FILED

MAY 18, 2021
Missouri Public
Service Commission

Exhibit No. 303

Commission — Exhibit 303
1990 Study
File No. WC-2021-0129



TABLE OF CONTENTS

Presentation:

Purpose

Study 2

Parameters

Conclusion

Presentation

BUMMAYY ¢t ittt ettt et s e et et et et e e Page 1 - 7

METER PERFORMANCE STUDY (YEARS)

Range of Meter Accuracies for Years 15, 18, 20
Comparison of Accuracy Curves
1/8 GPM & 2 GPM Charts 1 & 2 ... iinnnnnii.. Page 8 - 9

Overall Accuracies by Year @ 1/8 GPM & 2 GPM
Chart 3 & 4 ................... Page 10 - 11

Comparison % Acceptable Meters 1972 versus 1990
1/8 GPM & 2 GPM Charts 5 & 6 .................. Page 12 - 13

Comparison % Unacceptable Meters 1972 versus 1990
1/8 GPM & 2 GPM Charts 7 - 9 ... .. ............ Page 14 - 15

Meter Study Groups and Supporting Data - Individual Years Groups
1/8 GPM & 2 GPM Charts 10 - 21 ................ Page 16 - 39

METER PERFORMANCE STUDY (USAGE)

Usage Study Group (Comparison) 400,000 - 500,000 - 600,000

Cu. Ft. 1/8 GPM & 2 GPM Charts 22 - 23 .... Page 40 - 41
Usage Compared to Average % Accuracy. All Groups.

L/8 GPM & 2 GPM Chart 24 & 25 ................. Page 42 - 43
Usage Compared to Average % Accuracy. Meters Not Acceptable

@ 1/8 GPM Test Chart 26 ............ 0.0, Page 44
Usage Compared to Average % Accuracy. Meters Not Acceptable

@ 2 GPM Test Chart 27 ..., . . . . Page 45
Usage Study Groups 100,000 Cu. Ft. Thru 700,000 Cu. Ft. and
sSupporting Data Charts 28 - 41 ................ Page 46 - 73
Appendix A

Collection of Data - 1990 Study ... .. L, Page

Appendix B
Historical Record
System Growth versus Meter Changes ............... Page 76

151



1990 METER STUDY

Purpose:

The purpose of this study was to see if our current 15 year meter
change program for 5/8" meters was still appropriate, or if there
was-a need to revise either the Years between changes, or to

increase or decrease the mileage between changes.

Study Parameters:

This study, like the 5/8" meter studies made in 1968 and 1972,
includes meters having service periods from 15 through 20 years.
It is significant to recognize that a different style of meter
was being tested in the 1990 study than was tested in 1972. 1In
1990, meters with plastic chambers were also in this group being
tested while in 1972 the meters being tested all had bronze

chambers.

An important difference between the two groups of data is that
the 1990 data are a tabulation of meters that were last
overhauled 15 through 20 Years ago respectively. The 1972 data

are a tabulation of meters that were last set 15 through 20 years' 

ago respectively, without regard to the earlier last overhaul
date. A further study of accuracy versus age since last set date

is currently underway.

The total number of meters tested in this study was 1096 for age

and 1934 for usage.
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Conclusion:

From the data it can be concluded that our present service period
of 15 years should continue to be used for 5/8" meters. It does
appear that our overhaul period could be modified to allow meters
to feach 500,000 cu. ft. of registration prior to replacement
instead of our present 400,000 cu. ft. of registration (see

chart 22 and 23). Note that the 400,000 cu. ft. curve and the

500,000 cu. ft. curve intersect the minimum standard line at

nearly the same point.

Presentation of Daté:

The method of presenting data using tables and graphs parallels
the previous studies. The test standards of 98.5% to 101% at 2
GPM and 65% at 1/8 GPM are the same as the standards in 1972, and
are more strict than AWWA new meter standards. The meters that
do not test to these minimum accuracies are rebuilt. Meters that
test between 65% and 70% accuracy at 1/8 GPM, or that test
between 98.5 and 99.5% at 2 GPM are regeared but not rebuilt. No
meter is returned to service unless they are accurate to 70% and

99.5% at the respective flows.

Charts 1 and 2 are a plotting of the duration curves for 15, 18,
and 20 years of service. The curves were plotted for each rate
so that any point of the curve may be read "X% of total meters

did register more than Y%."
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Charts 3 and 4 show average peréentage registration for all
meters in each of the years studied at each flow rate. Also it

shows the amount of meters in each group.

Charts 5 thru 9 are charts which compare data from the 1972 study
to i990 data. These charts show the percent of meters at each
flow rate (1/8 and 2 GPM) that registered within an acceptable
range, and those that registered more than the SLCWC maximum
standard, and those that registered below the SLCWC minimum

standard.

Charts 10 thru 21 are the 15, 16, 17, 18, 19, and 20 year curves
for each of the two flow rates. Following each set of charts is

a tabulation of information for those charts.

Charts 22 and 23 are a plotting of the range of meter accuracies
for meters with usage of 400,000 cu. ft., 500,000 cu. ft., and
600,000 cu. ft.

Charts 24 and 25 show the overall average accuracy of each group
of meters with usage of 100,000 thru 700,000 cu. ft. Also

included in the charts are the amount of meters in each group.

Charts 26 and 27 show the percent of meters that registered under
the minimum standard. Charts include the number of meters in

each group.
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Charts 28 thru 41 are a plotting of the duration curves for
usage from 100,000 cu. ft. thru 700,000 cu. ft. and the

tabulated data for each usage group studied.

Summary of Data Presented:

1. éharts 1 and 2 are a plotting of the duration curves for
meters with 15 Years, 18 years, and 20 years service without
regard of registration. These curves indicate that meters in

the field beyond 15 years show a marked drop in accuracy.

2. Charts 3 and 4 are bar graphs illustrating the average percent
of registration faccurécy) and the total number of meters in
each age group in the 1990 test group only. In the
sensitivity test (1/8 GFM), the average age group registration
(accuracy) ranged from 84.0% to 95%. All year groups show

average accuracies in the acceptable range.

In the 2 GPM test, the average percent registration shows a
drop from the 15 year group to the 18 year group, then the
percent registration climbs. The reason is probably due to
the fact that the older meters are more predominantly taken
from residences with ARB readers, hence the difficulty of
getting to then (age). These ARB meters tend to show lower
than average mileage for their age. We speculate that
buildings with ARB devices are occupied for a smaller

‘percentage of the day, resulting in lower daily water use.
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This chart also shows that adcuracy remains above the minimum
standard thru 17 years. After 17 Years, accuracy is below the
minimum acceptable level. This duplicates the results of

earlier studies.

éharts 5 thru 9 are a comparison of the 1972 Meter Accuracy
Study to 1990 data. The sensitivity tests (or 1/8 GPM test
results) indicate that 1990 meter group 15 years through 20
years maintain approximately the same accuracy (see chart 5),
while the 1972 meter group drops in accuracy with age. The
reason that 1/8 GPM test accuracy tends to be greater in 1990
is that (1) thesé meters are newer (see footnote 1), (2) these
meters generally have plastic chambers which are designed such
that they can be fit at a tighter tolerance, and (3) these
meters generally contain a graphite-impregnated ball and

chamber that reduce friction, especially at low flows.

At the standard rate of 2 GPM, the average accuracy of the
1990 meter group shows a drop in each of the years through 19
years and then climbs in year 20 (see chart 6). The 1972
meter group shows no drop in accuracy versus age. We
speculate that in the 1990 study, a 15 year (actual age) meter.
with high mileage experiences greater wear on the plastic
chamber and parts than does the older brass chamber. This

greater wear allows for greater slippage and thus less

-accuracy at higher flow.
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4. Charts 10 through 21 show the predictable drop in accuracies

as age increases. Charts 22 and 23 summarize the effect of

mileage on accuracies.

Charts 24 and 25 are bar graphs of meter groups whose usage
fegistration varies from 100,000 cu. ft. to 700,000 cu. ft.

In the sensitivity test (1/8 GPM, chart 24) registration
continues to improve through 400,000 cu. ft. and then

declines through 700,000 cu. ft. The average accuracy for the
1/8 GPM test ranged from 78.7% to 85.6%. The 2 GPM test chart
(chart 25} indicates the average accuracy ranged from 98.8% to
99.8%. In both éases fluctuation of accuracy is minimal and

within our standards.

In studying charts 24 and 25, the effect of raising the
"change-out" mileage to 500,000 cu. ft. will make almost no
difference in the number of meters that would have failed
SLCWC standards. Note that both the 400,000 and the 500,000
éu. ft. curves croés the 65% line (chart 22) and the 98.5%
line (chart 23) at almost the same point. For this reason,
the "change-out" mileage could be changed from 400,000 cu.
ft. to 500,000 cu. ft. with no detrimental effect on metering

accuracy among SLCWC’s 5/8" meters.

The decision to increase the allowable mileage to 500,000 cu.

ft. will affect the frequency with which meters are called in

from the field, and it will also affect certain Meter Shop
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procedures. Currently, a meter that might otherwise pass tﬁé
short-use test will automatically go to "tear-down" if its
mileage is greater than 400,000. The recommendation of this

report is to raise that "trigger" to 500,000.

‘an important difference between 1972 and 1990 data is that the

age of the meter in the 1990 study was defined as "years since
last overhaul," while the age in the 1972 study was defined as
"vears since last set." The age defined as "years since last
set" means that in most cases the actual in-service age of the
meter was older than indicated. A study is continuing to look
at accuracy data fersus age using the "years since last set"
definition. This continuing study is evaluating meters with
both plastic and brass chambers, which are different than those
meters studied in 1972 which had all brass chambers. When
completed, we will be able to compare accuracy data on the same

style of meters for both age definitions.
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15 YEAR STUDY GROUP - 1990
1/8 GPM FLOW

Summation
quber of Cumulative of Total ¥ Reg.
Meters No. Meters Tested - % More Than
l§ 200 o 100 x
8 185 93 70
3 177 89 71
1 174 87 72
% 173 87 73
3 172 - : 86 75
1 167 84 76
2 166 83 78
; 164 82 7%
14 163 82 80
2 149 i3 81
1 147 74 82
1 146 73 83
2 145" 73 85
1 143 72 87
§ 142 71 88
46 136 68 90
§ 990 45 91
3 84 . 47 9z
3 79 40 93
i1 76 38 93
12 65 33 g8
gg 53 27 97
25 2G 15 985
4 4 2 99
* 8 Metersg dead.

~

Meters registered less than 65%. Average
registration for this group was 46.28%
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15 YEAR STUDY GROUP - 1990
2 GPM FLOW

' Summation
Numper of Cumuliative of Total % Reg.
Meters No. Meters Tested - % More Than

2 200 166 95
i 195 99 96,8
1 197 99 97.2
% 196 95 97.8
5 194 97 98
2 188 97 9§.2
1 186 94 98.4
g 185 93 98.8

13 183 93 98
2 170 83 99 .2
3 168 84 99 .3
% 185 83 99,4
6 163 82 99.5
6 187 79 35,6
8 181 76 99,7

1z 143 72 99.8

73 131 66 100

11 858 29 100, 2

12z 47 24 10G.3
2 35 18 100.4
f 27 14 10G¢.5
3 23 1z 100.6
5 20 LG 1306.7
1 15 8 100.8
9 14 7 101
2 5 3 101.2
2 3 2 101.5
1 1 .5 101.6
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16 YEAR STUDY GROUP - 1950
1/8 GPM FLOW

Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than

10 101 100 x
4 g1 90 61
4 87 86 70
2 83 82 71
1 81 80 72
1 80 . _ 79 75
1 76 78 78
3 78 77 80
3 75 T4 81
1 72 71 88
4 71 70 88
2 67 66 89
18 65 54 9g
4 47 - 47 91
1 43 43 92
1 42 42 93
8 41 41 35
9 33 33 36
10 24 . 24 37
11 14 14 95
3 3 3 99

* 3 Metersg dead

11l Meters registered less than 65%. Average
registration for this group was 50.27%
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16 YEAR STUDY GROUP -~ 1930

2 GPM FLOW
' Summation
Number of Cumulative of Total ¥ Reg.
Metersg No. Meters Tested - % More Than
1 101 100 95
1 100 95 95 .8
4 99 38 96
1 95 94 96.5
p 94 93 97
1 92 31 97.5
1 91 90 97.8
5 90 ' 89 95
3 85 84 98.5
6 82 81 99
2 76 75 9g¢.1
1 74 73 59,2
7 73 72 9.5
) 66 _ 65 99,6
3 60 59 9.8
340 57 56 100
3 27 27 10G.2
4 22 22 10G.3
6 18 18 100.4
Z 12 iz 100.5
3 10 10 100G.6
2 7 7 100.7
1 5 5 10G.8
3 4 4 101
1 1 1 101.2
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17 YEAR STUDY GROUP - 1990
1/8 GPM FLOW

s

. Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - & More Than

16 134 160 *
2 118 88 70
1 116 87 72
1 115 86 73
4 114 85 78
8 110 - . 82 80
7 102 76 81
L 95 71 84
1 94 70 86
1 93 69 87
3 9z 69 88
y 89 66 89

36 87 65 90
& 51 38 91
3 45 34 92
L 42 31 93
2 41 31 94
3 39 29 95

10 34 . 25 36
9 24 18 57

i1 15 11 98
4 4 3 59

10 Meters dead

6 Meters registered less than 65%. Average
regisrration for this group was 44.5%
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17 YEAR STUDY GRQUP - 1990

Z GPM FLOW
- Summation
Number of Cumulative of Total % Req.
Meters No. Meters Tested - % More Than
1 134 100 *
2 132 39 g5
1 131 98 96
1 130 97 97
3 129 96 87.5
4 126 94 98
Z 122 91 98.8
1 120 ' 9Q 95.9
8 119 89 99
2 111 : 853 99,1
Z 109 81 99.2
1 107 80 99.3
pA 106 76 95 .4
6 104 78 96 .5
6 98 73 99 .6
5 92 698 99 .7
3 87 65 96.8
2 84 63 99.9
49 82 61 100

3 33 ' 25 100.1
2 30 22 100.2
3 28 21 - 100.3
7 25 19 100.4
3 18 ' 13 100.5
4 15 i1 10G.86
A 11 8 100.7
4 g 7 101
2 5 4 101.2
1 3 2 _ 101.5
2 2 1 102

»

1 Meter dead
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18 YEAR STUDY GROUP - 1990
1/8 GPM FLOW

Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than

21 165 100 *
11 144 87 70
2 133 81 71
1 131 80 7z
5 130 79 75
1 125 76 77
3 124 : 75 78
12 121 73 80
2 109 66 81
2 107 65 82
3 105 64 85
1 100 61 86
) 99 60 88
2 93 56 89
30 91 55 90
7 6l 37 91
1 54 33 9z
1 53 32 93
13 52 32 95
16 39 24 96
10 23 14 97
10 13 8 98
3 3 2 99

* 12 Meters dead

9 Meters registered less than 65%. Average
registration for this group was 39%
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18 YEAR STUDY GROUP - 1990

2 GPM FLOW
_ ) Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested -~ % More Than
4 165 100 *
3 16l : 98 96
Z 156 95 97
2 154 93 397.5
1 152 9z 97.8
4 151 9z 98
1 147 89 98.3
1 146 ' 88 " 98.5
9 145 88 99
3 136 82 99,2
3 133 g1 99 .4
5 130 79 99.5
7 125 76 9.6
8 118 72 99,7
6 110 57 99.8
45 104 63 100
12 59 36 100.2
3 47 28 100.3
10 44 27 100.4
11 34 21 100.5
5 23 14 100.7
2 18 11 100.8
8 16 10 101
2 8 5 101.2
Z 6 4 101.4
2 4 2 101.8
2 2 1 102

»*

3 Meters dead
1 Meter registered 84.5%
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19 YEAR STUDY GROUP - 1990

1/8 GPM FLOW

Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than
29 259 100 *
3 230 89 70
2 225 87 71
3 223 86 72
Z 220 85 74
5 218 84 75
2 213 82 77
4 211 81 78
1 207 80 79
10 206 80 80
8 198 76 Bl
3 188 73 BZ
2 185 71 83
2 183 71 84
Z 181 70 86
3 179 69 87
g 173 67 88
4 167 64 89
44 163 63 90
20 119 46 91
g 99 38 92
5 90 35 93
1 85 33 94
12 84 32 95
22 72 28 96
is 50 19 97
19 32 12 98
13 13 5 99
*

14 Meters dead

15 Meters registered less than 65%.
registration for this group was 45.73%

34
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19 YEAR STUDY GROUF - 1990

2 GPM FLOW
: Summation
Number of Cumulative of Total t Reg.
Meters No. Meters Tested - % More Than
4 259 100 x
5 255 38 =T
4 250 97 97
1 246 95 97 . 4
3 245 95 97.5
Z 242 93 97 .5
8 240 93 98
p 232 990 98.5
2 230 59 98.6
3 228 85 98.7
19 225 87 99
3 206 80 39,2
2 203 78 99 .3
6 201 78 99 .4
9 195 78 995§
5 186 72 39 .6
15 181 70 9g .7
6 166 64 99 .8
3 160 62 99 .9
66 157 61 100
4 91 35 100.1
7 87 34 100.2
7 80 31 100.3
6 73 28 100.4
10 67 26 100.5
8 57 22 100.5
10 49 19 10G.7
5 39 15 100.8
18 34 13 101
7 16 6 101.3
5 9 3 101.5
4 4 2 102

4 Meters dead
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20 YEAR STUDY GROUD - 19390
1/8 GEM FLOW

_ A Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested ~ % More Than
34 237 100 x
13 203 86 70
4 199 80 71
2 186 78 72
2 184 78 73
5 182 : 77 .75
1 177 75 78
15 176 74 80
3 161l 68 81
1 158 87 82
1 157 66 83
1 156 66 84
11 185 65 85
4 144- 6l 86
3 140 5% 87
11 139 58 88
g 126 83 89
47 122 51 90
5 785 . 32 91
4 70 30 9z
2 56 28 93
17 64 27 95
18 47 20 96
10 29 12 97
14 19 8 98
5 5 2 99

L3 9 Meters dead

25 Metgrs registered less than 65%. Average
registration for this group was 49,2%
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20 YEAR STUDY GROUP - 1990

2 GPM FLOW
- Summation
Number of Cumulative ocf Total % Reg.
Meters No. Meters Tested - % More Than

2 237 100 95,2

4 235 389 96

2 231 97 g7

2 229 97 97.3

3 227 96 97.58

1 224 96 97.6

4 223 94 9§

4 219° ' 32 98.5

5 215 91 98.7
21 210 89 99

1 189 80 99.1

5 188 79 99.2

3 183 77 99.3

5 180 76 99 .4
14 175 74 99.5

9 161 68 99.6
13 152 64 99.7

4 139 59 99.8
60 135 57 100
11 75 32 100.2

6 64 27 100.3
13 58 24 100.4
12 45 19 100.5
10 33 14 100.6

3 23 10 ‘ 100.8

6 18 8 101

S 12 5 101.2

4 7 3 101.4

1 3 1 101.7

2 2 1

102

190
39



066L HAGWIAON - ¢¢ LHVHO
%G9 HIAO *IONVH IT9dVLd3OOV

dNOH® "1L4'NO 000009 o
dNOH® "L4'NO 000009 dNOH® "L4'ND 000'00y +

SHAL3IN TVIOL %

0oL 06 0B oL 09 oS oy oe 0c oL 0
X I , ¥ I T T T 09

“_, g9
prepumig ‘Uji¥ OMOTS

dnoib 189) 8[Y) U} &1213 | 220}

00l

% - NVYHL 3HOW NOILvHLSID3Y

1S3L 'Wd'D 8/
dNOYH AANLS IDVYSN "1L4'ND 000°009/005/00%

19

40



0661 HA4dWNIAON - £¢ LHVHO
%LOL - %586 ‘ADNVYYH I1dVLd3O0OV

dNOH® "LJ4'NO 000'009

dNOH® 'L4'ND 000009 4 dNOH® ‘L4'ND 000'00F .

SH3IL3INW TTVLOL %
00l 06 08 04 09 0S oy ($15 0c ot 0

{ i ! I i ] |

PTIEPUETS UTH DM 15

o« L Ol

dnoJb 183} Sy} U} 81319 W 2C0L pispuelgs "XBW OMDIS 201

% - NVHL JHOW NOILVH1Si934

1831 'WdD 2
dNOYH AdNLS IHDVSN "L4'ND 000°009/005/00F

19

41



0661 HIEAWIAON - & LHVHO

%G9 HIAQ ‘JONVH 318vLd300V

1831 NI §HILIW ON[Z  AOVHNOOV IOVHIAY Il

(CLd "NO W) TNYHHIAO LSV JONIS IBVEN
004 009 00% oor 00% 00e 00t

0

001
008
008
o0¥

00%

...........

...........

.................

piEpuRig “UIN 3MITS

009

1831 NI 8HI1IW HIAWNN

AOVHNOOV %

1831 'Wd® 8/
ADVHNOOV % "OAV OL d3HVdWOOD JDVSN

410

06

193

42



0
00}
003
008
00¥

006G

0661 HIGW3AON -~ &2 LHVHD

%LOL - %G'86 ‘JONVH 31avLd300V

183L NI §HILIW ONE=]  AOVHNOOV AOVHIAY Il

.........

L4 N9 W) TNYHHEIA0 LSV 3ONIS 3Oven
o0V

009

............

............

............

..............

00%

008

......

............

............

......

......

------

-----

.....

piEpuEg “XEHN JMITE

.....

.....

.....

002

.....

-

0oL
o 56

- 96
-+ L8

86

..........................

o0l

009

1831 Ni SH3 1L3W HIGWNN

1831 Wd® &

ADVHNIOV %

AQVHNOOY % DAV OL d3HVdNOI A9VS

001

101

<

19

43



0
001
008
008
oo¥
008

009

0661 HIEBWIAON - 98 LHVHD
%G9 HIANN S8H3L 3N

1831 NI SH3IL3IW 'ON[FZ 3T1EavLd300V LON % Il

(L4 "ND W) TNVHHIAO LSV IONIS JOveN
00Z 009 008 O0OF 008  00B

ov

1831 NI 8HIL3W HIBWNN 378VLd300V LON %

L83l ‘Wd® 8/1
AOVHNOOV % DAV Ol dIHVdNOO JDVSN

195

4 &



0
0ok
003
008
oor
008

009

0661 HIEW3IAON - L& LHVHO
%l0L - %586 *JONVH 2718VLd300V

1§3L NI S8HIALIW "ON[Z=] 37aVLdIDOV LON %

(L4ND W) TNVHEHIAO L8V 1 JONIS HY3A
0oL 009 00§ ooy 00¢ 00z 00l

O¢

L1831 NI 8H3 L3N "ON J18vLd3TIY LON %

1831l 'Wd® &
ADVHNIIY % ADOVHIAY OL dIHVdNOD FDVSN

196

45



0661 HIEGWIAON - B2 LHVHD
%G9 HIAQ FJBNVH 3718¥1Ld300V

BNISBVd %

SHILINW TVIOL %

00L 06 08 0z 09 0¢ or o€ (41 Ol 0
_ 1 T 09

25 )
04

| i | I | i

pispung "IN JMII8

Gl
o8
123° 1
06
G6
00t

% = NYHL 3HOW NOilvH18IB3dH

1831 ‘Wd® 8/1
dNOYD AANLS IADVSN "Ld 'NO 000001

197

46



0661 HIGWIAON - 6 LHYHO
%L0L = %G 86 *IONVH 378VLdI00V

BNIS8Vd %

SHILEIW TVLOL %

001 06 #h:) 0f 09 0% ov o€ 41 Ol 0
, : 210

196

- £6

86

piepumnig "UiN JMJ18

-
..................................................................................................................................

66

................ oo—.

.......................................................

Lo}

piEpuRigs "XEN QM8

A8

% = NvHL JHOW NOILVHLEIB3IH

1831 Wd®B @
dNOH®D AdNLls 30vVsn "L4 ‘N 00000}

98

—

47



100,000 CU. FT. USAGE STUDY GROUP -~ 1990

1/8 GPM FLOW

Summation
Number of Cumulative of Total % Reqg.
Meters No. Meters Tested - % More Than

25 313 100 " *
3 2858 91 7 6G
1 282 90 69
13 281 30 70
5 268 86 71
6 263 84 72
9 257 82 75
7 248 74 78
i4 241 77 80
9 227 73 81
7 218 70 82
10 211 67 85
7 201 64 86
9 164 62 88
7 185 59 89
60 178 57 30
i1 118 38 91
6 107 34 9z
o) 101 32 93
13 96 31 95
28 83 27 96
17 55 18 97
20 38 12 98
18 18 6 99

* 18 Meters dead

10 Meters registered less than 65%.

Average

registration for this group was 44.8%
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106,000 CU. FT. USAGE STUDY GROUP - 19290

2 GPM FLOW
sSummation
Number of Cumulative of Total % Regq.
Meters No. Meters Tested - % More Than

2 313 100 *

1 311 99 95.5

2 310 ' 99 96

4 308 98 . 97

2 304 97 I 97.3

2 302 36 97.7

7 300 96 98

2 293 ' G4 98.3

2 291 93 98.5

2 289 93 98.6

4 287 9z 98.8
21 283 30 9g

2 262 84 99.1

2 260 83 99 .2

2 258 82 99.3

5 256 82 99.4
12 251 80 99,5

8 239 76 99.6
24 231 74 99 .7

9 207 66 99.8
54 198 63 100

3 144 46 100.1
14 141 45 100.2
11 127 41 100.3
15 116 37 100.4
22 101 32 100.5
13 79 25 100.6
11 66 21 100.7

2 55 18 100.8
19 53 17 101
13 34 11 101.2
14 21 7 101.5

7 7 2 102

* 2 Meters dead

21 Meters registered less than 98.5%. Average
registration for this group was 97.45%
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200,000 CU. FT. USAGE STUDY GROUP - 1930
1/8 GPM FLOW

Summation
Number of Cumulative of Total % Reqg.
Meters No. Meters Tested - % More Than

46 412 100 y %
5 386 93 i 60
12 360 87 70
3 348 84 71
3 345 84 72
7 342 83 75
5 335 ) 81 78
30 330 80 80
7 300 73 81
4 293 71 82
2 289 70 84
8 287 70 85
5 279 67 87
15 274 ‘ 67 88
84 259 63 30
28 176 43 91
18 148 36 92
4 130 32 33
28 126 31 95
35 38 24 96
12 63 15 97
33 51 12z 98
18 18 4 99

* 25 Meters dead

26 Meters registered less than 65%. Average
registration for this group was 44.9%
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200,000 cU. PFT. USAGE STUDY GROUP - 1990

2 GPM FLOW
Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than
2 412 100 %
4 410 100 95
9 406 99 » 96
6 397 96 Ty e 97
3 391 95 : 97.5
10 388 94 98
4 378 92 98.5
2 374 91 98.6
28 372 90 939
10 344 83 95.2
3 334 ’ 81 ' 99.3
9 331 80 99.4
17 322 78 99.5
9 305 74 99.6
18 296 72 9.7
9 278 67 99.8
3 269 65 99.9
111 266 65 100
4 155 38 100.1
17 151 37 100.2
11 134 33 100.3
23 123 30 100.4
22 100 24 100.5
14 78 19 100.56
9 64 16 100.7
8 55 13 100.8
18 47 11 101
4 29 7 101.2
4 25 6 101.3
4 21 5 101.4
3 17 4 101.5
7 14 3 101.6
7 7 2 102

*

2 Meters dead

3Z Meters registered less than 98.5%. Average
registration for this group was 96.88%
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300,000 CU. FT. USAGE STUDY GROUP - 1990
1/8 GPM FLOW

Summation

Number of Cumulative of Total % Regq.
Meters No. Meters Tested - % More Than

37 374 100 - *
6 337 90 U 60
5 331 89 65
16 326 g7 70
5 310 83 72
3 305 82 73
5 302 _ 81 _ 75
27 297 79 80
7 270 72 81
4 263 70 82
11 259 69 85
2 248 66 86
4 246 66 . 87
17 242 65 88
3 225 60 89
70 222 59 90
15 152 41 91
6 137 37 93
40 131 35 95
91 24 24 96
25 56 15 97
21 31 8 98
10 10 3 99

* 10 Meters dead

27 Meters registered less than 65%. Average
registration for this group was 45.52%
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300,000 CU. FT. USAGE STUDY GROUP - 1990

Z GPM FLOW
, Summation
Number of Cunmulative of Total % Reg.
Metars No. Meters Tested - % More Than
1 374 100 %
7 373 140 96
1 366 98 e 97
- 4 365 98 97.5
16 36l 97 98
6 345 97 98.5
3 339. 91 95.7
4 336 90 98.8
38 332 89 99
5 294 79 99 .3
19 289 - 77 99,5
1z 270 72 99.6
g 258 69 99 .7
16 249 67 99 .8
3 233 62 99.9
135 230 62 100
12 95 25 100.2
8 83 22 100.3
20 78 20 100.4
14 55 15 100.5
3 41 11 100.86
7 38 10 100.7
4 31 8 100.8
19 27 7 101
2 8 2 101.3
3 6 2 101.4
1 3 .8 101.7
2 2 .5 102
x

1 Meter dead

28 Meters registered less than 98.5%.
registration for this group was 97.3

57

Average
6%
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400,000 CU. FT. USAGE STUDY GROUP - 1990
1/8 GPM FLOW

Summation

Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than

47 552 100 *
6 5058 31 60
3 499 99 65
16 496 30 70
8 480 87 71
4 472 86 73
7 468 85 75
5 461 84 78
27 455 82 80
7 428 78 81
3 421 76 82
19 418 76 85
5 399 72 87
19 394 71 88
4 375 68 89
12 371 67 90
15 251 45 91
7 236 43 g2
5 229 41 93
60 224 41 95
57 164 30 96
48 107 15 g7
48 59 11 98
11 11 2 99

¥ 7 Meters dead

46 Meters registered less than 63%. Average
registration for this group was 45.832%
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400,000 CU. FT. USAGE STUDY GROUP - 1990

2 GPM FLOW
Summation
Number of Cumulative of Total % Regq.
Meters No. Meters Tested - % More Than
1 552 100 *
3 551 100 g5
10 548 99 96
3 538 97 97
) 535 97 97.5
22 526 95 98
5 504 91 38.5
5 499 90 98.8
47 494 89 99
9 447 81 99.2
8 438 76 99.3
] 430 78 99 .4
19 425 77 39,5
31 406 74 99.6
17 375 68 99,7
23 358 65 99.8
180 335 61 100
34 155 28 100.2
g 121 22 100.3
25 112 20 100.4
14 87 i6 100.5
10 73 13 100.6
15 63 11 100.7
7 48 9 100.8
23 41 7 101
4 18 3 101.2
9 14 3 101.5
5 5 .9 102
* 1 Meter dead
47 Meters registered less than 98.5%. Average

registration for this group was 97.2
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500,000 CU. FT. USAGE

STUDY GROUP - 1990
1/8 GPM FLOW
Summation
Number of Cumulative of Total £ Reqg.
Meters No. Meters Tested - % More Than

16 181 100 *
2 165 91 | 60
9 163 90¢ 27 70
3 154 85 T2
6 151 83 75
2 145 80 76
3 143 79 78
12 140 77 80
5 128 71 81
4 123 68 86
4 119 66 88
45 115 64 90
6 70 39 91
3 64 35 95
15 61 34 95
17 45 25 96
10 29 16 97
18 19 10 98
1 1 .05 399

*

3 Meters dead

15 Meters registered less than 65%.

Average

registration for this group was 3§.92%
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500,000 CU. FT. USAGE STUDY bROUP - 1990

2 GPM FLOW
Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than
1 181 100 95.4
4 180 99 eyl 96
2 176 97 i 96.8
1 174 96 97
5 173 96 97.5
8 168 93 95
2 160 : 88 : 98.6
10 158 87 99
6 148 82 99 .4
10 142 78 99.5
3 132 73 99.6
6 129 71 99,7
5 123 68 99.35
76 118 65 100
10 42 23 1G60.2
4 32 18 100.3
9 28 15 100.4
5 19 10 100.86
3 14 8§ 100.8
7 11 6 101
3 4 2 101.5
1 1 .5 102

2zl Meters registered less than 98.5%. Average
registration for this group was 97.45%
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600,000 CU. FT. USAGE STUDY GROUP - 1990
1/8 GEM FLOW

Summation
Number of Cumulative of Total % Regqg.
Meters No. Meters Tested - % More Than
13 73 100 *
3 60 82 70
1 57 78 71
4 56 i 80
1 52 71 81
1 51 70 88
13 50. 68 30
1 37 51 91
6 36 49 95
9 30 41 96
9 21 29 97
11 12 16 98
1 1 1 99
* 7 Meters dead

5 Meters registered less than 65%.
registration for this group was 46

68

Average
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600,000 CU. FT. USAGE STUDY GROUP -~ 1990

4 GPM FLOW
Summation
Number of Cumulative of Total % Reg.
Meters No. Meters Tested - % More Than
1 100 100 %
2 99 99 96
3 96 96 97
4 92 92 97.5
4 86 86 98
1 81 81 98.3
4 79 79 98.6
10 74 74 99
2 60 60 99.3
3 58 58 99.5
3 53 53 99.7
4 49 49 99,8
27 44 44 100
2 7 7 100.2
2 4 4 100.86
1 1 i 101
* 1 Meter registered 84.5%
14 Meters registered less than 98.5%. Average

registration for this group was 97.3

69
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760,000 CU. FT. USAGE STUDY GROUP -~ 1990
1/8 GPM FLOW

Summation

Number of Cumulative of Total % Reqg.

Meters No. Meters Tested - % More Than
5 29 100 *
1 24 83 640
1 23 79 80
1 22 75 85
2 21 72 88
4 19 66 90
1 15 . 52 91
1 14 48 9z
2 13 45 93
3 11 38 95
3 8 28 96
2 5 17 97
2 3 10 a8
1 1 3 99

»

3 Meters dead

3 Meters registered less than 65%. Average
registration for this group was 48%
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700,000 CU. FT. USAGE STUDY GROUP - 1990

2 GPM FLOW
Summation
Number of Cumulative of Total % Regq.
Meters No. Meters Tested - & More Than
1 29 100 *
1 28 a7 96
2 27 93 97.6
2 25 B6 98
1 23 79 98.7
1 22 76 99
3 21 ' 72 99,5
2 18 62 89.56
2 ig 55 99.8
11 l4 48 100

2 3 10 100.3
1 1 3 101

* 1 Meter dead

5 Meters registered less than 98.5%. Average
registration for this group was 97.44%
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APPENDIX A

COLLECTION OF DATA:

The data for this study was collected from June through September
1990, each day ten to fifteen 5/8" meters would be pulled at
random and the history of those meters investigated to find the
last overhaul date. The data was recorded in the following way.
Meter Number

Year of Last Overhaul

W N =

Mileage on Meter

4. Test Performance at 1/8 GPM & 2 GPM

There was no effort made in any way to control the number of
meters coming into the Meter Shop for any specified service plan.

All meters were accepted as normal, routine, everyday operating

procedures dictated.

At the time we made this study the Company was in the process of a
major 15 year meter change program, this was a prime time to find

ocut how well our meters were performing since many of the meters

were in service for 20 to 25 years.

The sampling of the meters selected was random and unbiased.

Listed below is the number of meters used in this study, first by

vears in service, second by total mileage recorded on the meter. -
74



Total

Service

Years 15 16 17 18 19 20

No. of 5/8"

Meters 200 101 ;34 165 259 237 1096
Mileage

(M Cu. Ft.) 100 200 300 400 500 600 700

No. of 5/8"

Meters 343 412 374 552 181 r3 29 1934

Test Standard:
St. Louis County Water Company uses the following standard to allow
incoming meters to be returned to service:

Accuracy must be between 98.5% - 101% @ 2 GPM

Accuracy must be over 65% @ 1/8 GPMx

*Normal industry standard for sensitivity testing is 1/4 GPM.

There were 1934 meters in this study. Some of the meters in this
study were under fifteen years of age, also many of the meters were
over twenty years of age which put them out side of the study
parameters. For this reason, there is a smaller number of meters in

the "Years" study group than in the "Mileage" study group.
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Year

No.

APPENDIX B

HISTORICAL RECORD

SYSTEM GROWTH - VERSUS METER CHANGES

Meters
In Service

(All Meter Sizes)

Meter
Growth

Changes
Made

76

As of Jan. 1 During Year During Year
1972 223,131 4,919 2,206
1973 228,052 4,589 4,286
1974 232,641 3,005 8,566
1975 235,646 2,906 7,913
1976 238,552 4,644 8,680
1977 243,196 4,778 6,617
1978 247,974 4,841 6,762
1879 252,815 4,149 9,567
1980 256,964 1,915 14,575
1981 258,879 1,772 16,099
1982 260#651 1,234 14,463
1583 261,885 2,569 11,184
1984 264,454 2,921 7,237
1985 267,375 3,115 5,651
1986 270,490 3,866 7,912
1987 274,356 4,431 6,617
1988 278,787 4,450 8,760
1589 283,237 2,506 11,680
1990 285,743 3,329 17,853
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