135 204 1,244 



Meter Meter Meter Population Total 
Manufacturer Model !%E Warren Butler Simpson Population 

Sensus SRll 

Total 

25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

SRll Meters 

523 
483 
669 

1,289 
1,148 
1,119 
1,054 
1,499 
723 
772 

1,080 
760 

1,191 
726 
698 
327 
66 1 
573 

2,315 
2,020 
775 
655 
530 

1,135 
166 

22,891 

107 
110 
122 
470 
61 

239 
224 
21 2 
41 1 
170 
147 
143 
138 
150 
155 
39 
44 
115 
522 
335 
81 
29 
115 
252 
9 

4,400 

15 
41 
68 
137 
122 
172 
246 
128 
117 
21 5 
391 
152 
150 
4 
41 
2 
1 

43 
387 
266 
33 
7 
54 
108 
2 

2,902 

645 
634 
859 

1,896 
1,331 
1,530 
1,524 
1,839 
1,251 
1,157 
1,618 
1,055 
1,479 
880 
894 
368 
706 
731 

3,224 
2,621 
889 
691 
699 

1,495 
177 

30,193 

Grand Total -Al l  Meters 23,797 4,706 3,106 31,609 

* The meter database does not have the capability of generating reports as of a prior date. 
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D I S T R I B U T I O N  S Y S T E M S  

1 

Statistical sampling was used to chart 
the degradation of water meter accuracy 
over time and to determine a n  optimal 
replacement age. 

nue generated fiom the water 
sidential customers 
the predominant 
County Water Dis- 

his meter class rep- 
resents about half of all consumption revenue, 

roughly $1 5 million, and 
makes up about 88 per- 
cent of all ACWD meters. 
Economical operation of 
these meters is thus an  
integral part of ACWD’s 
effort to  provide high- 
quality water  at a rea-  
sonable cost. 

Like other mechanical 
devices, water meters typ- 
ically degrade in accuracy 
over time. This degrada- 
tion results in a corre- 

For execuflve summary, 
888 p3ge 173. 
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sponding loss of potential revenue. However, to gain 
accuracy would mean replacing the meters at addi- 
tional cost. How old does a meter have to be before 
it makes economical sense to replace it? To answer this 
question, the accuracy degIadation of the meters in 
question must be profiled. Statistical sampling meth- 
ods were used to determine the accuracy of ACWD’s 
0 6-in. (15-mm) meters over time. An economic 
analysis was then performed to detennine an optimal 
replacement age. 

All-brass and plastic meters are included 
in sampling 

Sample meters are categorized by age. 
ACWD’s 0.6-in. (15-mm) meters were categorized 
by age (Table I ) .  Most-approximately 98 percent- 
of these meters serve single-family residential cus- 
tomers. Before 1983, ACWD only installed all-brass 
(i.e., both the casing and drive mechanism were made 
of brass) meters. Since 1983, only meters with plas- 
tic drive mechanisms have been installed. 

The sampling groups were divided between all- 
brass and plastic meters in approximate five-year inter- 
vals for each of the primary meter makers. For all- 

brass meters, most of which were produced by a sin- 
gle maker, samples were taken from groups that were 
15, 20, 25, and 30 years old. Because the 20-year-old 
meters appeared to be from a bad lot year, their results 
were omitted from the study. Three primary makers 
produced the plastic meters Samples were taken from 
groups that were 5, 10, and 14 years old. 

Number of samples mwst be determined. After 
the sampling categories were chosen, the number of 
samples to be taken had to be determined. Gener- 
ally in statistical sampling, the greater the number 
of samples, the more representative the results will be 
of the total population. The more homogeneous, or 
well-mixed, the entire population, the fewer sam- 
ples that need to be taken to obtain a good repre- 
sentation. ACTVD’s 0.6-in. (1 5 - m )  meter popula- 
tion was considered to be fairly homogeneous and 
random in character within each of the meter groups. 

A balance had to be found between the number 
of samples that would yield meaningful data versus 
the number that could be realistically tested with the 
resources available. When both statistical and oper- 
ational considerations were taken into account, the 
total number of samples was about 30 for each group, 
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or about 350 in all. This provided a cushion of a cou- 
ple of extra meters in each group to allow for unus- 
able customer records, odd field conditions, and other 
problems. Such meters could be eliminated from the 
mix without compromising the integrity of the study. 

Meters were randomly selected. Samples were 
randomly chosen for each group hom a database con- 
taining all 0.6-in. ( 1 5 - m )  meter customers. To main- 

tain the study’s statistical reli- 
ability, it was important to  
ensure the randomness of the 
final chosen samples. Both 
qualitative and quantitative 
cherlts were performed on the 
sample data. In the qualitative 
check, the sample meters were 
plotted on a map of ACWD 
generated by a geoglaphic 
information system. The sam- 
ples appeared to  be well- 
mixed and scattered, confirm- 
ing the relative randomness of 
the sampling (Figure 1) .  The 
quantitative check used sta- 
tistical measures such as con- 
fidence Zimits, which will be 
discussed later in t h s  article. 

Final list is sorted by 
location. The meters on the 
final list to be sampled weie 
sorted by location to mini- 
mize travel time between 
them. Because field crews 
would replace each metex 
taken away for testing, each 
page of the final list provided 
necessary blanks and labels 
to replace the usual form that 
is filled out  during normal 
meter replacement. Addi- 
tional blanks and labels were 
provided on which the meter 
shop could record the results 
of the accuracy tests. 

Meters have different 
accuracies 
at different ~IOWS 

Tests were performed at 
A W A  standard rates. Be- 
cause meters typically have 
different accuracies at differ- 
ent flows, it is an industry and 
an ACWD standard to  test 
meters at three flow rates. 
Each sampled meter was 
tested at AWWA standard 
rates of 0.25, 2.00, and 15.00 
gpm (0.94, 7.57, and 56.78 
Llmin) .  However, these test 
results alone were not enough 

to calculate the overall expected accuracy of the meter. 
That determination required an estimate of the per- 
centage of total consumption of the average single- 
family residential household at the three flow rates. It 
would have been extremely difficult to determine 
these percentages empirically horn  the field, and exist- 
ing literature was scarce. However, some usable 
AWWA study resultslJ were located (Table 2 ) ,  and 
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the final percentages (5, 15, and 80 percent) used for 
this study were derived from an average of the three 
studies reviewed. These figures are probably within a 
reasonable margin of error a n d  seem probable because 
most ACWD residential home water use is assumed to 
occur at high flow rates (e.g., that produced by show- 
ers, toilets, sprinklers, and kitchen faucets). 

Fcsrmwla used to callacullate weighted awerage 
accuracies. The percentages were used to calculate 
the weighted average accuracies for each group using 
the following formula: 

Weighted average meter accuracy = 
(PTCL x GAAL) + (PTCM x G A M )  -t (PTCH X GAA,) (1) 

in which PTC, is the percentage of total consump- 
tion at low flow, PTC, is the percentage of total con- 

sumption at medium flow, PTCH is the 
percentage of total consumption at 
high flow, G A A ,  is the group average 
test result accuracy at low flow, GAA,, 
is the group average test result accu- 
racy at medium flow, and G A A ,  is the 
group average test result accuxacy at 
high flow. 

Table 1 shows the weighted average 
accuracy €or each group. The weighted 
average accuracy was calculated for 
each separate meter year tested (five- 

year increments), for consoBdated groups such as all- 
brass versus plastic, and for the overall grand total 
sampling. The overall ACWD average accuracy is 97.0 
percent, based on the sampling data. 

Given the statistical integrity of the study, a stan- 
dard “normal curve distribution” (Le., a bell-shaped 
curve that can be found in statistics textbooks) can 
be assumed for the accuracy test results for each 
grouping, and “confidence limits” can be calculated 
around the average test results. Confidence limits 
are a statistical concept: given a large number of 
samples for a given group, the test values will be 
within stated high and low confidence limits x per- 
cent of the time. A standard x percent for confidence 
limits is 95 percent. 

rate. To provide a quantitative check on the statisti- 
Confidence Iimits were calceeiated by flow 

JULY 1999 M . D . Y E E  75 



cal validity of the study, high and low confidence 
limits were calculated for each meter group by flow 
rate. The difference between these high and low 
numerical limits-and correspondingly the size of 
the standard deviation-helps indicate how closely the 
tested accuracy of the sampled meters probably rep- 
resents all the other similar meters in ACWD. For 
the most part, the limit differences for the various 
sampled meter groups turned out to be extremely 
small-in the range of 1-2 percent. This meant that 
the accuracies obtained from the samples were prob- 
ably quite representative of their respective groups as 
a whole. However, the high and low confidence lim- 
its for the low-flow figures had the largest differ- 
ences. These differences bring up some concern about 
accuracy, but the concern is mitigated by the fact that 
low flow accounts for only about 5 percent of total 
household consumption. 

IEc~nomic amallysis is based 
ow plastic meters 

The en,@neering economic analysis method used 
is based on  work performed by Hans D. Allender.3 
Because all-brass meters are no longer manufactured, 
ACWD decided to use plastic meters as replacements 
for the foreseeable future. The economic analysis for 

the plastic meters assumes 
that this practice will con- 
tinue. An optimal replace- 
ment age can be determined 
at the point at which the low- 
est average cost per  year 
(cumulative lost revenue plus 
replacement cost divided by 
meter age) is achieved. The 
optimal replacement age for 
the all-brass meters will be 
addressed separately because 
these meters a re  already 
15-30 years old and will be 
replaced with plastic meters. 

Plast ic  meters  will be 
replaced on 15-year cycle. 
The minimum average a n -  
nual cost, based on the Allen- 
der method, can be found in 
Table 3, which also shows 
meter replacement cost and 
lost revenue because of in- 
creasing meter inaccuracy. 
The accuracy degradation 
profile is taken from the 
actual sampling test results. 
Gaps between data points are 
filled with interpolated val- 
ues that assume linearity. This 
is a common simplifying as- 
sumption made in other stud- 
ies on this subject.l,3 From 
this profile, unrecorded water 
consumption is calculated 

based on ACWD’s 1996 actual average bimonthly 
consumption for a single-family residence, i.e., 2,800 
cu ft (79 m3). The resulting annual revenue lost is 
determined based on the ACWn’s current water rate. 
Although the amount of lost revenue will change 
each year because of inflation, it is assumed that the 
discount rate used to bring all these costs back to 
present value is about equal to the inflation rate. 
Thus, to simplify the analysis, all dollar amounts are 
stated in present value. 

An estimated meter replacement cost for materi- 
als and labor can then be used to determine an opti- 
mal meter age with the least average yearly cost. To 
calculate this, the cost of meter replacement and 
cumulative revenue lost (shown as the ”Accumu- 
lated Cost” column in Table 3 )  are added, and the 
sum is divided by the number of years that the meter 
has been in the system. This yields the “Average Cost 
per Year“ column in Table 3 .  Technically, the opti- 
mal replacement age appears to be 12 years old; how- 
ever, the 15-year cycle is preferred, as discussed later 
in this article. When the small difference between 
the 12- and 15-year average cost figures and the tol- 
erances of the study was taken into account, this 
preference for the 15-year cycle was considered 
acceptable. 
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Acuwacy degmhtiom profile was created for ask 
brass meters. An accuracy degradation profile was 
produced for all-brass meters (Table 4). These meters 
will eventually be replaced with plastic ones. Thus, 
the optimal age at whch  to replace them is when their 
accuracy degrades to the same value as the accuracy 
provided by plastic meters at their optimal age. 

Replacing them any earlier would not be cost- 
effective because they would still be more accurate 
than the plastic meters. Replacing them any later 
would mean additional unnecessary revenue losses 
that would result in a larger average cost than the 
optimal average cost per year. A 15-year cycle for 
plastic meters would mean a corresponding target 
accuracy of 95.1 2 percent (Table 3) .  This target accu- 
racy corresponds to a n  optimal replacement age 
between 33 and 34 years for brass meters (Table 4) .  
However, sampling data could only be obtained 
through 30 years, which is the age of ACWD's oldest 
brass meters. 

The next five years of accuracy figures (Table 4)  
weie extrapolated using linear regression based on 
the past five years of data. Depending on the actual 
accuracy degiadation that occurs in the future, the 
initially indicated optimal bracket of 33-34 years 
may change. Thus, one recommendation would be 
to wait a few inore years before a brass meter ieplace- 
ment program is implemented. In the meantime, 
another sampling could be conducted. Given the toI- 
erances and results of the study, a replacement age 
of about 30 years would probably be within an  
acceptable margin of error. 

0% adwamtages. A 15-year-cycle replacement pro- 
gram has many advantages compared with a shorter 
cycle. This is because the existing distiibution of plas- 
tic and brass meters lends itself to a 15-year cycle 
rather than a shorter one. Because 32,000 plastic 
meters are in service, a 15-year cycle would mean 
an average of 2,100 meters being replaced every year. 
However, the actual number to be replaced would 
vary from year to year (Table 1 ). 

The same situation applies to the biass meters. 
Once a replacement program begins for the 30,000 
brass meters in operation, an average of 2,000 meteis 
a year would need to be replaced. The brass meters are 
already 15-30 years old and thus have 15-not 30- 
installation years. Together, about 4,100 brass and 
plastic meters would need to be replaced annually. 
This cycle would go on for 15 years, until all of the 
brass meters were replaced with plastic ones Dur- 
ing that time, the original plastic meters that replaced 
the brass meters would have to be replaced again in 
accordance with the 15-year replacement cycle for 
plastic meters. The program would eventually reach 
a point at which all meters will be plastic at tlie opti- 
mal age of 15 years or younger, with the continued 
replacement of 4,100 meters per year. 

A replacement period shorter than 15 years would 
have introduced overlapping phase-in complications 
because all existing plastic meters older than a cho- 

FiReeos-year rep8acemenot cyc8e bas a onumber 
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sen optimal point will have to be initially replaced 
over some period of time. Also, a cycle shorter than 
1 5  years would have necessitated replacement of the 
plastic meters that replaced the existing brass ones 
before all the brass meters had been switched out. 
These phase-in complications could have meant large 
fluctuations in the number of meters needing to be 
replaced in the first 1 5  years. 

~~~~~~~ anad cone8Msions 
Determining an  optimal replacement age for a 

specific agency's meters can be a complex task. It 
takes a concerted effort to research meter demo- 
graphics, determine relevant factors in accuracy degra- 
dation, develop meter sample lists, coordinate field 
sampling and testing, validate statistical data integrity, 
interpret results, and formulate practical recommen- 
dations. The ACWD study resulted in a program to 
replace plastic meters when they become 15 years 
old. Although the data for brass meters were not as 
conclusive, a replacement age of about 30 years 
seemed to be reasonable. 

A study to determine a meter replacement pro- 
gram can be useful for most agencies. Meter accu- 
racy samphg should be done regularly, e.g., eveiy five 
years, and meter replacement policy can then be 
reviewed based on the study results. Because of the 
random margin of error in measurement, ever-chang- 
ing meter manufacturers and models, and different 
sampling choices, regular review is recommended. 

A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U  
The author thanks Ron Pino, Karl Stinson, Paul 

Piraino, and Ed Limon as well as staff members at 
the ACWD for their guidance and assistance in com- 
pleting this study 
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Accuracy Key to Testing Met 
he question of when to replace residential water meters is an on 
concern for the Washington Suburban Sanitary Commission, a large water 

and wastewater utility that serves nearly 400,000 residential customers in 
Maryland's Prince George and Montgomery counties near Washington, D.C. 
The first parameters tested when considering replacement have been meter 
accuracy and performance in registering residential consumption concerning 

But now, following a 
meter replacement study 
completed in 1998, we have 
discovered that it's important 
not only to test the 
accuracy of the meters but 
to measure the accuracy of 
the testing methods and 
devices as well. 

Testing Parameters 
The 1998 Optimum Meter 

Age Study began with some 
knawn factors, including the 
fact that the accuracy of 
positive displacement meters Shop meter mechanic Margaret 
deteriorates over time Callion (front) and unit residential meter accuracy 
because of accumulated coordinator Trene Gilliam test 
registration. Disk nutations meters in the WSSC shop. 

or piston oscillations in the 
measuring chamber of the 
meter create wear and tear 
that has a negative effect on 
accuracy and indicated 
consumption. Because WSSC 
water and sewage charges are 
based on the amount of 
water registered, any loss of 
accuracy in measuring water 
passing through the meter is 
compounded by a reduction 
of sewage revenue as well. 

As a matter of policy, 
WSSC management believes 
that an evaluation of 

continued on page 4 

Question of the Month Gimmicks and Gadgets 
Contest Winners ............. see page 6 

............ see page 11 This year's winner is an 
innovative gimmick that saves 
money, reduces noise, eliminates 
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Accuracy 
Key to 
Testing 
Meters 

(from page 1) 

should be an ongoing process, performed 
at intervals of no more than five years. 
During the evaluation process, it is 
important to ensure that any comparisons 
made are equitable. For example, older 
positive displacement meters have a rated 
capacity of 15 gpm, but newer meters of 
the same size have a rated capacity of 25 
gpm, with a larger chamber that translates 
into fewer nutations or oscillations, and, 
therefore, less wear on components. 
Comparisons can only be drawn between 
meters of equal rated capacity. 

The 1998 meter age study yielded 
mixed results. The weighted accuracy of a 
meter was determined to simulate its 
performance when in service. The 
methodology used to determine weighted 
accuracy was to assign each portion of the 
meter flow test a percentage that 
represents the amount of time the meter 

will operate at that particular flow 
rate when in service at a 
customer’s account. In this case, 
the percentages used were 20 
percent for low flow, 76 percent 
for intermediate flow, and 4 
percent for high flow. The results 
for each flow-rate test are then 
added together for an overall 
weighted average. 

For example, assume a 5/8-in. 
meter has a standard three-flow 
test. The low-flow test result is 

. -  

for testing the meters. 
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result is 74 percent, and high-flow 
is 95 percent. After weighting the 

low flow at 20 percent (0 x 0.2 = 0), 
intermediate flow at 76 percent (74 x 0.76 
= 56.2), and high flow at 4 percent (9.5 x 
0.04 = 3.8), they aIe added together to 
determine the weighted overall accuracy 
of 60 percent (0 + 56.2 + 3.8 = 60). 

The traditional method of computing 
overall accuracy divides the total quantity 
registered on the meter by the total 
quantity of water used to test the meter. 
Using that method (0 gal -t 7.4 gal + 95 gal 
= 102.4 total registered gal), the meter 
would have an overall accuracy of 85.3 
percent (102.4 registered gal divided by 120 
gal used to test the meter). The result is a 
significantly different overall accuracy. 

According to an analysis of test results 
from meters removed from the distribution 
system, 5/8-in. meters older than 14 years 
had an average weighted accuracy of 56 
percent. Therefore, we inferred that replacing 
meters older than 14 years should result in a 
44 percent increase in the registered 
consumption and a corresponding increase 
in water and sewage revenues on accounts 
where the meters were replaced. Accordingly, 

we pursued an aggressive replacement 
program of those meters. 

Expectations Don’t Match Reality 
Surprisingly, the anticipated level of 

increase in consumption and revenues did 
not materialize. The actual level of 
increase was approximately 5 percent, not 
the expected 44 percent. So the new, all- 
important question became, “Why not?” 

increase, we pursued three separate but 
related activities: 
8 placing tandem setters to  analyze the 

shop test method, 
*:+ recalculating the weighted percentages 

given to each test flow, and 
*:* evaluating the effect of the meter- 

change notice left at residences. 

Analyzing the Test Method 

test meters after removal from the 
distribution system, we placed a tandem 
setter on 10 different properties. The 
tandem setter allows two meters-a new 
meter and the existing old meter-to be 
placed in series at one service. Before setting 
up the tandem configuration, we bench- 
tested the new meter at the shop to ensure 
accuracy. The new meter was then placed in 
series with the old meter at the property. All 
water going to the property passed though 
both meters, which were both read at two- 
week intervals for six weeks. 

Afterward, the old meters and tandem 
setters were removed, rendering the new 
meter as the property meter. The old 
meters were immediately sent to the 
meter shop for bench-testing. 

overall accuracy was compared with the 
accuracy of its indicated performance in 
the field in relationship to the new meter, 
which had been previously tested and 
used as a standard. In eight of the 10 
meters tested, there was a strong (less than 
5 percent difference) correlation between 
their field and bench-test accuracy. One 
meter had a fair correlation (less than 20 
percent difference), and another had a 
poor correlation. A review of the results 
and strength of the correlation validated 
the method used to test meters in the 
shop. All the old meters, except one, 
registered less water than the new meters. 
The amount of under-registration varied 
from 1 percent to 47 percent. 

Analyzing the Test Results 

was valid, further investigation was 

To determine the reason for the lack of 

To analyze the method used to bench- 

Each old meter was flow-tested, and its 

Because the method used to test meters 
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necessary to determine why the rise in 
accuracy and consumption did not 
materialize when the old meters were 
replaced. An analysis of the test results 
from the original group of sample 
meters was the next step. 

According to the 1993 A W A  
Research Foundation study, Residential 
Water [Jse Patterns, residential water 
“usage at lower flow rates (less than 
1 .0 gpm) composed about 13 percent 
of the total daily use ... 80 percent of 
residential use occurred between 1 .O 
and 8.0 gpm ... and usage at higher 
flow rates (above 8.0 gpm) composed 
about 7 percent of the total daily use.” 
These percentages are close to the 
percentages of 20 percent, 76 percent, 
and 4 percent that we used to weight 
our test results during the 1998 meter 
age study. 

Because our initial results were 
questionable, we ran the WSSC test 
results again, using pexcentages to 
weight meter flow results that were 
outlined in “Economic Analysis for 
Replacing Residential Meters,” by 
Michael Yee, in the July 1999 Journal 
AWWA: 

*3 5 percent for low-flow testing, 
6 15 percent for intermediate-flow 

*:* 80 percent for high-flow testing. 
When these percentages were used 

as an alternative for earlier WSSC test 
results, the impact was significant. 
Many of the meters performed much 
better than the level indicated during 
the earlier study in which the flows 
had been weighted at 76, 20, and 
4 percent respectively. 

any flow in excess of 2 gpm is 
considered a high flow, which 
effectively eliminates the intermediate 
flow test. This is because very few 
appliances-humidifiers and icemakers 
come to mind-operate at less than 
2 gpm. The vast majority of other 
usage takes place at flows greater than 
2 gpm. Under this assumption, meters 
measure consumption in only two 
categories-leaks and everything else. 

To follow this line of reasoning, we 
needed to understand what percentage 
of overall consumption leaks 
represent. A 1999 A W A  Research 
Foundation report, Residential End Uses 
of Water,  outlines a typical profile of 
single-family-home water use. The 
study used dataloggers to record usage 
at 100 detached single-family homes at 

August 2001 

testing, and 

Yee’s JAWWA article indicated that 

12 different locations during two 
winter weeks and two summer weeks. 
Although some fluctuations were 
noted and a smaller percentage of 
homes were responsible for the 
majority of leakage recorded, the study 
showed that overall average leakage 
from a residential property was 
14 percent of total consumption. 

Therefore, we decided to weigh our 
low-flow test at 14 percent, the high- 
flow test at 86 percent, and eliminate 
the intermediate-flow test. When the 
new percentages were applied to the 
original meters tested, the overall 
results were virtually identical to the 
earlier findings at weighted flows of 5, 
15, and 80 percent respectively. 

Interpreting the Data 
A number of problems were noted 

with the original analysis of the data 
from our 1998 study. Determining the 
weighted accuracy of a meter by 
weighting the test-flow results is 
already a form of averaging. This was 
compounded by taking all the sample 
results together and averaging them to 
come up with an overall average 
accuracy. What this actually 
accomplished was an averaging of the 

averages, which simply moved the 
statistics further away from hard data 
and provided the mean of the sample, 
not the information that revealed the 
actual performance of the sample. 

meter test data was graphed on a 
scatter diagram that showed the 
relationship between meter age and 
accuracy. Very little of the data showed 
up in the aforementioned overall 
average zone of 56 percent for the 
entire sample. Regardless of the 
percentages used to weigh the flow- 
test results, the effect on the scatter 
diagram was minimal. 

meter accuracies did not change 
significantly regardless of the 
percentages used to weight the 
different flow rates. The majority of 
meters tested at an overall accuracy of 
80 percent or better. A much smaller 
percentage of meters tested at an 
overall accuracy of 30 percent or less, 
and only a smattering of meters 
showed up in the “void” between 30 
and 80 percent. Only four meters from 
the entire sample came anywhere close 
to the 56 percent average weighted 

To interpret the hard data, all raw 

In other words, the grouping of 

continued on page 7 
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polyethylenes are suitable for NaOCl storage, al 
that the tank you choose is approved for this a 
tank is to be used in an outdoor setting, it should be UV-rated. The life e 
all system components is critical-rememb regularly scheduled tank cl 
extend the life of the tank. 

A Final Thought 
So, is on-site generation of sodium hypochlorite or calcium hypochlorite, 

purchasing bulk NaOCl, best suited to your needs? You could toss a coin, but 
all major capital expenditures, it’s better to 
1) determine your operational requirements, 
2) evaluate alternative systems, and 
3) compare capital and operational costs before making your final decision. . 

faster the 
payback time. 

Thus, we 
modified our 
changeout 
parameters for 
residential 
meters. Now, 
all 5/8-in. 
meters are to 
be replaced 
after 15 years 

accuracy on which the replacement 
decision and projected increases were 
initially based. 

The bottom line is we discovered that 
averaging was not the proper tool for 
analyzing the available data. A trend line 
on the graph is certainly more appropriate 
than averaging, but even so, a trend line is 
not necessarily the best tool for analyzing 
the data. A more thorough statistical 
model should be developed for analysis. 

Notification Effect 
The last factor that we tested was the 

effect of meter-change notices left at 
customers’ property when meter changes 
were performed. Standard practice had 
been to leave a notice infoxming 
customers that their meter was replaced 
because it was old and no longer accurate. 
The notice recommended that the 
customers monitor their water use because 
their new meter would be more accurate, 
registering lower flows than the old meter 
registered. This difference in registered 
consumption could cause their bill to go 
up, and we didn’t want them to be caught 
off-guard. 

To determine whether our notices 
influenced customers’ usage, at 100 
homes we left a modified notice that 
simply stated a meter change had been 
performed. An additional 100 homes 
received the usual meter change notice, 
and consumption was tracked at all 200 
homes. The homes that received the 
usual notice showed an average increase 
in consumption of 4.5 percent. The 
sample of homes that received the 
modified notice showed an average 
increase of 11.2 percent. We determined 
that the 6.7 percent difference can most 
likely be attributed to the meter-change 
notice-some customers were influenced 
by the notice and changed their usage 
patterns. 

s 
x 

3 0 

8 

9 
s 
L 

Accuracy 
Key to 

(from page 5) 

Meter Replacement Cost I 
100, _ _  

3.7 a 6.2 
95 v 

/- 1.9 
90 1 

- -  7 __a 6.2 

J 
T 1 . 2  

85 I 
J 
0.9 

80 

75 
of service, and 
3 1 4 - h  and 1- 
in. meters are 
to be changed 
after 20 years. 

Our s&dy taught us that the 
performance of important measurement 
devices should be evaluated at regular 
intervals. Because meters are literally the 
“cash registers” of a utility, their accuracy 
is far too critical to allow decades to pass 
without ensuring optimum 
performance. .A 

Figure 1 .  
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TABLE 3 
Flow Disfr ibuf ion Data jor 8- by $-in.  M e t e r s  in All T y p e s  of Plumbing Systems 
- - 

NO.  oi 

Tested 
Meter! 

- 
450 
439 
1 5 1  
I i 3  
250 
510 

/ 
1 Total per  Flow Rate 

I Percentage of Total Flow Flow Race:---En 
Utility 

_______. 

EBXICD 
C\Y&T 
D\i'SrP sc\v 
L. Beach 
S. Diego 

3.398 I 13.736 34.27i 
10,865 12.86; 31,224 
11.6i8 13.993 
8.151 5.36t1 i a . a . i i  

12,243 1 1 8 : i i O  :::i:! 9,520 10806  

12.3 ~ 65.5 16.1 
12.5 15 .1  ! I 57 50 0 I 1 1 9 8  1.1.3 

19,4 ! 64 I I 2.6 

1 7 2  1 5 5  I ; 1 7 . 1  
8.3 i 6 0 0  ! 21.1) 

1.1.7 59 0 !168 All lllililirr 1,082 
- 

55,855 t 71.833 , 166 2 i i  714.376 1202.639 1 1 .z in .9ao 1 4 6 ' 5 Y 

T.4BL.E 4 
Flow Dzstributzon Data for g- by :-in. Mefers  t n  Copper Plumbzng Systems 

T;\BLE 5 
Flou~  Disfribiifion Data jor f -  by +-in. .lfeters in Iron Pipe Plutnhrnq .'Yyvstems 

S o .  oi 
M e t e r  

Tested 

___. 

367 
3111) 
130 
I hh 
24.5 
I67 

Ctilit, 
A / B : C I D ' E  I 

--,-.-I- 
2.716 i 0.3.52 i 26,581 142.937 1 29,507 
7.845 I I 2  803 22.052 ' 91.605 ; 36.506 

6:672 1 12.665 I J l . i i . 5  I 12.070 
A.112S 5.251 ! 18.551 i 59.955 1 2 . 4 0 2  
'I.415 10,432 I 14,il18! I11,23i1 I 38.bLll 
4.071 6 . 0 3 2 ,  l i . IUO!  51.933: I I , . ! . 1 ~ J  

111.575 

I .3')0 43.347 51,232 j 111.657 .4OV,l35'  1.111.623 I ,  I 
T-ABLE. 6 

s35.994 1 5 . 2  h.1 ~ 13.1 ' 5 ' 1 7  1 15.h I 

Flaw Dtsfribzrfion Data /or :-in. Mefers  In .I11 Types 01 Plzirtzbtng Sjs/etris 

Flow R a t e s  C I l  f l  

- 
D 

23,333 
I'li 

I .0?6 

- 

Pf i Total 
Flow -i 

:encage of Total f 
per Flow Rate 

A B l C  A E E 1 c u / f  ________I___. 
7,v44 
11.566 
7.432 

11,023 i 14.383 
2.424 I ShU 

I1 , .13Y I 10.81 I 

41.635 I YX.318 
h , 12.1153 

i.12 j 32.250 

X I  
iI I 
23.0 

4 2  4 
I1 I 
1 3  

-8- __I_ 

24,786 76.1154 , 15.456 1 -  I 

!3,042 42,383 , 142.621 16.8 1'1 7 

. 
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quired time. Deliveries of the record- Recording Devices 
ing devices were begun jn the spring Tlie 60 recording devices were used 
Of IgG1 and 'lad received by by five of the participating ~nembers. 
the end of the year. Cecause of the The East Bay n ~ ~ ~ i ~ i ~ ~ l  ~ ~ i l i t ) ,  ~ i ~ -  
fact that the domestic or residential CUS- trict de\re]oped its o\\q recording de- 
tonier represents over 90 per cent of the  I ice. This is basically a photocell and 
total custoniers i n  most 11 nter  systems. electronic amplifier that produce a cur- 

T.IBL.E, i 

Flow Distribution Dah  lor I - in .  Mciers i n  A l l  Types  o j  Pluntbtng Systems 
-- I !  I 

1 ,  1 
I 1  J 
1 ;  

Percentace of Total Flou 
iier Flou Ka te  

__ 
C 

38 1 
2 1 8  
30.2 
1 i .3  

E 

13.3 
< i  
11.3 

I 3  11 

1.5 2 
-- 

'I \HIL 8 

.- - -___________ 

i- by :- in.  Mrrerr j :-in. bleterr 1 I- in hlererp ! 

Ke- Inac -  I n a t -  ' 
i iw I live . S o  

';y?:lne:l I Meter T ime Sam- 

C\i'&T 439 1 7 3  5121 133 Y63 7 7  
n\r LP 1.51 52:224! 28:279 54 94 
SC\V 17.3 58.344' 3h .9 i9  63 14 
1,. Hr :~ch  250 ~ 3 . ~ ~ 2 8 1  5V.03i  70 
5. 1 ) i C U C J  i h ~ . ~ 8 8 1 1 3 5 . 1 1 4 ,  82 7.1 

the c-onuiiittee decided to confine its rent recorded by instrument * aiid 
stud!. 10 the sinalles meters, nainely, the printed on a continuous chart. Each 
$ by $-in., $-in., and 1-in. meters. Tlie recording device was set to obtain a 
coiiiiiiittee also divided meter w e n  into continuou; 14-clay oltTervation. 
))rackets Lased on an11u;tl c-oiisuniption 1 lie customer wliose meter \vas to be 
and decided to iiiaktr a11 ryual  nuiiiLcr s1111p1ed \ \as  interviewed, informed of 
of observations in thy luw. middle, and tlic cuniniittee's Lvork, aiid given a com- 
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MINUTES 
BUTLER COUNTY WATER SYSTEM, INC. 

QUORUMCHECK 

MINUTES 
APPROVED 

0 P ERATI NG 
REPORTS 

LIST OF 
ACCOUNTS 

GENERAL 

The Butler County Water System, Inc. Board of Directors met in 
regular session on Tuesday, June 21 , 201 1 , at 4:30 p.m. at the Water 
System Office, 104 S. Tyler St., Morgantown, Kentucky. 

Those members present were: Garry Robbins - Secretary-Treasurer, 
Don Lindsey, and David Martin. Also present were Water System 
Attorney - Dick Deye and Alan Vilines - General Manager. 

Mr. Robbins called the meeting to order and determined a quorum 
was present. 

Mr. David Martin made a motion to approve the minutes of the Board 
Meeting and the Annual Meeting of April 19, 201 1. Mr. Lindsey 
seconded the motion and all voted “aye.” 

The Operating Reports for the periods ending April and May 2011 
were reviewed. 

Mr. Lindsey made a motion to transfer the list of accounts dated May 
and June 201 1 for collection. Mr. David Martin seconded the motion 
and all voted “aye.” 

Mr. Vilines reported on the following: 
-.- - 

I. The report titled “Revised Determination of Cost-effective Meter 
Test Frequency” was reviewed. This study recommends 
replacing all residential size SRll meters when they reach 21 
years of age. An application will be filed with the Public Service 
Commission for approval of a deviation from its regulations which 
would permit this meter program to be implemented. 

MANAGER’S 
REPORT 

2. Progress reports prepared by the Corps of Engineers on the 
Rochester Dam Stabilization Study were reviewed. The Corps 
has scheduled a meeting in Morgantown on July 1 lth to present 
the final results of that study. 

3. FEMA has approved the District’s application for a grant to 
refund expenses incurred as a result of the May 201 0 flood. The 
amount of the award is $8,362 which is 95 percent of total 
expenses. The application for an additional $175,000 to repair 
pipelines in creek crossings and drainage-ways is still pending. 

4. Painting work will begin next week on the Major Maintenance 
project at the Bowling Green Road Pumping Station. This work 
will also be performed at the Hwy. 411 and Leonard Oak 
Pumping Stations and the Rochester Control Valve Station. 
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June 16,201 I 

5. The pump for the water plant backwash project was 
manufactured with the wrong shaft length and was sent back to 
the factory to be corrected. It is expected to be delivered for the 
second time next week and will be installed soon after that. 

6. The contractor on Project 17 is making good progress on grade 
and seed work. By the end of next week he should have 
completed final cleanup on all lines and begin working on “touch- 
up” and punch list items. 

7. Heavy rains this spring have caused road embankment slides on 
Hwy. 79 South and Old Flener-Monford Road. These slides have 
caused water line breaks and the pipe must be re-laid to prevent 
further problems. This work is being done by Water System 
personnel. 

8. Routine system flushing and fire hydrant testing has progressed 
to the northern section of the system in the Elfie area and this 
work is expected to be totally complete in a few weeks. 

9. The Public Service Commission completed its annual 
compliance inspection in May and the Water System was found 
to have no deficiencies. 

I O .  Copies of the District’s annual Consumer Confidence Report 
were distributed. 

11. This year is the Water System’s fortieth anniversary; it was 
incorporated in February of 1971. Possible ideas to 
commemorate this anniversary were discussed. 

12. The Kentucky Rural Water Association’s Annual Conference is 
scheduled for August 29 - 31 in Lexington. 

13. There have been no lost time accidents. 

ROCHESTER 
BAPTIST CHURCH 

Mr. Deye summarized events leading up to the Rochester Baptist 
Church filing suit against the Water System for alleged damages to 
the pavement on its parking lot. Mr. Deye also discussed possible 
courses of action to resolve this matter. 

ADJOURN There being no further business, the meeting was adjourned. 

Respectfully submitted 
\r k&L 

Garry Rotib~hs, Secretary 



MINUTES 
SIMPSON COUNTY WATER DISTRICT 

The Simpson County Water District Board of Commissioners met in 
regular session on Thursday, May 26, 2011 at 1:OO p.m. at the Water 
District Office, 108 Morgantown Road, Franklin, Kentucky. 

QUORUM CHECK Those members present were: Ray Mann -Chairman, and Joe Richards - 
Secretaryflreasurer. Also present was Bob Taylor - Attorney and Alan 
Vilines - General Manager. 

Mr. Mann called the meeting to order and determined a quorum was 
present. 

ANNUAL AUDIT Laney White with Holland CPAs presented the Annual Audit report for the 
period ending December 31 , 201 0. Mr. Richards made a motion to accept 
the audit as presented. Mr. Mann seconded the motion and all voted 
“aye. l1 

MINUTES APPROVED Mr. Richards made a motion to approve the minutes of the Board Meeting 
of March 24, 201 1. Mr. Mann seconded the motion and all voted “aye.” 

OPERATING REPORTS The Operating Reports for the period ending March and April 201 1 were 
reviewed. Mr. Richards made a motion to approve the Operating Reports. 
Mr. Mann seconded the motion and all voted “aye.” 

It was noted that Simpson Fiscal Court reappointed Mr. Richards for 
another term on the Water District’s board. 

- AIMISSIONER’S 
&PORT 

LIST OF ACCOUNTS Mr. Richards made a motion to transfer the list of accounts dated April and 
May 201 I for collection. Mr. Mann seconded the motion and all voted “aye.” 

LEAK ADJUSTMENTS Mr. Richards made a motion to authorize a leak adjustment in accordance 
with the standard policy for Renee Burgess. Mr. Mann seconded the motion 
and all voted “aye.” 

GENERAL MANAGER’S 
REPORT 

Mr. Vilines reported on the following: 

1. The Public Service Commission requires that the District’s tariff 
regarding fire protection include a provision that fire departments 
can be fined if they do not report water usage. Mr. Richards made a 
motion ratifying an addition to the District’s tariff to include this 
provision; Mr. Mann seconded the motion and all voted “Aye.” 

2. A list of current rates for certificates of deposit was distributed. It 
was agreed to continue the discussion of possible locations for 
investment of the District‘s reserve funds at the next meeting. 

3. USDA Rural Development has requested that future debt service 
payments be made by direct debit from the District’s bank account. 
Mr. Richards made a motion to approve an Authorization Agreement 
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I 4. The draft report titled “Revised Determination of Cost-effective 
Meter Test Frequency” was reviewed. This study recommends 
replacing all residential size SRll meters when they reach 21 years 
of age. An application will be filed with the Public Service 
Commission for approval of a deviation from its regulations which 

ADJOURN 

for Preauthorized Payments for this purpose; Mr. Mann seconded 
the motion and all voted “aye.” 

5. The PSC’s annual compliance inspection was performed on May 
10th and the District was found to have no deficiencies. The 
inspection report also mentioned that the two deficiencies noted in 
last year’s report have been addressed. 

6. All clean-up and grade and seed work is complete on both the Hwy. 
100 West water line replacement and the Blackberry Ridge 
extension. 

7. Annual system flushing, fire hydrant testing and fire hydrant 
maintenance has been completed throughout the entire water 
system. 

8. Graphs showing results of flow monitoring at the new bypass master 
meters were shown. This monitoring indicates there are currently no 
large leaks in these areas of the system. 

9. The College Heights Foundation at WKU has recommended 
Stephen Ladd to be this year‘s Simpson Water Scholarship 
recipient. A certificate acknowledging this award will be presented to 
Stephen by Simpson Water at the Franklin-Simpson High School 
awards ceremony. 

10. Copies of the District’s annual Consumer Confidence Report were 
distributed. 

11. A lost time accident occurred on April 12’h when a Repairman 
twisted his knee while on a construction site. Because the torn 
cartilage required surgery, he has been off work for several weeks. 

Mr. Richards made a motion that the meeting be adjourned. Mr. Mann 
seconded the motion and all voted “aye.” 

Respectfully submitted, 

ichara, Secretarynreasurer 



MINUTES 
SIMPSON COUNTY WATER DISTRICT 

The Simpson County Water District Board of Commissioners met 
in regular session on Thursday, July 28, 201 1 at 1:00 p.m. at the 
Water District Office, 108 Morgantown Road, Franklin, Kentucky. 

QUORUM CHECK Those members present were: Ray Mann - Chairman, and Joe 
Richards - SecretaryA-reasurer. Also present was Robert Taylor - 
Attorney and Alan Vilines - General Manager. 

Mr. Mann called the meeting to order and determined a quorum 
was present. 

MINUTES 
APPROVED 

Mr. Richards made a motion to approve the minutes of the Board 
Meeting of June 23, 201 1. Mr. Mann seconded the motion and all 
voted “aye.” 

0 P ERATl NG 
REPORTS 

The Operating Reports for the period ending June 2011 were 
reviewed. Mr. Richards made a motion to approve the Operating 
Reports. Mr. Mann seconded the motion and all voted “aye.” 

COMMISSIONERS 
REPORT 

Mr. Mann stated that he had received several reports of “musty” 
tasting water. Mr. Vilines explained that this is due to algae 
growth in Old Hickory Lake which is more prevalent this time of 
year. White House Utility District has taken extra measures at the 
treatment plant to minimize the effect; however it may be several 
weeks before the water returns to normal. Mr. Richards 
suggested that the board review the annual audit report for Warren 
County Water District. It was the consensus of the board to move 
the next regular meeting back to August 23rd. 

LIST OF ACCOUNTS Mr. Richards made a motion to transfer the list of accounts dated 
July 2011 for collection. Mr. Mann seconded the motion and all 
voted “aye, ” 

GENERAL 
MANAGER’S 
REPORT 

Mr. Vilines reported on the following: 

1. The conversion to the new customer information system is 
going well. There have been three data extractions from 
the old system with progressively better results. The new 
software has been installed and was used by cashiers in 
parallel with the old system for one week in June. This 
identified certain items that need to be corrected and 
modified, but overall the comparison of the transactions 
entered during the week was good. A second parallel test 
is scheduled for late August and the “go live” date for full 
implementation is September 26th. 

I 

l 
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2. An estimate has been submitted to the Highway 
Department for water line relocations necessary for the 
proposed widening of Hwy. 100 East. The total project cost 
of about $300,000 will be reimbursed by the state. Mr. 
Richards made a motion authorizing an agreement with the 
Highway Department for the relocation work, the 
advertisement for bids, and award of the contract to the low 
bidder. Mr. Mann seconded the motion and all voted “aye”. 

3. The application has been filed with the Public Service 
Commission for further deviation from meter testing 
regulations. It may be several weeks before the PSC 
responds. 

4. Mr. Richards made a motion to appoint Mr. Vilines as the 
District’s voting delegate at the upcoming Kentucky Rural 
Water Association Annual Conference with Mr. Schubarth 
as an alternate. Mr. Mann seconded the motion and all 
voted “aye”. 

.+ - 

ai 
5. Current community relations activities include the Industrial 

Appreciation Golf Scramble and the upcoming Garden Spot 
5k RunNValk. 

6. There have been no lost time accidents. 

Mr. Richards made a motion that the meeting be adjourned. Mr. 
Mann seconded the motion and all voted “aye.” 

Respectfully submitted, 

A 

I 
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WARREN COUNTY WATER DISTRICT 

The Warren County Water District Board of Commissioners met in 
regular session on Tuesday, May 24,201 1 , at 4:OO p.m. at the Water 
District Office at 523 US 31 W Bypass, Bowling Green, Kentucky. 

QUORUM CHECK Those members present were: Henry Honaker - Chairman, Tad 
Donnelly - Vice-chairman, Glen Johnson - Secretary and Harvey 
Johnston. Also present was Matt Cook - Cole & Moore, Jeff Peeples 
- Manager of Administration and Finance and Alan Vilines -General 
Manager. 

Mr. Honaker called the meeting to order and determined a quorum 
was present. 

INVESTMENT The District’s Investment Policy was reviewed. Pete Mahurin and Mac 
OPT1 ONS Jefferson with Hilliard Lyons discussed various investment 

opportunities available that would comply with the policy. Mr. Cook 
stated that he had reviewed the policy and provided details regarding 
the section permitting bonds issued by “the Commonwealth of 
Kentucky and its agencies and instrumentalities.” Further discussion 
centered on current returns on various types of investments and the 
potential risks. Mr. Jefferson noted that the State Property and 
Buildings Commission is planning a sale of taxable bonds the week 
of June 21”. 

MINUTES 
APPROVED 

Mr. Johnston made a motion to approve the minutes of the meeting 
of April 26, 2011. Mr. Donnelly seconded the motion and all voted 
“aye”. 

OPERATING 
REPORTS reviewed. 

The Operating Reports for the period ending April 2011 were 

LIST OF 
ACCOUNTS 

Mr. Johnston made a motion to transfer the list of accounts dated 
May 201 1 for collection. Mr. Johnson seconded the motion and all 
voted “aye.” 

GENERAL 
MANAGER’S 
REPORT 

The General Manager reported on the following: 

1. A Preliminary Summary of Project Costs for a sewer extension 
to potential industrial property in Allen County was presented. 
Two options for sizing pumping stations and force mains were 
included. 

2. The draft report titled “Revised Determination of Cost-effective 
Meter Test Frequency” was reviewed. This study recommends 
replacing all residential size SRll meters when they reach 21 
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years of age.  An application will be filed with the Public 
Service Commission for approval of a deviation from its 
regulations which would permit this meter program to be 
implemented. 

3. The Plano Road water line replacement is installed and is 
being tested. The Plum Springs Road water line is now in 
service. About 50 percent of the Detour Road line has been 
laid and it should be completed in the next few weeks. The 
Natcher Force Main Extension started on the Pioneer Drive 
end and has now progressed to a point near the Lost River 
School property. 

4. FEMA has approved the District’s application for a grant to 
refund expenses incurred a s  a result of the May 2010 flood. 
The amount of the award is $136,197 which is 95 percent of 
total expenses. The application for an additional $81,000 to 
build a flood wall around the Three Springs Lift Station is still 
pending . 

5. The College Heights Foundation at WKU recommended 
Michael Alford to be this year’s Warren Water Scholarship 
recipient. A certificate acknowledging this award will be 
presented to Michael by Warren Water at the South Warren 
High School awards ceremony. 

6. Copies of the District’s annual Consumer Confidence Report 
were distributed. 

7. There have been no lost time accidents. 

ADJOURN There being no further business, Mr. Johnson made a motion to 
adjourn the meeting. Mr. Johnston seconded the motion, all voted 
“aye” and the meeting was adjourned. 

Respectfully submitted, 
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QUORUM CHECK 

MINUTES APPROVED 

0 PERATl N G 
REPORTS 

BGMUMICWD JOINT 
EN GIN EERl N G, 
PLANNING AND 
Fl NANC E 
COMMITTEE 

The Warren County Water District Board of Commissioners met in regular 
session on Tuesday, July 26,201 1 , at 4:OO p.m. at the Water District Office 
at 523 US 31 W Bypass, Bowling Green, Kentucky. 

Those members present were: Henry Honaker - Chairman, Tad Donnelly - 
Vice-chairman, Joe Taylor - Treasurer, Glen Johnson - Secretary and 
Harvey Johnston. Also present were Hamp Moore -Attorney, Alan Vilines - 
General Manager and Jon Schubarth - Manager of Engineering and 
Construction. 

Mr. Honaker called the meeting to order and determined a quorum was 
present. 

Mr. Johnson made a motion to approve the minutes of the meeting of June 
14,201 I. Mr. Donnelly seconded the motion and all voted “aye”. 

The Operating Reports for the period ending May and June 2011 were 
reviewed 

Mr. Taylor reported on the BGMUWCWD Joint Engineering, Planning and 
Finance Committee meeting of June 16‘h. Updates were presented on the 
waste water treatment plant project, the backwash project, and several other 
new projects at the water treatment plant. The Jennings Creek Interceptor 
video inspection and manhole improvements were also discussed. Major 
items included in the wholesale rate study were reviewed by staff members 
and the committee passed a motion to recommend the rates to each 
respective board. 

Mr. Vilines discussed several details of the wholesale rate study as outlined 
in the joint staff letter of June 16, 201 1 , and summarized the changes in 
wholesale rates for each of the service areas. Schedules of proposed retail 
water and sewer rates were presented along with a comparison of retail bills 
for the larger systems in Kentucky. Mr. Donnelly made a motion to approve 
the wholesale rates as recommended by the Joint Committee and to 
proceed with filing a Purchased Water Adjustment with the Public Service 
Commission followed by implementation of the retail rate increase. Mr. 
Johnston seconded the motion and all voted “aye.” 

--- - 
Mr. Moore stated that the application for a meter testing deviation has been 
filed with the PSC. He has also been working with management on several 
aspects of the Nashville Road sewer extension. 

ATTO RN EY’S 
REPORT 

LIST OF 
ACCOUNTS 

GENERAL 
MANAGER’S REPORT 

Mr. Taylor made a motion to transfer the list of accounts dated July 201 1 for 
collection. Mr. Johnson seconded the motion and all voted “aye.” 

The General Manager reported on the following: 

1. Mr. Schubarth presented a proposal for funding the Nashville Road 
sewer extension to Buchanon Park which includes establishing a 
sewer interceptor capital recovery area. In addition to regular tap 
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4. 

5. 

6.  

7. 

ADJOURN 

fees, the District would collect capital recovery contributions at the 
time customers apply for sewer service and these contributions 
would be used to offset annual debt service on a KIA loan. Under 
this plan Warren Fiscal Court would pay any difference between the 
capital recovery contributions collected each year and the annual 
debt service payments. It was the consensus of the board that this 
would be a good approach, if the county finds it acceptable. 

The Mobile GIS pilot has been successful in identifying the best 
equipment and methods to be used in a fully implemented program. 
The system has proven to be very beneficial for operations. The 
employees involved in the pilot have been able to use the system 
effectively with minimal training. Mr. Johnston made a motion to 
proceed with the complete Mobile GIS program; Mr. Johnson 
seconded the motion and all voted “aye.” 

The conversion to the new customer information system is going 
well. There have been three data extractions from the old system 
with progressively better results. The new software has been 
installed and was used by cashiers in parallel with the old system for 
one entire week in June. This identified certain items that need to be 
corrected and modified, but overall the comparison of the 
transactions entered was good. A second parallel test is scheduled 
for late August and the “go live” date for full implementation is 
S e p tem be r 2 6‘h. 

The Tabulation of Bids for the Hwy. 31W Water & Sewer Line 
Relocations was distributed. Mr.  Taylor made a motion to award the 
construction contract to the low bidder, Clay Pipeline, Inc. of 
Manchester, KY. Mr. Johnston seconded t h e  motion and all voted 
“aye.” 

Construction on the Natcher Parkway Force Main Extension is 
complete except for cleanup work. 

Mr. Johnston made a motion to appoint Mr. Taylor a s  the District’s 
voting delegate at the upcoming Kentucky Rural Water Association’s 
Annual Conference with Mr. Vilines a s  an alternate; Mr. Donnelly 
seconded the motion and all voted “aye.” 

There have been no lost time accidents. 

There being no further business, Mr. Johnston made a motion to adjourn the 
meeting. Mr. Donnelly seconded the motion, all voted “aye“ and the meeting 
was  adjourned. 

Respectfully submitted, 
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The Butler County Water System, Inc. Board of Directors met in 
regular session on Tuesday, October 19, 2010, at 7 : O O  p.m. at the 
Water System Office, 104 S. Tyler St., Morgantown, Kentucky. 

Those members present were: Roland Stephens - President, 
Weymouth Martin, Jr. - Vice-president, Garry Robbins - Secretary- 
Treasurer, David Martin and Don Lindsey. Also present was Alan 
Vilines -- General Manager. 

Mr. Lindsey made a motion to approve the minutes of the Board 
Meeting of August 17, 2010. Mr. David Martin seconded the motion 
and all voted “aye.” 

The Operating Reports for the periods ending August and September 
201 0 were reviewed. 

Mr. Weymouth Martin made a motion to transfer the list of accounts 
dated September and October 2010 for collection. Mr. Robbins 
seconded the motion and all voted “aye.” 

Mr. Vilines reported on the following: 

1. Several pages of financial information regarding refinancing of 
the Water System’s existing debt were reviewed. Updated 
estimates prepared by Morgan Keegan & Company indicate 
potential savings of approximately $23,000 per year. Mr. David 
Martin made a motion approving a Resolution which authorizes 
the loan agreement with Butler County and the filing of an 
application with the Public Service Commission for the 
refinancing. Mr. Lindsey seconded the motion and all voted 
“aye. ” 

2. A list of “Areas Expressing Interest in Water Line Extensions” 
dated October 18, 201 0 was distributed. Mr. Weymouth Martin 
made a motion to fund the 5 distribution lines listed from the 
Water System’s reserves, to proceed with the necessary 
engineering work and advertise for bids on the construction. Mr. 
Lindsey seconded the motion and all voted “aye”, except Mr. 
Robbins who abstained. 

The PSC’s meter testing regulations were discussed along with 
steps taken by the Water System leading up to the meter testing 
deviation granted by the PSC in 1999. Performance of the 
Sensus SRll meters currently in use by the Water System, the 
2003 application to the PSC and subsequent 2005 PSC Order 
allowing additional sample testing were also reviewed. Mr. 
Robbins made a motion authorizing further study of SRll meter 
accuracy to be followed by a joint application to the PSC for a 
deviation which would allow an extended meter testing 

.- 

3. 
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4. 

5. 

6. 

7. 

8. 

9. 

frequency. Mr. David Martin seconded the motion and all voted 
“aye.” 

The engagement letter from Buckles, Travis, VanMeter and Hart, 
PLLC for the 2010 Audit was discussed. Mr. David Martin made 
a motion to accept this proposal with a revision to allow a change 
in the fee equal to the annual change in the CPI; Mr. Robbins 
seconded the motion and all voted “aye,” 

The proposed operating budget for 2011 was reviewed. Mr. 
Weymouth Martin made a motion to approve the budget as 
presented. Mr. Lindsey seconded the motion and all voted “aye.” 

Progress on the Project 17 water line construction was reviewed. 
Twenty-five individual lines have been placed in service out of 
the total of 43 on the project. About 85 percent of the pipe has 
been installed to date and most of the lines remaining to be laid 
are in the Muhlenberg County area. 

Steel erection on the new Logansport Tank is complete. Blasting 
and painting will start soon. 

Several improvements associated with the Major Maintenance 
Project are underway. The pumps at the Leonard Oak Pump 
Station are being renovated and all of the old, unused piping at 
the Rochester Control Valve Station has been removed. A new 
master meter has been installed at the Hwy. 411 Pumping 
Station. 

Photographs were circulated showing problems at several 
locations where water mains are exposed in creek crossings. 
About 20 such sites have been identified north of the river and 
more are expected to be found on the south side. Mr. Lindsey 
made a motion authorizing an application for funding assistance 
from FEMA to repair these locations; Mr. Weymouth Martin 
seconded the motion and all voted “aye.” 

IO. There have been no lost time accidents. 

Mr. David Martin made a motion to adjourn. Mr. Robbins seconded 
the motion and all voted “aye.” 

Respectfully submitted, 

.’ Garry-Wbbins, Secretary 
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The Simpson County Water District Board of Commissioners met in 
regular session on Thursday, October 28, 2010 at 1:OO p.m. at the 
Water District Office, 108 Morgantown Road, Franklin, Kentucky. 

Those members present were: Ray Mann - Chairman, James 
Snider - Vice Chairman and Joe Richards - Secretaryflreasurer. 
Also present were Bob Taylor - Attorney and Alan Vilines - General 
Manager. 

Mr. Mann called the meeting to order and determined a quorum was 
present. 

Mr. Richards made a motion to approve the minutes of the Board 
Meeting of September 23, 2010. Mr. Snider seconded the motion 
and all voted “aye.” 

The Operating Reports for the period ending September 201 0 were 
reviewed. Mr. Snider made a motion to approve the Operating 
Reports. Mr. Richards seconded the motion and all voted “aye.” 

Mr. Snider made a motion to transfer the list of accounts dated 
October 201 0 for collection. Mr. Richards seconded the motion and 
all voted “aye.” 

Mr. Richards made a motion to authorize a leak adjustment in 
accordance with the standard policy for Kris Slack and Wayne 
Woods. Mr. Snider seconded the motion and all voted “aye.” 

Mr. Vilines reported on the following: 

1. On October 2Cjth the Franklin City Commission approved the 
Supplemental Agreement between the District and the city 
regarding the service area annexation for the Ewing 
Properties development. 

2. The PSC’s meter testing regulations were discussed along 
with steps taken by the District leading up to the meter testing 
deviation granted by the PSC in 1999. Performance of the 
Sensus SRll meters currently in use by the District, the 2003 
application to the PSC and subsequent 2005 PSC Order 
regarding an additional testing deviation were also reviewed. 
Mr. Snider made a motion authorizing further study of SRll 
meter accuracy to be followed by a joint application to the 
PSC for a deviation which would allow an extended meter 
testing frequency. Mr. Richards seconded the motion and all 

I 
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voted “aye.” 

3. The  proposed operating budget for 201 1 w a s  reviewed. Mr. 
Richards m a d e  a motion to approve the  budget as presented. 
Mr. Snider seconded the motion and all voted “aye.” 

4. Mr. Snider m a d e  a motion to accept  the proposal from 
Holland CPA’s for the 201 0 Audit as revised a n d  to authorize 
the  general  manager  t o  sign the  proposal on behalf of the 
District. Mr. Richards seconded the motion a n d  all voted 
“aye. ” 

5. Pipeline construction on  the Hwy. 100 W e s t  Water  Line 
Replacement  project is almost complete. Within a few days  
the new line will be tied in and tested; then existing service 
lines can  be connected. 

6. Service for the  new TSC Distribution Center  in the East  
Industrial Park will require an extension of the existing 16-inch 
water main on  Raines Drive approximately 500 feet  in length. 
A draft Construction Agreement between the  District and the 
Franklin-Simpson Industrial Authority w a s  presented. Mr. 
Richards m a d e  a motion approving the agreement  as revised 
and  authorizing the  staff to advertise for construction bids and 
to award the contract based on the lowest and  bes t  bid. Mr. 
Snider seconded the  motion and  all voted “aye.” 

7. The next board meeting is scheduled for December 16fh at 
6:OO p.m. 

8. There have been  no lost time accidents. 

ADJOURN Mr. Snider m a d e  a motion that the meeting be adjourned. Mr. 
Richards seconded the motion and all voted “aye.”  

Respecff ully submitted, 
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The Warren County Water District Board of Commissioners’met in 
regular session on Tuesday, October 26, 2010, at 4:OO p.m. at the 
Water District Office at 523 US 31W Bypass, Bowling Green, 
Kentucky . 

Those members present were: Henry Honaker - Chairman, Glen 
Johnson - Secretary, Joe Taylor - Treasurer, Harvey Johnston and 
Tad Donnelly. Also present were Hamp Moore, Jeff Peeples and 
Alan Vilines. 

Mr. Honaker called the meeting to order and determined a quorum 
was present. 

Mr. Taylor made a motion to approve the minutes of the meeting of 
September 30,2010. Mr. Johnson seconded the motion and all voted 
“aye”. 

The Operating Reports for the period ending September 2010 were 
reviewed. 

Mr. Donnelly reported on the PSC Training Seminar he attended at 
Rough River State Park on October gfh. The sessions included 
several topics of particular interest to board members. Mr. Donnelly 
also mentioned that he had been contacted regarding improvements 
to water supply facilities at Jackson’s Orchard. 

Mr. Johnson made a motion to transfer the list of accounts dated 
October 201 0 for collection. Mr. Donnelly seconded the motion and 
all voted “aye.” 

The General Manager reported on the following: 

1. 

2. 

Results of the bid opening for the Olde Stone Water Line and 
Force Main Repair were reviewed. As authorized at the 
September meeting, this contract was awarded to the low 
bidder, Charles Deweese Construction of Franklin, KY. 

Results of the bid opening for the 2010 Water System 
Improvements were reviewed. Mr. Taylor made a motion to 
award this contract to the low bidder, Jackson Excavating, 
LLC of Franklin, KY. Mr. Johnston seconded the motion and 
all voted “aye.” 

3. The PSC’s meter testing regulations were discussed along 
with steps taken by the District leading up to the meter testing 
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deviation granted by the PSC in 1999. Performance of the 
Sensus SRll meters currently in use by the District, the 2003 
application to the PSC and subsequent 2005 PSC Order 
regarding an additional testing deviation were also reviewed. 
Mr. Johnston made a motion authorizing further study of SRll 
meter accuracy to be followed by a joint application to the 
PSC for a deviation which would allow an extended meter 
testing frequency. Mr. Donnelly seconded the motion and all 
voted “a ye. ” 

4. The engagement letter and pricing from Shelton &Associates 
for the 2010 Audit were discussed. Mr. Taylor made a motion 
to accept the proposal from Shelton & Associates; Mr. 
Johnson seconded the motion and all voted “aye.” 

5. The pre-construction conference for the Natcher Parkway 
Interceptor Extension has been held, however actual 
construction work is on hold pending acquisition of all required 
easements. Minor items are still remaining to complete the 
North Warren and Lift Station Upgrade projects. 

6. One of the small pickup trucks used for meter reading is a four 
wheel drive 2005 model with about 186,000 miles and another 
small pickup used for meter testing and line flushing is a two 
wheel drive 2003 model with about 213,000 miles. It was 
recommended that both these trucks be replaced. Mr. 
Johnston made a motion to solicit bids on the new vehicles 
and purchase them from the low bidder; Mr. Donnelly 
seconded the motion and all voted “aye.” 

7. A letter to the board from a water customer, Laura Daves, was 
discussed along with the resolution of Ms. Daves’ concerns. 

8. There have been no lost time accidents. 

There being na further business, Mr. Johnson made a motion to 
adjourn the meeting. Mr. Donnelly seconded the motion, all voted 
“aye” and the meeting was adjourned. 

Respectfully submitted , 





CALCULATION OF SAMPLE SIZE 

Normalized 
Calculated Standard 

Meters in Standard Deviation using 17 

Total Evaluation Evaluation % Deviation of Linear Sample 
Year Meters Group of Total Meter Accuracy Regression ( I )  Size USE 

1990 1,328 829 62.4% 0.0438 0.0487 91 95 
1991 1,525 
1992 1,569 
1993 1,907 
1994 1,349 
1995 1,258 
1996 1,887 
1997 1,227 

TOTAL 12,050 

1,010 
1,085 
1,368 

751 
608 
316 
50 

6,017 

66.2% 00534 0.0446 77 80 
69.2% 0.0316 0.0406 63 65 
71.7% 0.0377 0.0366 51 55 
55.7% 0.0340 0.0326 41 45 
48 3% 0.0261 0.0285 31 35 
16.7% 0.0613 0.0245 23 30 
4.1% 0.1260 0.0205 16 30 

393 435 

Note ( I )  The linear regression equation used to normalize the standard deviation is y=-0.004026x+8.0604 
where 'x' is equal to the year of manufacture and 'y' is the normalized standard deviation. 





TABLE A-7 (Revised) 
METER TESTS - 49 YEAR OLD METERS 

-------_ Test Results -------- Meets PSC 
Meter No. Low Medium High WAMA Repaired Meter Stds. 

44894643 
44894646 
44894654 
44894658 
44894668 
44894694 
44894705 
44894714 
4489471 8 
44894723 
44894724 
44894735 
44894737 
44894742 
44894745 
44894754 
44894764 
44894769 
44894787 
44894796 
4489481 1 
44904035 
449 040 3 7 
44904045 
44983752 
44983756 
44983799 
44983806 
44983807 
44983825 
44983828 
44983872 
44983904 
449921 93 
44992226 
44992248 
44992259 
44992299 

94 
92 
98 
96 
92 
97 
93 
98 
96 
92 
96 
95 
96 
91 
97 
98 
99 
99 
94 
96 
93 
92 
97 
96 
88 
93 
87 
91 
92 
96 
7 8 
98 
96 
94 
97 
98 
79 
91 

100 
99 

101 
101 
99 

101 
99 

101 
100 
100 
101 
90 
99 
99 

101 
100 
101 
100 
100 
100 
100 
100 
101 
101 
99 

100 
99 

100 
99 

100 
97 

100 
100 
100 
101 
101 
99 
99 
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100 
99 

100 
100 
99 

100 
99 

100 
1 00 
98 

100 
99 
99 
99 

100 
100 
100 
101 
99 

100 
100 
99 

100 
100 
99 
99 
99 
99 
99 

100 
98 

100 
99 

100 
100 

99 
99 

i oa 

99.6 
98.5 

100.7 
100.6 
98.5 

100.7 
98.6 

100.8 
99.7 
99.3 

100.6 
90.9 
98.8 
98.5 

100.7 
99.9 

100.8 
100.0 
99.5 
99.7 
99.5 
99.4 

100.7 
100.6 
98.2 
99.5 
98.1 
99.3 
98.5 
99.7 
95.7 
99.9 
99.7 
99.6 

100.7 
100.7 
97.6 
98.4 

no 

no 

no 

no 

no 

no 



-------- Test Results ----..--- Meets PSC 
Meter No. Low Medium Hiah WAMA ReDaired Meter Stds. 

44992300 
44992314 
45221 876 
45221 883 
45221 903 
45221 91 4 
45221 925 
45221 930 
45221 934 
4522 1 96 1 
45221 975 
45221 992 
45222002 
4522201 3 
45304352 
45304355 
4541 5293 
4541 5384 
45415416 
4541 5428 
4541 5452 
4541 5483 
45468897 
4546891 0 
4546891 6 
45468967 
45468983 
45468993 
45469045 
45469049 
454691 19 
454691 26 
45469 1 3 1 
454691 38 
4546921 1 
45469668 
45469682 
4561 3350 

98 
89 
90 
99 
99 
97 
83 
98 
92 
97 
98 
93 
97 
97 
88 
96 
88 
96 
89 
99 
88 
99 
95 
89 
97 
92 
91 
93 
84 
98 
97 
81 
97 
95 
98 
96 
94 
90 

101 
99 
99 

100 
101 
101 

101 
100 

101 
I00 
101 
101 
99 
99 
99 

100 
99 

101 
98 

I01 
100 
99 

101 
99 

100 
101 
98 

101 
101 
99 

101 
101 
101 
101 
100 
99 

9a 

i a i  

100 
99 
99 

101 
100 
101 
98 

100 
99 

I00 
100 
99 

100 
100 
99 

100 
99 

100 
98 

100 
99 

100 
99 
99 

100 
99 
98 
56 
98 

100 
100 
99 

100 
100 
100 
100 
99 

100 

100.7 
98.3 
98.4 

100.0 
100.8 
100 7 
97.0 

100.7 
99.4 

100.7 
100.7 
99.5 

100.6 
100.7 
98.2 
98.8 
98.3 
99.7 
98.3 

100.8 
97.3 

100.8 
99.6 
98.3 

100.6 
98.5 
99.3 
97.8 
97.0 

100.7 
100 7 
97.7 

100.6 
100.5 
100.7 
100.6 
99.5 
98.4 

no 

no 

no 

no 

no 

no 

no 

no 
no 
no 

no 
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- - - - - - - - Test Results -------- Meets PSC 
Meter No. Low Medium High WAMA Repaired Meter Stds. 

4561 3352 91 99 99 98.4 

AVERAGES 93.7 99.9 98.9 99.4 
MIN 78.0 90.0 55.9 
MAX 99 0 101 0 100 7 

% Meeting PSC Repaired Meter Stds 

MIN 
MAX 
STD 

Total Pop. Size 
Acceptable Error 
Std. Deviation 
Samp. Size (95% Conf. Level) 

Actual Error 0.003 

Page A-I6 

77.90% 

90.9 
100.8 

1.5 
1,525 
0.010 
0.015 

77 





WARREN, BUTLER & SIMPSON COUNTY WATER DISTRICTS 
2010 COST EFFECTIVE METER TESTING STUDY 
SUMMARY OF METERS TESTED PER SYSTEM 

Appendix Table A- 8 A-7 A-6 A- 5 A-4 A-3 
Meter Age 
Year 

WCWD Total Meters 
BCWS Total Meters 
SCWD Total Meters 
TOTAL 

WCWD Test Group 
BCWS Test Group 
SCWD Test Group 
TOTAL 

20 19 18 17 16 15 14 13 
1990 1991 1992 1993 1994 1995 1996 1997 TOTAL 

1,289 1,144 1,196 1,527 664 825 1,264 86 1 8,770 
3 292 24 3 178 495 89 144 127 1,571 

36 89 __I--. 130 202 190 344 479 139 1,609 
1,328 1,525 1,569 1,907 1,349 1,258 1,887 1,127 11,950 

93 59 46 39 21 27 17 24 326 
1 18 9 8 19 4 2 2 63 

46 1 3 10 8 5 4 11 4 
95 80 65 55 45 35 30 30 435 

.- -~ "- - 





TABLE 3 
COST-EFFECTIVE DETERMINATION 

J -.. A B C D E F G H I 
Weighted Percent 
Average Below Total Unit Unit Net Present 

Meter Repaired Unit Unit Program Water Annual Present Value of 
Meter Accuracy Meter Retrieval Replacement Cost Recovered Revenue Value of Program 
Age (WAMA)’ Standards’ Cost Cost Per Meter (gals/yr) Gain Rev. Gain‘ per Meter 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
I 9  

100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.05% 
100.01 % 
99.93% 
99.82% 
99.65% 
99.45% 
99.21 % 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 
0.25% 
0.44% 
1.69% 
4,84% 
9.86% 

16.77% 
25.57% 

0.00% 

$13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 
13.38 

$26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 
26.92 

$40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 
40.30 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

41 
114 
21 3 
337 
487 

$0.00 $0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.14 1.67 
0.39 4.90 
0.73 9.61 
1.15 15.82 
1.66 23.78 

-$40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-40.30 
-38.63 
-35.40 
-30.69 
-24.48 
-16.52 

20 98.93% 36.25% 13.38 26.92 40.30 661 2.25 33.47 -6.83 
21 98.61% 48.82% 13.38 26.92 40.30 859 2.93 45.17 4.87 
22 98.25% 63.27% 13.38 26.92 40.30 1,081 3.69 58.81 18.51 
23 97.85% 79.61% 13.38 26.92 40.30 1,326 4.52 74.33 34.03 
24 97.42% 97.83% 13.38 26.92 40.30 1,593 5.43 91.96 51.66 
25 96.95% 100.00% 13.38 26.92 40.30 1,883 6.42 111.79 71.49 

Unit Costs for District Operations: 
Cost per Man-hour (Retrieval) $17.97 New Meter Cost $31 “88 
Cost per Man-hour (Admin.) 20.56 Scrap Value 4.96 

Net Cost $2,€&2 

ReDhCement Costs: 

Cost per Truck-hour 5.77 

Unit Retrieval Cost: 
Meterdhr. 1.80 Avq. Residential Usaqe = 61,764 Per Year 
Unit Cost $13.21 

Incremental Water Rate = $3.41 per 1,000 gals. 
Unit Admin. Cost: 

Meters/hr. 120.00 
Unit Cost $0.17 

Total Unit Retrieval & Test Cost: $13.38 

’ Best fit curve data. 
Unit Present Value of Rev. Gain (I) = Unit Annual Revenue Gain (H) * Present Value Factor @ 3.0%. 
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