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FOREWORD

In thls thesis, an attempt is made to provide people
interested in the subject of "Energy Diversion" with a reas-
onably complete record of the growth énd prevention of this
widespread practice. References to practically all articlas
published in English will be of help to those who wish to
pursue the subject further. To my knowledgse, this thesis
is the first of 1ts kind, as information on this subject 1s
very hard to obtain, and what little published information
exists is very scattered, in most cases dealing with special
phases of the problem. Much of the information to be pre-
sented was secured by me in talks with public utility men who
work in this field but who would not be quoted. Consequently,
in putting this information in this thesis, no authority can
be given other than mine.

In the fall of 1932, when casually looking at a copy of
the "Electrical World," I found an article on the subject

1

of "electrical energy diversion," a torm used by the public

utilities for the c¢rude sounding phrase, "theft of electri-

cal power."
This problem was new to me. I had never before real-

ized to what serious proportions the evil had grown. Its

A

solution is vital to the very existence of public utilities,
because. unless remedled, the revenues upon which every-
thing depends are greatly reduced.

Some time later, a different approach to the problsm oc-

curred to ma. It consisted of some suitable relay schems to

automatically interrupt service tc customers who attempted to




divert electrical energy from thelr meters so that they
would be compelled to call the powsr company to get the
service restored. Thus the utility would be protected
agalnst theft, and the customer would have service as long as
he used it legitimetely. The problem was discussed with Mr.
H, L. Newman, and 1t was decided to attempt to develop to-
gether a sultable relay scheme that would accomplish the de-
sired results. Mr. C. L. Lambert, a mutuval friend, agreed to
finance the work In return for a share of any income that
might be derived from it.

The ensuing investigation and experimental work was made
principally in the electrical laboratorles and work shops of
Georgia Tech. Professor PFitzgerald, Head of the Electrical
Engineering Department, and Professor Duling, Head of the
Electrical Laboratory, made the investigation possible by ex-
tending the greatest cooperation in the use of the laboratory
and its equipment. We gresatly eppreciated the courtesy.

I wish to express my sincere thanks to Mr. Hendersonm,
Head of the Atlanta Division Operating Department of the
Georgla Power Company, for his Interest, help, and suggestions,
which were of the groatest assistence in actually trying out
the device on suspected customers in his division.

Mr. Patrick, Head of the Meter Department of the Atlanta
Division, and Mr. Wiggins, Chief Investigator of Energy Di-
version in the Atlante Division, both of the Georgia Powser
Company, have my thanks for their cooperation in installing
the theft relays and maintaining records of their operation.

H. T. Yopp
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THE GROWTH AND PREVENTION OF ELECTRICAL
ENERGY DIVERSION

Electrical energy diversion is defined as the use of
electric power by or through unauthorized and fraudulent
methods. The methods used can be clagsified into two divi-
sions: (1) those where unauthorized electric power never
flows through the watt-hour meter and (2) those where various
methods are used to prevent the proper recording of the cor-
rect amount of power used.

The subject of energy diversion is a difficult one
about which to write. Because of its very nature, little
information ia known and still less is published in books
or magazines. Therefore, the writer was forced to go to
considerable trouble in securing some of the material pre-
sented here, as 1t was necessary to mske appolntments with
the suitable officials of several utilities located from
Maryland to Florida to get first hand Information. Also, a
great many engineering salesmen whom the writer knows,
traveling for companies that sell equipment (o reduce energy
diversion, were very helpful. Because of their wide travel-
ing, they have a good knowledge of the estimated extent of
the practice of energy diversion and of the problems in-
volved in combating 1t. )

The electric utilities as a whole pald little attention
to energy diversion until about 1918, when C. M. Ward of the
Duquesne Light Company of Pittsburgh published an article,

"protection Against Thleving Customers," in the November 30,
1918, "Blectrical World." 1In a three month test of 3884




meters, it was concluded that about 5% of their customers
were gullty of energy diversion. This finding was & sur-
prise to many utility executives who belleved the practice
to be negligible.

However, In spite of this feport and others simllar to
it, the problemi* was ignored for ysars. This was due prin-
clpally to the enormous expansion of the electric utilities.
A1l of thelr effort and time went towards exterd ing power
lines, building powér plants, and lmproving service.
Revenues were increasing in proportion; so the money lost
because of energy diversion wes many times made up by the

gddltion of new customers.

# Preventing Theft of Electric Service -- Ralph Pittman,
Electrical World, August .18, 1923.




INCREASE OF ENERGY DIVERSION

Energy diversion as a serious problem first began to be
considered in 1931, By then, revenues were falling and new
customers were very few; so means of'increasing the income
'of the utilities were sought. It was found that the prac-
tice of energy diversion had increased greatly and was very
widespread in some localities such as Florida, Mississippi,
Loulsisna, Georgia, and other states scattered all over thse
country, and in most all the large cities.

This increase of energy diversion hes several causes,
principal among them being:

1. The enormous growth of the electric distribution

systems.

2. The growth of lmowledge of elementary electricity,
partly due to the great increase of electrical
repair shops asnd garages.

3. More and more studentis were enfolled in high
schools that taught elementary electricity
in physics courses, thus spreading further
electrical knowledge.

4. The incentive to steal power increased as the
use of electriclity per person increased.
Electric biils in some businesses are an
appreclable 1tem of the total expenses of
the business.

5. The bilg, recent incresse was due to the economic

depression. Many people who would not consider

such an action ordinarily, resorted to energy

diversion.




6. DBecause of the depression, great numbsrs of
trained utility employees, together with expert
house-wiring and electrical repair men, were
thrown out of work. Many of them make a business
of selling thelr knowledge to reduce light bills
by various unauthorized means.

In 1931, a number of utilities made surveys of their

territory only to be amazed at their findings. Mr. S. A,

w3k

Fletcher, writing in the Electrical World of November 21,
1931, about these surveys, said, "Although many utility
managers have long belleved they were free from loss of
revenus by energy diversion, one utility recently found
evidence of 1500 cases of theft in a town with a total of
9000 customers. This means that one out of every six custo-
mers gets some part of his elactrical energy without paying
for it. Another utility has recently begun an active cam-
paign for detection of current theft and has found as many
as 56 suspocts in one day." These-are, of coufse, extreme
cases, but they give an idea as to the extent of energy di-
version in some locallties.

By 1931, energy diversion was recognized as being prac-
ticed all over the Unlted States. It was, and st11l1 1s, even
worse 1n Mexico, Cuba, Central and South America, where util-

ities have had, and are having, a fight for their very exis-

W
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tence on account of this evil. In the United States, energy
diversion is more widespread in the larger cities where

great numbers of old houses and dqplex apartments with old
wiring exist. Usually the wires are open and are easlily ac-
cessible, coming inside the house for a ways before reaching
the elsectric meter. In duplex apartments, the problem is es-
pecially bad, as it 1s impossible to cut off the service when
oneé honest customer lives with several dishonest ones. In
proportion to customers, the southern states are the worst of-
fenders, the percentage decreasing some for the northern states,
although the amount of power stolen in the northern states is
greater . However, in Cenada, energy diversion gives very
little trouble.

Some idea of the increase of energy diversion in the
United States may be obtained from the curves shown in the ac-
companying diagram. Three curves are shown: (1) the total
output of electrical energy; (2) the percentage of unac-
counted for losses; and (3) an increment curve showing the
rate of change of the percentage losses, all plotted for the
years from 1927 through 193%.

The power output curve shows a steady increase from 1926
until 1929, when an all-time peak was established, after
which a decline set in, which should be especially noted in
relation to the other curves.

Curve No. 2 shows the percentage of unaccounted for
lossas. These losses include transmission and distribution
losses which may be called legltimate, and losses due to

power theft, which may be classed as illegitimate. It will De




noted that the power output since 1929 has decreased, and it
would be expected that leglitimate losses, which are depend-
ent on load condltions would also decrease. The facts, how-
ever, show Just the opposite. Curve No. 2 shows a steady
increase from 1927 to 1930, which is in keeping with the in-
creasing load during that period. Although the output has
decreased since 1930, curve No. 2 shows a sharp increase in
unaccounted for losses. The wrlter belleves that a large
part of thils Increase 1s due to power theft, since it seems
reasonable to believe that legitimate losses would decline
with declining output.

To bring out more clearly this increase in unaccounted
for losses, curve No. 3 shows that the rate of increase of
these losses since 1930 has risen sharply. This brings out
more forclbly the fact that unaccounted for losses, or rather
their rate of increase, is rapidly rising, notwithstanding
the decline in output, whereas we would expect these losses

to decrease in keeping with the diminishing output.
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REVENUE LOSSES

To give some idea of the loss in revenue suffered by
the power companies because of energy diversion, the author
has made an effort to estimate the ldss for each of the
major power companies In the United States. 1In order that
the figures may not be thought of as being too high, com-
parison between the method used 1in this paper and the re-
sults obtalnad through using estimates of other sourcas
shows that the filgures given here are between half and two-
thirds of those obtained from othaer sources.

An editorlal in the "Electrical World" of August 6,
1932, entitled, "Energy Diversion and the Necessity for

Change 1in Meter Practice,"

says, "Some estimates that have
been made as to its extent (the practice of energy diver-
sion) have run as high as 5% (of the generated energy) but
if this figure reflects too pessimistic an opinion of pub-
lic honesty, and assuming that the true figure is only 1%,
it would still mepresent an appreciabls sourca of revenus
leaks and would still be worth going after."

In talks with power company engineers and engineering
salasmen, the author has found that they believe the prac-
tice of energy diversion is far more widespread than the
very conservative figurég gset forth in the above editorial.
The writer has been told of instances where the amount of
powaer stolen runs as high as fifty per cent, although this

1s admittedly an extreme case. In the oplnion of these men,

this practice is increasing rapldly each year.




The West inghouse Electric and Manufacturing Company,
in a publication describing their new socket detachable
meter, described elsewhere in this paper, says, "It is doubt-
ful if any utility can show a loss of energy from this same
source as low as 1% (of total geﬁeratad powar). Some util-
ities where this loss was thought to be negligible, havs
discoveraed 1% to be as high as 10% (of generated power). In
some casas 18% of domestic customers were practicing this
"art" in various ways."

An excellent article giving some idea of the revenue
losses from energy dilversion 1s to be found in ths
"Electric Journal" of October, 1934. The article is by
W. W. Palmer and is titled, "Rumors Pay Dividends."

To return to the method used to approzimate the revenue
lossas of the major private utilities of this country,
coluym 18 of Table ITI of the chart on the second page from
this, shows the "not accounted for losses" of the individ-
ual companies listed in that table. These include all legi-
timate lossaes such as those due to transmission and distri-
bution, and 1llegitimate losses due to powar theft. No at-
tempt is made in the table to separate these lossas, but a
very reasonabls estimate (the writer belisves) can be made
of the percentage of those losses due to power theft. Seven
per cent of the unaccounted for losses 1s taken as belng due
to power theft. This leaves nlnety-three per cent of the
unaccounted for losses due to legitimate sources. As an
example, the estimated loss for the Florida Power and Light

Company will be caleulated. This company is No. 95 on the
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previously mentioned chart. Column 18 shows for this
company an unaccounted for loss of 46,735,057 KWH, this
being a loss of 23.6% as shown in the first colum. 7% of
this is approximately 3,270,000 KWH. At 3¢ per KWH, this
represonts an annual loss of about $100,000.

It will be noted that{ this estimate of power theft is

a percentage of admittedly unaccounted for losses. Since

powar theft must be included in these losses, it is reason-
able to assume that it must constitute some percentage of
them, and 1t is belisved that an average figure of seven per
cent of these logses 1s a reasonable estimate, perhaps too
reasonablsg.

The writer is aware that his method of calculating the
extent of power theft 1is not at all rigorous. Its sole pur-
posa 1s to give the reader an approximate idea of the extent
of the practice of energy diverslion in terms of dollars and
cents. It 1s recognized, of course, that some companles
transmit thelr power further %o their load centers than
others and that some distribution systems are old and some
are new; that some distributlon densities, that is, the num-
ber of customers per mile of distribution line, are low and
some high; and that because of these and other factors, soma
power companies have a greater legltimate loss than others,
but, if some idea of the sums of money involved in this prac-
tice of energy diversion is given the reader, the purpose of

the astimation of thase losses 1s fulfilled.
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METHODS USsD IN POWsR THEFT

The principal methods used fo stseal poﬁer ars:

1. Backing out of the line fuse located ahead
of the meter. This gives'unmeﬁered
service on half of the house.

2. Placing shunt wires on the meter so that
most of the current goes through shunt
wiras.

3. Tapping a load to the line wires ahead of
the meter.

4. Reversal of rotation of the metser disc.

5. Boring holes in the meter cover and in-
serting objects such as hairplns
through the hols to make the meter
dlsc run slower or stop altogether.

6. Reversing the ground and power lines %o
the metor.

7. Altering temporarily the position of the

i,

meter, such as letting it hang down or
at en angle in order to slow or stop
the disc.

8. Causing gases to penetrate the meter cover
which make gummy aeposits on the meter
disc and bearings that slow or stop

the disc.







EFFORTS T0 COMBAT ENERGY DIVERSION
One of the first efforts to lessen the lossas due to
energy diversion was the installation of safety steel fuse

cabinets which wers sealsd. The main line fuse and switch

were the most accessible parts of the wiring system and
: %
theft occurrad at this point more frequently than elsewhere.-

These steel switich and fuse cabinets were well worth thelr

cost, but as moat of the wiring was open, people found that

the insulation could be removed and jumper connections made
around the meter, or the lines to the house distribution
system could be tapped without ruch trouble. This practice

was, and still 1is, very hard to detect if claverly done, be-

cause of the greater number of almost inaccessible places a

jumper can be attached to the wires ashead of the meter, es-

pecially when the service wires enter the house through the
attic. Power companies in Mexlco and Cubs attacked this part

of the problem by installing concentric cable from the pole

to the meter. The cable was connected so that the neutral
or grounded wire was outside. The use of concentric cable
has rapldly increased in the United States, espacially in

small towns and rural districts where the electrical wiring

codes 1n use iIn the particular places permitted its use.
In places where 1t could not be used, steps were taken to
gecure the revision of the local electrical code. In largar

cltiaes, condult was specified for all new wiring from the

¥Electrical World, July 15, 1932.




service entrance to the meter, which gave about as mich pro-
tectlion as concentric cable.

There were stlll two very weak links in the wiring and
recording system, namely, the steel fusé boxes and the un-
protected meters. People continued to.break open sealed
fuse boxes and steal power. When asked about the broken seal,
e blown fuse was offered as the reason for breaking 1t to in-
sert a good fuse. Even though the power companies knew that
theft was occurring, nothing could be done about it, as a
broken seal, under these conditions, was no evidence of theft
that woulc hold in court. A few offenders could be caught
in the act of stealing, but the great majorlity were smart
enough to remove jumpers or screw in fuses before & meter
reader or investigator was admitted to the meter.

Court action in the cases where offenders were caught
almost always raesulted in acquittal for the accused. Few
juries would convict enybody of stealing from the power con-
panies because of the great loss of good will suffered by
the industry due to the depression, and to the general ill
feeling againet the utlilities prevelent in moat parts of
the country. Also, if the power company failed to secure a
conviction, it was faced with a big libel suilt by the person
accused of theft. Thase libel*suits were very easy to win
becauge of the same factors mentioned above. One Florida
utility started an intensive campaign against power theft
by making court cases against a number of people agalnst
whom a good deal of evidence had been secured. The idea

was to make an example of these offenders to dlscourage

16
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other customers from continuing the practice. Day after day
the attendance at these trlals grew until standing room was
hard to find in the courtroom. Such extraordinary interest
puzzled the power company and the court. The jury failled to
convict a single offender despite eye witnesses to fraud in
several cases. A few weeks later a regular epidemic of
enorgy diversion broke out, almost doubling the trouble pre-
viously experienced. The company discovered %to its sorrow
that the spectators at the trials had carefully memorized
the methods of stealing explselned to the jury as evidence by
the power company lawyers sand, convinced of thelr immunity
to prosecution, had proceeded to mske full use of thelr new
knowledge. Besides this, most of the accused people brought
libel suits against the power company that cost considerable
money to settle out of court.

Power thieves found that tiny holes could be drilled in
the glass bowls on the KWH meters and the rotat ing disc
stopped or retarded by inserting & wire or halrpin through
the hole. Also, meters were unfastened at the top and al-
lowed to fall forward so that the rotating disc scraped
and stopped. By refastening the meter in its regular posi-
tion, the disc would start to rotate again.

Methods such as these forced the adoption of indoor
meter boxes © with concentric cable or condult. The National

Electric Code was finally changed to permit the placing of

* Blectrical World, September 15, 1934, "Solves Many Meter-
ing Problems," Albert J. Allen.
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the maln line switch and fuses on the load side of the meter.
This made it possible to use condult or concentric cable with-
out a bresk to the meter.

Some utllitles began experimenting with outdoor meter
installationsww with the meter placed in a weather-proof,
metal box with the service encased in condult from the meter
box to the point where the wires first contect the bullding.
This type of installation proved to be very satisfactory; as
all the wiring, including the meter, 1s in full view of the
moter reader. Also, if the cust omer tampered with his wir-
ing or meter, he had to do so outdoors, in full view of any-
one looking at the %time, although he might do so at night.
But even then, the meter reader would notice the wiring when
he read the meter.

Outdoor meter Installations are now standard for new
installations in many parts of the South and West, and
thelir use is steadily increasing everywhere.

The latest iwmprovement in this method of metering 6lec-
tricity is the S type, socket meter, first developed by the
Westinghouse Electric and Manufacturing Company, which is
illustrated on the next page.

It is an assembly of parts whereby any standaréd meter,
from 1915 to date, may be converted into a more theft-proof
device. 1In brief, the meter mechanlsm is mounted and wlred

to & panel which 1is plugged into a cast lron bowl or recep-

Ne e
Ry

Electrical World, July 14, 1934, "20 Years of Outdoor Metaer-

ing" - 0. E. House.




tacle, much as 8 radio tube is plugged into its socket.
Then a glass bowl 1s put over the meter and locked with a
special locking ring and seal. The iron receptable is
threaded at top and bottom for condui?, and fits into the
conduit at any desired point.

The problem of dealing with energy diversion is some-
what peculiar in that many indirect methods have to be used
to combat the practice.

Utilities, at the present, value the good will of their
customers very highly and will go to about any length to
keep it. At least the more progressive companiss have this
attitude, and rightly so. It follows, then, that when a
customer is suspected of stealing power, extreme care must
be used in investigating the case. An iInspector must get to
the meter at least once, usually more, to ilnspect it and
the electric wiring all the way back to the point where the
wires first touch the house. He must accomplish his pur-

pose without malking the customer suspiclous or angry, if

possible, and above all, must not accuse the customer of
theft even when & jumper is found in use, or definite evi-
dence found of other meens to defraud the power company. A
bungling investigator can easily lose the good will of half
a dozen innocent customers in catching one guilty one, and
this 1s worse than if the gullty one had remained uncaught.
Power cormpany investigators have considerable diffi-
culty in catching power stealing customers in the act of
theft. However, the finding of posltive evidence that

power has been illegally diverted from the meter 1s not too




hard, since it is very difficult to tap onto wilres or switches.
without leaving cut or broken insulation, scratches on switch
blades or contacts, streaks in dust collected on walls, etc?
But 1t has been found, as previously mentioned, that the best

of evidence, even eye witnesses, will not always convict in

court. This means a potential libel suit every time a court

case 1s made. This is very unsatisfactory from the utility

stendpoint. But perhaps the greatest objection to legal

action in cases of power theft is that the utility has no

assurance that theft of power will not be resorted to again.
Somg utilitles tried, and some are still using, a policy

in dealing with customers suspected of power theft, and those

of whose guilt no doubt exists, that is perhaps best des-

cribed by following the actlon of such a case.
One of thelr customers, say a Mr. Brown, is found to
have a power bill of approximately half that of a year ago.

The bill for each of the twelve months shows a gradual de-

crease from the preceding month. Discrset ingulry by a

special investigator shows that the same number of pe ople

are using the premises where the meter is located, that an
electric refrigerator and several appliances have been pur-

chased by the customer during the year. An inspection of

the customert!s meter and wiring, shows that both of the hot
service lines ( a 3 wire, 220 volt service) have been

stripped of insulation for about an inch in a remote part of

“Electrical Joumal, October, 1934 -- "Rumors Pay Dividends",

by W. W. Palmer.
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the attic. Dust marks indicate the presence of a wire or
pair of wires at some time in the past. With the above evi-
dence, little doubt can exist but that @r. Brown is gullty |
of energy diversion. Yet, 1t would not be desirasble to go
to court about the matter, both from a publicity viewpoint
and from the almost certainty that the above evidence would
not secure a conviction.

Mr. Brown is sent a registered letter, a delivery re-
caipt being required, stating that his wiring is in a haz-
ardous condition and for him to tell his contractor to get
in touch with the power company to find out what mst be
done to correct the situation. If Mr. Brown follows the
instructions In the letter, everything is well, as the
utility specifies the most modern type of theft proof in-
stallation to be put in at Mr. Brown's expense. If,
though, Mr. Brown himself appears at the power company's
of fices demanding to know the reason for such a letter, he

is shown every courtesy while the evidence is told to him,

leaving the impression that only a little part of what is
really known about him is being discussed and intimating
that the company 1s ready to go to court with the case.
The company representative 1s very careful never to say
that Mr. Brown is stealing power. It is claimed that a
talk on the above lines produces results most of the time.
Mr. Brown may be a "tough" customer and say that the
power company under 1lts charter must provide service for
all, that the service cannot be legally cubt off as long as
he paid his bill unless 1t could be proven in court that he




Outdoor Meters Installed
According to Southern Standards

Meter installation regulations of Southern Public
Utilities Company require that, as far as practicable, out-
door meter boxes are to be installed on all new wiring of
single-phase services. It also applies to some rearranged
wiring or addition to existing circuits where the capacity
does not exceed 60 amp. if switch and fuses are used;
when circuit breakers are used the limiting capacity is
70 amp.

The outdoor box is located about 5J ft. from the
ground. A 60-amp. entrance switch is placed inside close
to the entrance and the grounding is made to available
water pipe at this point. The surface branch circuit
cabinet may be installed elsewhere if more feasible.
Three No. 6 wires are prescribed as a minimum as far
as the switch and three No. 8 wires thence to the branch
cabinet.
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