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- STATE OF MISSOURI 

PUBLIC SERVICE COMMISSION 

'! ,_ 
; ~ j < ; "' ; 1,,. .... Union Elec::tric Company 

Application for relief from 
certain of the requirements 
of Rule 32 of General Ord.er 
No. 20 

No. Jl.I'B 

APPLICATION 

COMES NOW, Un:.on Electric Company, pursual1Lt to Section 

393. 160 of R. S. Mo. and Rule 32 of the Commission's General Order 

No. 20, as amended and :,~equests an order authorizit1g U: to modify its 

testing of certain watthour meters, and in support there:of states as 

follows: 

I. Applicant Unie:n Electric Company is a corpc,ration organized 

and existing under the lav.rs of the State of Missouri, llli.110is and Iowa 

and has its principal offices at 1901 Gratiot Street, St. Louis, Missouri 

63166. It is engaged as a. public utility in electric and steam heating 

businesses in the State of Missouri, in electric business in Iowa and 

electric and gas business,es in the State of Illinois. Applicant is a pub-

lie utility subject to the jurisdiction of the Missouri Public Service 

Commission. 

2. Communications in regard to this application. should bt~ 

addressed to William E. Jaudes and Thomas C. Palmer, Atto1•neys for 

Applicant, 1901 Gratiot Street, St. Louis, Missouri 63166. 

3. Unless otherwlse ordered by the Commission, Rule 32 of 

the Commission's Genercl Order No. 20 requires that induction type 

watthour meters not exceeding 50 amperes and manufactured afte.r 

I 
1927, but before 1937, bE tested every 96 months. Said meters 

manufactured since 1937 nust be tested every 240 months. Applicant 

hereby seeks approval to be relieved from full compliance with Rule 32 



of General Order No. 20 specifically as described herein and in 1;up-

port thereof states as follows: 

A. Throughout the years manufacturers of electric 

watthour meters l'lave incorporated significant design 

improvements resulting in more stable operating and 

accuracy characteristics, including marked improvement 

in temperature c•>mpensation and overload characteristics. 

Applicant propos·~s that all single-phase in-service meters 

with a manufactu:1~ed date prior to 1937 be classc~d as 

"obsolete" and remain on the present testing schedule under 

Rule 32 or be replaced with modern meters as e=xpeditiously 

as is economical. Further, it is proposed that all single-

phase in-service meters referred to in Paragraph 3 of 

Rule 32 as amended on September 21, 1959, that is all 

induction type meters manufactured during or since 1937, 

be classed as "modern" and become exempt in c:ertain 

respects from the· requirements of the Commission's 

Rule 32 of General Order No. 20. 

B. Applicant proposes to adopt in lieu of thl:l lOOo/o periodic 

testing procedure now applicable to "modern" meters, a plan 

whereby the quality (accuracy of registration) o£ all such 

meters will be es·:ablished by sample testing, using modern 

standardized statistical sampling procedures. 

c. As of DecHmber 15, 1972, Applicant had in Missouri 

some 673, 330 ins :alled watthour meters of vari•ltUI types and 

ratings, of which 657,650 were "modern" single .. phase meters 

of four manufacturers (Appendix 8 to Exhibit B mpecifically 

detaib the meter types classed as "modern", aU of which 



e e 
were produced in 1937 or later). It is proposed that the 

sample testing procedure be confined to this grC)llp of meters. 

D. The sampling plan as proposed will insure with.a con-

fidence level of 95i% that not more than 2. 5% of n1eters in 

se:rvice will deviate from 100% accuracy of registration by 

more than plus or minus 2. 0%. (See Exhibit A - For com-

plate description ·~f plan. ) 

E. Full compliance with Rule 32 of General Order No. 20 

requires that petitioner test approximately 32, 882 in-service 

m•eters annually a.t an a1mual cost of approximatE~ly $190, 000. 

It is estimated that a substantial portion of this t:esting cost 

can be saved while at the same time improving the overall 

quality of the present single-phase meter system. by direding 

concerted efforts towards testing distorted meter groups and 

isolating these distorted groups in a much smaller time 

frame than is required by the present meter testing program. 

That is, inasmuch as the number of annual sample tests is 

appreciably less than with the current 20 year te:st plan, con-

siderable time and money is available forth£\ maintenance of 

distorted meter groups discovered by the propos:ed sampling 

procedure. The operation of the sampling plan would, over 

a period of time, give more explicit and accurate information 

about the performance of meters and would result in a sm.aller 

percentage of meters in service pedorming c>utside the 

tolerance limits than h possible with a program, of lOOo/o 

testing. 

F. The proposed sampling plan shall clauify the 651, 650 

"modern" meteru by manu!acturer and type into 19 groups and 



... further divide each group into 10 lots accordin,., their 

previous test date whereby approximately 1/10 o.f each group 

will be analyzed for accuracy each year. These lots will vary 

in size from a minimum of 786 meters to the largest lot of 

77:39 meters (based on meters in service on Dec4~mber 15, 

1972). After 10 years the total modern meter system will 

have been reviewed. Once each year a representative random 

sample will be drawn from the lot with the oldest previous 

test date in each c1f the groups in accordance with standard 

sampling plans designed and applied, utilizing the mathematical 

principles of Statistical Quality Control as set forth in pub­

lished standards of the United States Military establishments 

and other governrnent agencies. 

G. The proposed sampling plan contemplates the use of 

either of two sampling methods. One is of the "attributes" 

type. The other :ls the "variables" type, which depends upon 

the distribution of accuracy data as disclosed by the sample. 

All meters in the sample groups will be field tested for 

accuracy of regiE•tration, which is referred to as the "as 

found test". The test will be made at 10% and at 100% of 

meter nameplate rating. The "as found" accuracy will then 

be calculated as the weighted arithmetic mean of these two 

readings, where the weighting factor ratio of the lOO'Yo rating 

to the 1 Oo/o rating is 4 to 1. If analysis of the tests in a 

specific group show that meter accuracy data conforms to 

a normal distribution and that the performance of the group 

meets the specifications a.s set forth in paragraph D, no 

further sample testing will be done on the meters in that 
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grc•up until the f~>llowing yea:r. If analysis of the tests show 

that the distribu-tion of meter accuracies within a group is 

not 11ormal, additional field tests will be made, if necessary, 

utillizing the prbciples of "attributes testing" to determine the 

acc:eptability of the group. (Exhibit A discusses sampling 

plans utilizing the "variables" and "attributes" principles). 

H. In either case, any lot or group of meters found to be 

distorted and not meeting the performance specifications as 

set forth in paragraph D, will be disposed of by one of two 

possible procedures. We shall test all meters in the group or 

retire the group with new meter replacements. (Exhibit A 

discusses the first option). Economic considerations, including 

ag<~ of meters, will be factors determining which course to 

follow. If a retirement plan is selected, it will be designed 

that the quality level of the group will be at least as good as 

tha.t produced by testing all the meters on an accelerated level. 

That is, the rate of retirement will be at least equal to the 

rate at which rneters come due for test on the accelerated 

testing program as set forth in L.':hibit A. 

4. In October of 1972, Applicant completed a survey of meter 

accuracies of its Mis~ ouri meters using sampling techniques sitnilar to 

that described above. The sampling technique differed with that described 

above by using 16 gro11ps of mete:rs that were devided iltto 8 lots each. 

Every other aspect of the test rema.ined as described in the preceditlg 

paragraphs. Utilizin~; IBM data processing equipment, sample test cards 

were derived from ea.:h of the 16 groups of meters, according to their 

oldel5t previous tut date, followed by appropriate fleld testing to determine 

the "as found" accuracy and a statistical analydi5 of the te1t :results. 
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The preliminary, experimental S'I.:Lrvey revealed several cha,cteristics 

of the meter population deemed to be significant in the operation of the 

sampling plan. It has precisely s.hown where the great bulk of main-

tenance effort should be expended - obviously to those meter groups 

that failed to meet the s·candards of the sampling plan as proposed herein. I 
The standard of performance of the proposed sampling plan specifies ! 

I 
: 

that not more than 2. So/o of in-service meters shall have accuracies of 

registration beyond the limits oi 98% to 102%. (The results of the survey 

are presented in detail in Exhibit B). 

WHEREFORE, Applicant requests that this Commission enter an 

order granting permission, consent, approval, and authority to Applicant 

to adopt the procedure outlined herein for the periodic testing of in-service 

single-phase watthour meters, not having associated demand meters, 

and with capacities up to and induding 12 kva. 

Dated at St. Louis, Missouri this f) I fl·f day of 

UNION ELECTRIC COMPANY 

By Ji;;;-1-w. ~ 
Vice Presid~, _..,. 



STATE ~,MISSOURI 

CITY OF ST. LOUIS 
ss 

Comes now S. W. Smith, a Vice President of Union Electric 

Company, Applicant herein, and states that the facts stated in the fore-

going AppHcation are true and correct to the best of his knowledge and 

'belief. 

Subscribed and sworn to bt~fore me this ~ 1¢' day of 

'I 

My Commission expires .... -hpnaa''?pt .Xj tj.Z' • 
& ; 

7~ ... ~r.~~ 
Thomas C. Palmer 

Attorneys for Union Electric Company 
1901 Gratiot Street 
St. Louis, Missouri 63166 
(314) 621-3222 



.. t .• 

EXHIBIT A • 
Techn:ical Description of Proposed Method 

For the, Sample Testing of In-Service M!:~ 

1. During World War II the application of rnathemati<:al tech-

niques a1ntd laws of probability to problems of testing and inspection re-

sulted in the wide adoption of sample testing methodn as an economic.a.l 

substitutE~ for and which would produce equivalent re.sults of 100 per 

cent testing. The proposal of Petitioner herein is ar1 adaptati<>n of these 

sample t·e:sting methods to meter testing problems ue1ing fully developed 

and widely recognize·d mathematical standards, prindples and rules 

which can be found in standard t·exts and statistical sampling tables, De-

tails of it:s application and its expected operation are taken fr01n Military 

Standard~1 MIL-STD-414 which describes plans utilizing the variables sam-

pling technique and MIL-STD-1050 which describes plans utilizing the 

attributes sampling technique. 

Z. The purpose of using the sample meter testing method is: 

A. To determine thE! quality level of each specific meter 

class by providi.ng a reliable estimate of the percentage of met.ers 

in each meter class lying outside the specified c:c>ntrol limits of 

accc~ptable accuracy of registration. 

B. To provide information relating to the performance 

of those meters of various types where the meter accuracy is not 

up t•> the specified quality level and thus provide for a basis of 

periodic testing or planned t•etirernent of those meters which do 
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not conform to ar:. acceptable quality level. 

3. 'Thte sample meter testing plan herein described shall be used 

with those single-phaue watthour n1eters manufactu.red during and sinc•e 

1937, not E!xceeding 12 KV A rating, which are presently being used in 

the CompaLny's Missouri operations. This cut-off datEn i~ chosen bt}cause 

beginning in 1934 the :manufacturers pf electric watthmu meters incor-· 

porated into their meters significant improvements di:r~ected towards a1t-

·tain:ing mo:re stable operating and accuracy characteristics, suc:h as in:1-

1proved ternperature cl)mpensation and overload characteristics. However, 

193? is silrnply more convenient for Union Electric to 11nake a meter division. 

'The:refore, the meterJ; that were rr.tanufactured prior to 1937, he~ rein re-

!erred to as "old meters", will rernain on their present test schedule until 

such time as they are replaced by "modern meters". Those meters which 

were manufactured during and since 1937, hereinafter referred to as "modern 

1neters11
, are the greater proportion of the Company's meters in service in 

Missouri (a.s of December 15, 1972, some 657,650 of the Company's 673,330 

tneters of this type were "modern rneters"). 

4. The Company wil~ classify its "modern meters" according to manu-

facturer and type. A.s of December 15, 1972, there were nineteen groups 

~aryin_g in si2;e from 7, 865 to 77, 387 meters. (See Appendix 8 to Exhibit B 

for a detailed breakdown of size of meter groups as of December 15, 1972.) 

These meter groups a ·e further divided into ten lots a•:cording to their 

previous tE!st date so that one-tenth of ea.ch group will be sampled for testir&g 
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each year, where at the end of ten ye~ars the entire single phase rnet:er 

system described in the main body will have been reviewedi the cycle 

is thEm repelatc~d. 

5. E:ach year a representative~ random sample will be selE:cted 

from the lo1t with the old 1~st previous test date in each of the groups in 

ac:cordance with standar<l sampling plans utilizing the n1athematical prin­

ci.plen of St;a,tistical Quality Control as set forth in pubHshed standards of 

the United States Militar~r establishment and other governmental agencies. 

The size of the sample will depend Olll the size of the lo1t it will represent 

(the sample: sizes of the .. ot of the nineteen groups as of December 16, 1972, 

vary :from 30 t:o 50 meters). All the meters in the sam.ple groups will be 

tested for accuracy of registration. Such tests will be n1ade at 10 per cent 

and 100 per cent of the meter nameplate rating. The "as found accuracy" 

will be calculated as the weighted arithmetic mean of the two readings. 

That is the mE~ter registration at 100 per cent will be nmltiplied by four 

and added to the meter n:gistration at 10 per cent. This value is then divi­

ded by five to determine the weighted mean value. 

6. The sampling plan selected is one that will insure that not more 

than 2. 5 per cent of then eters in service will deviate from 100 per cent 

accuracy of registration l:y more than plus or minus 2 per cent. The field 

data will be analyzed by a:)plication of the "chi-square" test to determine 

whether or not the distrib .ttion of accuracies is statistically normal. The 

data from a. sampling sho'.<ling a normal distribution will permit the determina-
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tion of th4:: percentage of meters in the group sampled that are outside of 

the control limits of ph.s or minus 2 per cent. Reference to Table B-3 

of MIL-S'I'D-414 (Apperdix 1 to Exhibit A) shows that for a sample size 

of 50, the: number of di:'ltorted units in the sample must not exct::ed 5. Z 

per cent t:o maintain a lot quality level of Z. 5 per cent. Mete:r lots in 

l 
j 
J 

a group that meet the quality level specifications will have no further 

tests made on them dur:ing the next ten years, but the next lot with the 

~ 

oldest prE~vious test date in that group will be sampled in the following 

year. Me:ter lots that c1,.re shown to be distorted will oither be placed 

on a 100 per cent acceb~rated test program or retired and replaced with 

modern m~~eters on an a:::celerated replacement program. 

7. The accelerated program consists of dividing the meters in the 

lots into f,Ciur segments, whereby, one segment of xneters will be tested in 

·each of th,e ·following fonr years. If all the lots fail from a particular group, 

the number of meters tn be tested pE~r year will increase with an accelerated 

rate equal to a fourth let per year. After four years a plateau is reached 

because nc::w additions cf meters to be tested are offset by exhausted supplies 

of meters from lots tha~: were being tested five years previous. This method 

will also be utilized ~hlm meter groups are replaced with new meters. 

8. Probability fc:,.ctors which enter into the above calculations and 

prediction:s related to tt.,e over-all pt:~rformance of the plan, can be illustrated 

by an operating charactoristic curve for a sample size: of 50 and an Accep .. 

table Quality Level (AQL) of z. 5 per cent. Such a cur·ve is sho\\·n in Appen· 
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clix 2 to E~:~hibit A and g1ves the probability of accepting a lot as a function 

of the actual quality lev,:~l characteri:;tic of the lot beili1g sampled. From 

this can bt~ determined :.he per cent of distorted units expected to result 

in the total number of m.eters considt~red for a specified period, after 

•::ontinued op~~ration of t.::le plan, and based on the prennise that distorted 

Jlots, as they are found, will be 100% tested and adjusted or replaced. 

jlfrom such a curve it ccm be seen that the maximum pe:rcentage of the sub-

titandard r.o.eters in the lots considered in a period cannot exceed 3. 0 per 

c:ent and that would only occur in the extremely unlikely case where all 

lots sampled contained ~:~xactly 4 per cent distorted itmns. The data from 

which these c:urves are <constructed is as tabulated in the following: 

% Distorted In 
Submitted Lots 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Probability Of 
Ace epting the Lot 

100 
'98 
'90 
'75 
!58 
•U 
;~s 

18 
11 

7 

% of Distorted Units 
Expected to Result in 

Lots Considered 

1. 00 
1. 96 
2.70 
3 .. 00 
2.90 
2.46 
1.96 
1. 44 
.99 
. 70 

9. If analysis •of a specified sample does not meet the requirements 

of the .11chi-square 11 tes:r in that the distribution of meter accuracies is not 

normal, tEJsting by the :>ampling technique can still be effected hy using the 
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principle of "attributes" testing. A sample proceduJr·e utilizing the prin­

ciples of attributes is one wherein the accuracy of rc:~gistration of each 

individual meter is chssified as eith•~r being within or beyond the control 

limits as specified by the sampling plan. A decision to accept or reject a 

lot is then based upon the number of tneters in the Scl~mple having registra­

tion percentages beyo11d these control limits, which in this cane means 

outside of the 98 to 1 ('2 per cent accuracy range. By contrast, in the 

variableEI; method the meter accuracy is measured a:tong a continuous 

numericcl.l scale and i1:; described in tEnms of its position along that scale. 

Variable1:; method tak(~!S account of the degree to whkh the accuracy of the 

meter co,nforms to thB specific quality requirements of the satnpling pllan 

and in mtlst cases a d1;!cision to accept or reject the lot can be tnade with 

a much smaller samplle than is necessary with the rnethod of attributes. 

Sampling by attribute:1: can be made, in one of several ways, usually 

classified as "single- sampling'', "double- sampling', or "multiple- sampling". 

The plan selected for testing of meters in Missouri 'i.s the "multiple-sampling11 

techniquEl, in which tb.e initial sample drawn is almost the san1e in size as 

that drawn for the "va..riables" testing. Its particular advantage is that 

there is :minimum discrepancy in the sample size re:quired for the "attributes" 

techniquE~ compared t1) the sample size required for the "variables" technique. 

The sampling size chnsen for any group of meters will be the largest sample 

size between the two echniques; thereby insuring the quantity of meters 

needed to utilize eithc~r sampling technique and avoiding the necessity of 
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drawing additional sar1ples. Thus, for those meter lots wher(: accuracies 

are not normally distributed, but having a high quality level with very few 

or no dis1torted units, the original sample will be sufficient to provide a 

decision.. Additional fiamples need only be drawn in those instances where 

the perct:mtage of distorted units is beyond the specified acceptance nmnber. 

A pc)rtion of the mastE: r fable for the multiple- sampling plan rElproduced 

frorn Millitary Standards MIL-STD-105D (Table IV A) as shown in Appendix 

3 to Exh:lbit A includef: sample sizes whic:h will be usc~d in the Union Electric 

system in Missouri. To illustrate, inspection of this table shows that for 

an initial sample of 50 meters (code letter L) the lot: is judged acceptable 

if there are~ distort,:~d units in the sample. The lot would be rejected 

for 4 or more distorted units and for any number of distorted units from 

1 to 4, additional samples would need be drawn before: a decision could be 

reached. If a decision to reject is arrived at, then all meters in the lot 

would be: placed on a 100 per cent accelerated test program or retired and 

replaced with modern meters on an accelE:rated test p:rogram. For a 

sample of 50 units, th'e operating curve for multiple sampling is shown 

in Appendix 4 to Exhibit A along with the per cent of distorted meters ex­

pected to result in the total meter population after continued operation of 

the plan. The data fr :lm which these curvt~s are constructed il3 a tabulated 

in the following: 



Percentage of Meters 
ln Submitted Lots 

Operating Beyond Accept­
able Control Limits 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

- 8 -

Per Cent Probability 
Of Accepting A Lot 

100 
99 
95.5 
80 
57 
33.5 
18 
8.5 

·4.0 
1.0 

Percent of Distorted 
Units Expected to Result In 

Lots Considered 

1. 00 
1. 98' 
2.86 
3.20 
2.85 
2.01 
1. 26 
. 68 
-36 
• 10 

It is apparent from this data that the maximum percentage o£ meters 

having errors of registration beyond the control lir.nits of plus or minus 

2 percEmt is 3, 2 percent and only occurs for the unlikely case wherein 

all lots were exactly 4 percent distorted. 

I 



To deterrnine the size of a sample of met,eJrs, Table A-2 is 

used hom Military Standards 414 when a Variable:s test is given and 

Table J[ from Military Standards 105D is used when em Attrib1Jtes 

test is given. The c<)de letters listed in Table A·· 2 a.re utilized in 

Table J[~-3 in Appendix 1 to Exhibit "A" and the le:tt:ers listed in 

Table I are utilized jn Table IV-A in Appendix 3 to Exhibit "A" to 

determrine the required sample size. The largest sample size will 

always be drawn between the two methods so as to insure a sufficient 

number of meters for either test; furthermore, the chi- square test 

will be conducted utilizing the largest sample siz•~ bE:tween the two 

methods. 
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MIL-STD-41·4 
11 June 10~~ _ 

· TABLE A-1 

AQ:It. Conversion Tab;'.e 
-

For specified AQL values Us·~ this AOL 
falling within these ranges value 

-1to 0.049 0.04 

0.050 t:o .0.06·9 0.065 

0.070 l:o 0.10·9 0.10 

0.110 t:o 0.164 0.15 

0.165 to 0.279 0.25 

0.280 to 0.439 0.40 

0.440 t:o 0.699 0.65 

0.100 l:o 1.09 1.0 

1.1o to 1.64 1.5 . 

1.65 to 2.19 :~.5 

z.so to 4.39 •l.O 

4.40 to 6.99 t).S 

l.OO to 10.9 10.0 

11..00 to .6.C I !i.O --- . 

\ 

.. 

. . 
I ' 

.. 

. . 
·. 

.e 
1'AJ3LE A-2 

Sample S:iz•e Code Lettersl 

Inspection Levell 
Lot Size 

I II nr IV v 
3 to 8 B B B B c 
9 to l5 B B B B D 

16 to ;~s B B B c E 

26 to •10 B B B D F 

41 to 1)5 8 8 c E 0 . 
~ 

10 8 8 D F H 66 to J 

111 to 1 130 B c E 0 I 

181 to 3 ~)0 8 D F H./J 

301 to 5 00 c E 0 J K~· 

501 to 8 00 D F H J L 

801 tu 1,3 (10 E 0 I K L 

1,301 to 3,2 (10 F H J L; M 

3,201 to 8,0 CIO 0 1 L·M· N 

8.001 to 22,0 00 H J M·N 0 

zz.ooJ to uo,o CIO I K N 0 p 

!10,001 to 550,0 CtO 1 K 0 p Q 

5SO,OO 1 and over I K p Q Q 

~!sample size cod~~ letters give~l in body of 
table Are applicable when the indicated in­
epection levels arc! to be used. 

.sut~e," A7./ 111 /11,'/,tq .. f slJ.. l./1( 
S"3~ests thqt vnlescs ot he,.wi, e. 
Sl•e~rf,ec! Zl)s,ce.c.t•(>" l..e~v-c..l IV 
,,,,.11 'c: vse,:./ .. 

... ·. 
-. 

.. . 

, . 

. . . .... 

v 

..~.·. \]~ 

•, 

.. 
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TABLE 1-Sample size code letters 

A7TRIBVTES TESi 

\ 

For ~h;s t.ql,Je > !1/r/. Sl;d- loSD 5us'Jesi:.s -tJ 
C.~YS~l-4{ ;,.,pc.::~;Q-;-, fgvf!.l 1! !e !.!se.J II,../, 

"~ .. , , 
..f. t' ('! I 

O~rterwn~,e, £:feCITie.;;t.. • 

(See 9.2 tmJ 9.3) 

Special inspection levels General inspection levels • Lot bh • -· or ate et:~t~e 1 1 1 • 1 1 s I 
S-1 . S-2 .- S-3 S-4 I I !! / Ill 

~------------------------~-----
2 to 8 A A A A A A· B 

9 to · 15 A A A A A B· C 

16 to 25 A A B B B C D 

• 26 ' · to SO A B B C -C D E 
' : I 

51 to · . 90 B B · C C C E · F 

. 91 to 150 B ' B C D · D F G 
: f • ,. - t I •, • , 0 ', ' 0 

151 to 280 B C D '· E . E 
1 

G H - --
281 to 500 B C . D E. F H J 
501 : to 1200 ' C C E F G J K . ' 

1201 to 3200 , C 0 ' E ! • G H K. L : 
I o 

3201 to 10000 C . 0 . F G J L.· M -

10001 to 35000 C 1 D 1 . F I H · i · K I !. I · . . N I 
35001 . to 150000 o E · G J L N . p e 1 
150001 to 500000 D 

1 
E G J M P Q 

I 500001 ~nd over J D I E ! ii I K j N , I Q I R I 
~reo. .,... ~ll"e-r-f iz, 

~ --- ~~% I --I • - ---- ·-- - ..., ::> <::Ct'O 
-f f"'- • ••· ·--··-- •· --•' ,!.: / .nC~. 'HS~Cr ,0_, /¢•riJ 

~/a// .;J;?,-n;o/e. /r/.::jt::n:=c:;/,o "? . Lan::/.s . c;(. ~/..!-S7 D ... ·/OSC 

rn 0 . ---- ... ___ . ! ... : '.;} _, L ... ~ __ ~-~------::::'0 0 . -- . - ----- r:---..., -. . .... -------
V) "" ____________ .....__ _.L~-: .... _.!-.~. ~ - --· __ · ____ .$· .. ~ -·-- ·--

....... ~---· _... -------·-- __ . _L ~ 7 :-. _L • 2 _ ~-~-=~~~~----·----- -------. ___ --·--··--- ........... _ .. _ .. __ .. --·· __ ···1:.~ -~:· -----
-: 



f 
I 
~ 

I 
k 

... -

I Sample size 
code letter 

B 

I 
' c 

I D 

I E 
I 
I F 

r G 
I 
I H 
I 
I 

! 1 
I 

I J 

1( 

I L 

r .M 

N 

0 

p 

0 

r--.. r"\ 
\ J ....._, 

APPENDIX 1 TO EXHIBIT "A" 

TABLE B-3 Standard Deviation Method 

.Master Table !or Normal and Tightened Inspection !or Plana Baaed on Variability Unknown 
(Double SpedficaHon Limit and Fprm 2-Single SpeeifieaHon Limifj 

Acceptable Quality Levels (normal inspection) 
Sample -·-

size .04 .065 .10 .15 .25 .40 .65 1.00 1.50 2.50 4.00 6.50 

.M M M M M M M M M M M M 
-----

3 I J L __ L j __ I J~ v v 7.59 18.86 26.94 

4 
-~ 

v 1.53 5.50 10.9Z 16.45 1 22.86 

5 ~r ! l i 
t" v 1.33 3.3Z [5.83 9.80 14.39 20.19 y 

7 0.422 1.06 2.14. 3.55 5.35 8.40 12.20 17.35 1.., ... 0.349 0. 716 1.30 2.17 3.26 4. 77 7.29 10.54 15.17 ~v y 

15 0.099 0.186 0.312 0.503 0.818 1. 31 2.11 3.05 4.31 6.56 9.46 13.71 

2.0 0.135 0.228 0.365 0.544 0.846 1.29 2.05 2.95 4.09 6.17 8.9Z 12.99 

2.5 0.155 0.250 0.380 0.551 0.877 1.29 2.00 2.86 3.97 5.97 8.63 12.57 
-

30 0.179 0.280 0.413 0.581 0.879 1.29 1.98 2.83 3.91 5.86 8.47 '12.36 

35 0.170 O.Z64 0.388 0.535 0.847 1.23 1.87 2..68 3. 70 5.57 8.10 11.87 

40 0.179 0.275 0.401 0.566 0.873 1.26 1.88 2.71 3.7Z 5.58 8.09 11.85 

so 0.163 0.250 0.363 0.503 o. 789 1.17 1.71 2..49 3.45 s.zo 7.61 11.23 
I I I I I I . . -

75 o.147 o.ua ~ o.JJo o.<67 t o.no 1.07 1.60 2..29 3.20 4.87 7.15 10.63 

100 0.145 0.220 0.317 0.447 0.689 l.OZ 1.53 z.zo 3.07 4.69 6.91 10.32 

150 0.134 I o. 20.3 0.29 3 0.413 0.638 0.949 1.43 2..05 2..89 4.43 6.57 9.88 

zoo 0.135 0.2.04 0.294 0.414 0.637 0.945 1.4Z. Z.Q< Z.87 4.40 6.53 9.81 
·--- ·----- -

.065 .1.0 .15 .Z5 .40 .65 1.00 1.50 z..so 4.00 6.50 10.00 

Acceptability Quality Levels (tightened inspection) 
~----- ------····--··-- ------- -- ---~--- ---- ----~-

10.00 15.00 

M M ·-
33.69 1 40.47 

29.45 ! ,6.90 

26.561 33.99 

23.29 30.50 

20.74 Z7.57 

18.94 25.61 

18.03 Z4.53 

17.51 23.97 

17.24 23.58 

16.65 22.91 

16.61 22.86 

15.87 zz.oo . . 
15.13 2.1.11 

14.75 20.66 

14.2o I zo.o2 

14.1Z. . 19.92 

15.00 

--~ 

Ail AQt. &114 t&!.Je val.-s are in pc~rcent clelective. 

. 

I v •• ltr•• •ampUDJ pl.- below arrow. that is, b()th sample size: as well as M value. 
f ...... eveJT iC.m ic ttw 101 must be inspected. 

Vlhen sample size equals or exceeds lot 
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• EXHIBIT B 

ANALYSIS OF SAMPLING SURVEY ON 
METER ACCURACIES - .tv1ISSOURI PROPER TIES 

1) During October of 1972., preliminary sampling surveys were 

con1pleted of meter accuracies of all meter groups b the Missouri proper-

ties of the Union Electric System, including the St. Louis City, Jefferson 

County, St. Francis County, St. Charles County, Franklin ·county and St. 

Louis County districts. 

2) The append·.xes to this Exhibit show the results of all pertinent 

calculations necessary fc•r the detern~Lination of specific: l<>t characteristics, 

for all meter groups included in the preliminary sarnpling survey, including:-

- Mean Accuracy of Registration 

- Stcmdard Devia.tion 

- Estimate of per cent of meters with accuracy of registration out-

side of the..±. 2o/o control limits. 

- Limit of per cent distorted to insure an acceptable quality level 

(AQL) of 2. 5%. 

- Chi- square te:~t to determine normality of distribution of meter 

accuracies. 

- Disposition of meter groups. 

3) The disposition of meters within a lot of a specific group is 

interpreted to mean that :1.n "acceptable" lot will have no further tests made 

within it for the next ten years. The following year, however, will require 

the next lot with the oJde.•-t previous t:c::;t date in the group to be samplf!d and 

that sample fidel tested fH the prediction of the recording accuracy of the 
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meters in that lot. A r<:jcctcd lot will be placed on an accelerated testing 

or an accelerated replacement program as described in paragraph 7 of 

Exhibit A. 

4) Calculations necessary for the determination of t.he average 

accuracy of registratior,, and the standard deviation of a specific group of 

meters are shown in Appendix 2 - Exhibit B. From this data is calculated 

the estimate of percentc:.ge of meters in the lot having accuracy characteristics 

beyond the + 2% control limits. Appendix 4 - Exhibit B shows a typical calcu­

lation of the 
11 chi-squar:~" test necessary to determine the normality of meter 

accuracy distribution. 

5) The table in Appendix I to Exhibit B shows a breakdown as 

well as the results of a sample test of the Missouri single phase meters as 

of October 1972. 

In 1972 there were sixteen meter groups present in th·e Missouri 

System due to the combining of new meter models with the old models. In 

addition, the groups were divided into eight lots instead of the ten proposed 

in this petition. From <:!ach group the lClt with the oldest previous test date, 

which in most cases co 1tained meters tha.t h~d not been tested within the past 

sixteen to twenty years, was sampl~~ tested and analyzed. From the analysis 

it was deterrnincd that '>ample groups 1, 5, 9, 11 & 16 were rejects, groups 

6, 12 & 13 required retesting and the remaining eight groups were acceptable. 

Since the October ]()72 an:tl)'llif:i, group l h;,ts been retired and four new meter 

groups were crenttJd by IH:paraling the now t1H~ter models from the old meter 
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models. An updated breakdown of the Missouri single phase meters is listed 

in Appendix 8 to Exhibit B. Furthermore, .additional tri:al tests were made 

in 1973 to determine if all of the lots with more recent test date:; and in the 

groups des'ignated as q u~stionable i.n the 1972 tests are as degrading as the 

1972 tests suggests. The results frorn these additional te.sts art<! listed ~n 

Appendix 7 to Exhibit B and a brief critique Of each group is as follows: 

~Jro,lp 5: 

The 1964 sec· ion showed that no meters in the sample were distorted, 

but the 1961 section showed that two meters were slightly in error while another 

meter was completely distorted. This suggests that after twelve years the 

n:1eters may begin dis to 1rting. 

9roup 6: 

The 1956 sec ion proved to be in an acceptable condition, and although 

the decision for the 195:; & before section was "resample", only one meter 

failed in that section. ~:ince only one meter was at fault the indications are that 

n1ost of the meters are probably accurate in that section. This group most 

probably can be expecte 3. to function with 1ninimal problems in the future. 

Groue_1: 

The critique' for group six is also true for group nine. 

~E_U: 

This group wc.o s rejected by the October 1972 run as well as the 1961 

section of the 1973 run. However, t:he 19(>4 section had no failures out of 40 

n1eters. This seems to indicate thr1t somt:!whore betweun eight and twelve yuars 
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from the~ last test dale these meters begin to distort enough to be rejected by 

sample testing techn:: ques; thus requiring the total lot of mett::rs to be tested 

and adjusted. 

~Jro·~: 

This group appears as though it may have so:rne. operating problems 

in the future. Although it was accepted in both sections of the 1973 run, the 

meters :seem to be close to the "resa1nple'' stage which suggests that some 

time in the future the company may be readjusting all of the meters in some 

of its lots. 

~~roup 13: 

'rhis group ap,Jears to be a reliable group even though the 1956 & 

57 section indicated that rt:lsampling was necessary. In that particular 

section, only one rneb.~r failed frorn 40 meters tested. That one meter, 

however, was so severely distorted that it placed tht;: rest of the group in 

the questionable area. When one 1neter becomes that distorted there is 

usually som.e reason ether than normal operation that causes it to fail. 

Therefore, a satisfactory response from this group ~n the future is expec­

ted. 

firoup 16: 

Although this group was rejected in the 1972 run, both sections of 

this run were accepted with only two meters failing by a small margin fron1 

a total of 100 meters t~stcd. It appears that this grc,up may bt~ in a much 

more sound conditioll than nt'! originally thought. 
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To sum1narize the above results, it appears that the groups that 

become distorted will begin distorting approximately 12-20 years since 

it was last tested. Furthermore, it appears that the principal portion 

of single phase meter:; in the Union Electric Company are of sufficient 

quality to allow an efficient operation of a sample testing program as 

well as a.n economical savings to the company and, therefore, to the con­

sumer. 
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Appendix I To Exhibit B - Analysis of Sampling Survey Of 
Meter Accuracies. Field Tests Ma 
During Aug. -Sep. and Oct. of 1972 

Sample Mean Standard Estimate c~ 
Meter T -• Size Accuracy Deviation .L..O t: Let Defective 

r Size (Code) o/o ---.::!J o/o 

Limit- Lot 
Defective 

% Sa 

HF 
.T 
J2 
J3 
CA-CS 
DS 
D2S 
D3S 
MF 
~.1K 

MQ 
I30 
150 
155 
!60 
c _tJ,__= r:s 

Total 

1183 35 (K) 
10717 75 (N) 

6225 50 (M) 
5247 50 (M) 

5094 50 (M) 
5714 50 (M) 
1744 40 (L) 
4535 50 (M) 
3275 50 (M) 
")QQ"'l 
.JOO'- 50 (Mj 
4835 50 (M) 
1537 40 (L) 
5721 50 (M) 
4234 50 (M) 
9061 75 (N) 
7508 50 (M) 

99.60 
99.49 
99.57 
99.30 

100.50 
100.01 

99.67 
99.72 
99.44 
99.75 
99. 12 
99.64 
99.56 
99.92 
99.33 
99.76 

1. 652 
2.448 
0. 514 
0.542 
1.320 
0.700 
0.468 
0.444 
1. 787 
0.779 
2.906 
2.305 
0.795 
0.548 
0.538 
1. 218 

0.07 
0.71 

0.01 

1. 20 

0.61 
10.36 

5. 57 
4. 87 
5.20 
5.20 
5.20 
5.20 
5. 58 
5.20 
5.20 
5.20 
5.20 
5. 58 
5.20 
5.20 
4. 87 
5.20 

*1 Analysis of sample showed the number of sub-normal meters was excessive, resulting in 

~.., A---. ... -.: ... 1- ... ~'"+'9"1.;h,,+A~ TY'\.:.t-hnr1 ~hnwP-d the nux-rlbt:r of defects not exceeding the allc\1:.1able n1.: .- ... .~. .. a. .. y;:,.~r.;:; :..; l .;.;..~~ ~~.....:."t.<._,-~ ,..,.,,..._,..,. ____ ---- •• - ·- • -

*3 Analysis by variables method showed the group acceptabl~ based on low value of per cent c 

*4 Analysis by attributes method showed the number of defects between the accept and reject 
necessary to arrive at a solution. 

*5 ~nalysis by variables method showed the group failed based on high value of per cent defe 

1 
4 

;: 
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e Appendix 2:: Exhibit B 
Page 1 

Determination of :Mean Accuracy and Standard Deviation 

Westinghouse D2s 

Partition size- 1'744; Samplle size - 40 

Meter Meter Low Load High Load Weighted Ave~ge 
Code Serial No. .,:~ccuracy (X I) Accuracy (X2) --:Accuracy (X) ---- ------

63K20 38762.880 100.400 100.300 100.320 
63K20 38522.774 100.400 99.300 99.519 
63K20 38444555 99.300 99.800 :99.699 
63K20 38804913 99.300 99.800 99.699 
6:~K20 38439'789 WI. 200 99.800 100.080 
6:~K20 3870254-5 98. 700 99.700 99.500 
63KZO 38951187 99. 300 99.500 99.460 
63K20 3843967'1 98.200 99.200 99.000 
63K20 38619146 99.900 99. 500 99.580 
63KZO 38812145 99.300 99.800 99.699 
63K20 38857426 99. 100 99.600 99.500 
63K20 3875684:9 100.400 100.600 100.560 
63K20 38858977 98. 100 99.400 99. 140 
63K20 38764362 98.600 99.500 99.320 
63K20 38805686 99.400 99.600 99.560 
63K20 38853470 100. 100 100.400 100.339 
63K20 38849467 98. 500 99.600 99.380 
63K20 38707904 100.100 100.200 100. 180 
63K20 38951226 98.900 100. 100 99.860 
63K20 38443203 100.300 100. 500 100.460 
63K20 38703117 99.800 100. 500 100.360 
63K20 38638969 97.800 101.800 101. 000 
63K20 38639331 99.600 99. 700 99.680 
63.K20 38812324 98.500 99.200 99. 060 
63K20 38812491 98.400 99. 500 99.280 
63K20 38707918 100.500 100.000 100. 100 
63K20 38438766 99.800 99. 500 99.560 
63.K20 38805871 98.800 99.600 99.440 
63K20 38849304 98.500 99.000 98.900 
63K20 38858277 100.000 99.300 99.439 
63.K20 38812247 98.500 9~.700 99.460 
63K20 3885'7531 99. 500 99.000 99. 100 
63K20 384·11915 98. 500 99.000 98.900 
63K20 38764211 99.000 99.500 99.400 
63K20 38433930 99.200 99.800 99.679 
63K20 38703235 100,000 99.400 99.520 
63KZO 38438754 100. 500 99. 500 99. 700 
63I<ZO 38702.679 )00, 500 99. 800 99.939 
(.jKZO 38812544 100. 500 99.800 99.939 
63K20 387£>3691 99. 500 99. 700 99.660 



APPENDIX 2 - EXHIBIT B 

Weighted Avg. Ace, Meter Serial No. - 38762880 
X:: (Xl + 4X;~)/5. 0 

=: (100.400 + 401.200)/5.0 
:: l 00. 320 

Analysis of Vv'cstingJ:ouse D2S meters: 

n_ 
= ~Xi 

Sample MEAN Xo/o = i ::: _1 . 
n 

= 3986.971 = 99.674% 
40 

;J
r -2 

Standard Deviation S _ (x _ X) 
>----
- (n-1) 

s :: o. 468 

=r;-:;;;­
A.)~ 

Estimate of percentage of meters in the lot, outside of control limits. 

Upper Control Limit - lJ :: 102% 

Lower Control Lirnit - L == 98o/o 

Upper Quality IHdcx Qu = lT -X 

s 

Qu ·- - 4. 970 

Lower Quality Index QL ·: X-L 

s 

QL = 99.674-98.0 
0.468 

.. :~. 577 

Percentage of m~:.ters bE~low limit , PL :: 0. 004% 

Pcrc<!ntage of meters above limit . Pv :: 0. 001% 

(Sc:<! AppeFJdix ~. tu Exhibit "B'' for values of PL and Ptr) 

Total p<~rnmt U(:yond limits ... , , . PA = 0, 005% 

Ma·Kirnum Allowable• Per C<·nt Defective To tvlaintain Q\lality 
Lcvd ut 2. 5% is 5. 58%, 

(~ke Appendix I tu Exhibit "/\'' for Litnit at AQL - 2, 5%) 
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Appendix 4 - Exhibit B 

Determination of "Chi-Square" - Goodness 0£ Fit To A Normal Distribution • . 
Westinghouse .D2S: 

Mean Accuracy of Group, x = 99. 674%; Standard Deviation, S = 0. 468 

See Appendix 5 - Exhibit B for Table of Preferred Cell Intervals. For sample size of 40> 

Nmnber of Cells = 4 and Degrees Of Freedom = 1 

Cell Accuracy Range 

100. 15 - and up 

1. Os 99. 68 - 100. 14 

MEAN i = 99. 67 

-1. Os 99. 21 - 99.67 

Up to - 99. 20 

(f) 
(frequency) 

7 

12 

0 

16 

5 

40 

Normal Frequency £1 

o/o Number 

15.87 6. 35 

34. 13 13.65 

34. 13 13.65 

15. 87 6.35 

100.00 40.00 

See Appendix 6 - Exhibit B for critical values of the (Chi)2 distribution. 

. f-f' 

0.65 

-1. 65 

2.35 

- 1. 35 

For probability, 

• 

f' 

0.066 

0. 199 

0.404 

0.287 

0. 95 74 (Chi) 2 

P = 0. 05 a. 
one degree of freedom, the critical value is - - - 3. 84. Hence this distribution may be considered 

normal. 



APPENDIX 5 TO EX11THIT "B" 

'rifE Cl1I-..S~UAr~~~ 'l'i~:S'l1 

TI\BLE C;Ji' p:;::::~i~:-1;r:;D Cf!I .TJ r:;·J::~~\':\LS -------......-..---·--·-------
For Tost.h:g tt Group of ~f Obsol'\"o.tions for !Ior:na.Hty of Di3tribut;ion 

D"grooa of Frocdcm Sh0\'.'11 Bolo·;; llfii.H.t":'lo X1 1c..nd Cf' 
to bo Tt.lcoll i'ro::l tl.o Ob:.orvcd Do.tQ. 

·---·-----~·_...._·-----------·----·------ ---

.oseo .1687 I 
o0227 

. 



APPEND IX 6 - EXHIBIT "B" e 
CRITICAL VALUES OF THE CliT -SQUAI~E DISTRJ.ht:'TION 

Probabil Hv 'Z, 0.10 ____ .__ 0.05 0.025 0.010 

Degrees Of 
Freedom 

1 2.70554 3.84146 5.02389 6.63490 

2 4.60517 5.99147 7.37776 9.21034 

3 6.25139 7.81473 9.34840 11.3449 

4 7. 7794/.j 9.48773 11.1433 13.2767 

5 9.23635 11.0705 12.8325 15.0863 

6 12.5916 14.4494 16.8119 

7· 12.0170 14.0671 16.0128 18.4753 

8 13.3616 15.5073 17.5346 20.0902 

9 llt. 6837 16.9190 19.0228 21.6660 

10 15.9871 18.3070 20.4831 23.2093 

See Appendix 5 - Exhibit .B Jor determination of der,rees of freedom 

.• 



----------·-------· 

Group 

5 (1) West. C & CS 

5 {1) Wc~st. CA & CS 

6 {2) ·West. DS 

6 (2) West, DS 

9 (1) Dun•can MF 

9 (1) Duncan MF 

11 (1) Duncan MQ 

11 (I) Duncan MQ 

12 (2} G F: I30 

12 (2) GE !30 

(2) GE ISO 

13 (2) GEI50 

16 (1) West. CA & CS 

16 (1) West. C:J\ &. CS 

Year Of 
Previous 

Test 

1961 

1961 

1955 & before 

1956 

1961 

1964 

1961 ~:. before 

1964 

1956 

1957 

1955 &. before 

1956 & 57 

1961 

Decision 

Rcsamplc 

Acc~pt 

Rcsample 

Accept: 

Rcsamplc 

Accept 

Reject 

Accept 

Acct~pt 

Accept 

Accept 

Rcsarnple 

Accept 

Accept 

Comment 

3 meters out of 40 
failed. 1 meter was 
extremely bad. 

0 meters out of 40 
failed. 

1 meter out of 40 
failed. 

1 meter out of 75 
failed slightly. 

1 meter out of 40 
failed. 

0 meters out of 40 
failed. 

7 meters cut of 50 
failed sligh tl :r. 

0 meters out of 40 
failed. 

l rncter out of 35 
failed slightly. 

3 n1eters out of 35 
failed slightly. 

1 meter out of 40 
failed slightly. 

1 rnctcr out of 40 
failed mist~rably. 

1 meter out of 50 
failed slightly. 

1 m etc 1' out <'f 50 
faill:d slighll)'• (1) Oldc!Sl fc!::>tc:d :nl't•.!rs that a.ilt•d tlw l'n;! l!:::l, 

( Z) Olclc:H tc~,t(!d 'Jt('1•:r~; th;tt l«Hl to be 1'f•:><&rnl'l•:d from. lhc 19'72 te-st. 
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APPENDIX 8 - EXHIBIT B 

MISSO'JRI SYSTEM METER BREAKDOWN 

1973 

MFG. &: TYPE GROUP TOTAL NO. SAMPLE LOT SAMPLE SIZE 

Sangarno HF 1 13 This group has been retired. 
Sangarno J 2 540SO 5·~05 50 
Sangamo J2 3 4S283 4528 50 
Sangamo J3 4 4Z873 4287 50 
West. CA &: CS 5 26675 2668 40 
West. DS 6 77387 7'739 50 
West. DZS 7 2~~745 2;~74 40 
West. D3S 8 3~~ 72 5 3272 50 
Duncan MF 9 2S736 2'754 40 
Duncan MK 10 25302 2530 40 
Duncan MQ 11 39950 3995 50 
GE 130 12 11045 1104 35 
GE ISO 13 3t~310 3231 50 
GE I55 14 26267 2627 40 
GE I60 15 57496 5750 50 
West. CA & CS 16 6Z952 6295 50 
Duncan MS 17 13936 1394 40 
GE I70 18 27017 2702 40 
Sangamo J4S 19 '7865 786 30 
Duncan D4S 20 24,223 2422 40 

Total 65?,650 65, 763 835 



August 26, 1974 

Mr. Thomas C. Palmer, Attorney 
Union Electric Company 
1901 Gratiot Street 
P. Cl. nox 149 
St. Louis, MiS!IOuri 63166 

Re: Case No. 1H,172 

Deal~ Mr. Palmer: 

We acknowledge receipt of your letter of August 21, 1974 
enclosing the uriginal and nine copies of Union Electric 
Company's appllcation for relief from certain of the 
requirements of Rule 32 of General Order No. 20. 

The applicatio·:1 has been filed in this offic& today as 
Cas~ No. 18,172 and called to the attention of the 
Com11dssion. 

You will he informed when further action is taken in this 
matter. 

ac 

Sincerely yours, 

Robert L. Gilmore 
Secretary 


