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ABSTRACT

The paper symmarizes the results of a 1974 survey
of the reliability of electric ulllity supplies to in-
dustrial plants. Results include the everage rates of
occurrence and durations of power interruptions as a
function of type of eleccric utilicy supply, This in-
formatfon should help indusctrial plant operators choose
the Lypes of eleceric utility supplies best sulied 1o
their plants.

INTRODYCTION

The elestric ntility supply teliability survev ye-
ported here i& & Followup to Lhe 1977 survey of the re-
liabiliey of electrical equipment in Induscrial plants
1.2 The 1972 survey showed that the eleccric utilicy
supply ix the most falllble "component" of an Iindustri-
al plant system and therefore deserves careful consid-
erat ion.

Certatn af the data in the earlier syrvey were
subject to possible error due to misinterpretatiom of
the survey form. HKence, a prime cbjective of the pres-
ent survey was Lo improve the accuracy of data on elea-
tric utilicy supplies. A gecond objective was to pro-
vide more detailed and definitive daca on electric
utility supply interruption rates and average duratirns
as a function of the number of supply circults, the
type of switching scheme, and the voltage of the sup-
ply circuita. A third objective wap to obtain dara
from a larger number of plants than in the 1972 survey
thereby permitting interruption rates and average dura-
tions to be determined wirh greater precision. A total
of 87 plants provided useble data, almost triple the
number of plants providing data on electric utility
supplies in the 1972 survey. Survey responsc broken
down by industry is as follows: cement = 2, chemical =
14, metal = &, petroleum = 30, pulp and paper = 1, ruh-
ber and plascics = 4, and other manufacturing = 32.

It should be emphasized that electric urility sup-
ply reliabiliey fe a function of a number of factore
not directly identified in the data presented here.
Included in these reliabilicy-influencing fartors are
iine exposure, Weather and other environmental condi-
tiona, and uiility operaiing and maintenance practire.
Thus, the electric utility supply reliability data giv=
en in this paper represente average performance and
should nor be used in preference to specific dara when
this is available. Methods are available for computing
the reliabilicy performance of an electric utility sup-
ply when the reliabilicy performance paramecers of u-
tility aystem components are known.

SURVEY QUESTIONNAIRE

The survey quescionnafire requested the following
data for each elecrric wtility supply.
1. Type of industry
2. Type of electric urility aupply
4. Numher of utiliry clreuirs supplying the
_ plant
i? Hembevrs of thoe Power Sysrems Reliabiliry Subcom-
mittee are: A. D. Patton, chalrman, C. F. Becker,
M. F. Chamow, W. H. Dickinson, P. E. Gannon, M. P. Har-
ris, C. R. Heising, R. T. Kulvicki, D. W. McWilliams,
R. W. Parisian, and 5. Wells
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b. Mode of operatjon if more than one supply
cireuit: all circuit breakers normally
closed, manual throw-over scheme, or auto-
matic throw-over acheme i

c. Voltage of utility circuits supplying the

plant

d. Type of supply circuits: overhead or
underground

e. A sketeh of the electric utilicy supply
system

3. The period of time covered by the survey re-
port. (Respondents were asked to limit their
response to the period January 1, 1968 to the
present.)

4. The number of interruptions to the plant due
to loss of the electric wtillity supply during
the time peried of (3).

5. The duration of each electric urility supply
interruption, an indication whether service
was restored to the plant by a switching oper-
ation or by repeit or replacement of failed
equipment, and, if known, the equipmeat which
failed causing the interruption.

SURVEY DATA SUMMARY AND DISCUSSION

Some respondents to the sSurvey listed volrage dips
which caused disruption of plant production as well as
complete interruptions of electric utility service.
Other respondents commented on production disruptions
due 1o volrage dips without giving details. However,
most respondents reported only on complete 1nterrup-
tions of service and this was the intent of the survey.
The Subcommittee feels that the sensitiviry to voltage
dips is a racher unique characteristic of each plant
and process and that average intferruption rates includ-
ing voltage dips would not be very meaningful. There-
fore, all veltage dip events were removed from the sur-
vey data leaving only those interruptions due to com-
plete loss of electric utility service. Hence, the
interruption rates given in the summary rables reflect
complete loss of electric urility service only. If a
plant is gensitive to voltage dips, the rate of auch
events muat be added to the reported interruption rates
to obrain the total rate of production disruption due
to utility supply troubles.

Almost all respondents Indicated that utility sup-
ply circults are overhead rather than underground.
Hence, no effovt was made to separate supplies with
overhead and underground circuits., The data given in
the sumsary cables assentially reflects overhead sup-
ply circuits due to the preponderance of such circuits
in the survey Tewponse.

Preliminary analyses of utiliry supply interrup~
tion rates by Industry category indicated no signifi-
cant differences between industries. Turther, there
seeme to be no good reason why utilicy supplies of the
mame type and voltage should Jdiffer between indusctries.
Therefore, the data presented in the summary tables is
not broken down by industry.

‘The survey response broken down hy number of
urllity supply circuits, voltage of utilicy supply cir-
cuits, and mode of operation of multiple supply circult
uctility supplies ig given in Table I.
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Table 1
Number of Responding Plants
With Electric Utility Supplies
of Various eg

Number of Supply Circuits

1 circuit - 20 plants
2 circuits - 56 plants
3 or more circuits ~ 11 plante

Supply Circuit Voltage

voltage < 15 KV - 22 plants
15 KV < voltage < 35 KV - 17 plants
volrage >35 KV - 48 plants

Switching Scheme of Multiple Circult Supplies

all breakers closed ~ 45 plants
manual throwover - -9 plants
automatic throwover - 13 plants

Table 1 shows that two-circuit supplies are the most
common among the responding plants. A much smaller
number of plants reported three or more supply cir-
cuits. ALL multiple-circuit supplies arTe combined in
rhe data tables which follow because such supplies are
expvcted to have similar interruption rates and be-
cause of the relacively small sample of supplies with
three or more circuits. Responses have been broken
into three voltage categories corresponding roughly te
distribution voltages, subtransmission volcages, and
cransmission voltages. This was done because electric
utility design and operating practice is rather dif-
ferent at these three function levels. Hence, it can
be expected that vtility supply reliability will be a
function of the system level at which service is pro-
vided.

Table 1 indicates that about two-thirds of the
responding plants having multiple circuit utility sup-
plies operate wirh all circult breakers closed. That
is, service is supplied simultaneocusly over all supply
circuies. Serviee may also be lost, however, by fail-
ures in the plant substarion or by a widespread fallure
in the supplying urility's system. Plants having
throwover schemes operate with a single circuit pro-
viding normal service. Thus, such plants suffer an
interryption any rime the normal supply circuit falls.
The duracion of interruption to such plants is usually
limited £0 the time required ro reclose the normal
supply circuit or to switch to the alternate supply
circuit if the normal circuit iz permanently faulted.

Table TI summarizes interruption rate and average
interruprion duration data for single-circuit utility
supplies broken down by voltage ievel. Intecrruption
rates and average durarions are given separately for
interruptions reported terminated by utility switehing
operations and by repair or replacement of railed cam-
ponents. Also given are overall interruption rates
and average durations.

Tables [II and IV show duterruption rares and
average durations for multiple circuit utiliry suppl ies
broken down by switching scheme and by voltage level.
Table V shows interruption rates and average durations
for multiple-circuit uzillty supplies which operate
with ali circuit breakers closcd broken down by volr-
age levels. Similar breakdowns by voltare fer throw-
over switching schemes were not possible due to lack of
an adequate data base.

Interruption rates and average durations are Kilven

in Tables II through V for interruptions where service
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i restored by: (a) some mwitching operation or se-
quence of switching operations in the electric urilicy
system, and (b) repair or replacement of components
which failed in the electric utility system. I1f serv—
ice can be restored by some automatic or manual switch—
ing action 1in the electric utility system, whether re-
mote or within the utility switchgear at the plant, in-
terruptions are usually much shorter than if repair or
lacement of failed components is required to restore
service. The reasan for providing data on both short-
duration switching-terminsted interruptions and on
long-duration repajr-terminated incerruptions is be-
ciiuse of possible differences in impact on plant oper-
atfons.

It should be mentioned here that interruption
rates and average durations computed from a small nem-—
bar of observed interruptions should be regarded as
less accurate than those computed from a4 larger sample
of observations. In particular, Reference [1] shows
that interruption rates computed from an observed num-
ber of interruptions less than about 8 or 10 may well
ba in error by plus or minus 50 per cent or more due to
random variations alone.

The data of Tables IT through V show the expected

trends.

(1) Utilicy supply interruprion rates are lowest
for multiple circult supplies which operate
with all eircuit breakers closed and highest
for single-circuit supplies. Tables Tl and
IIi show that the interrupiion rate for sin-
gle-circuit supplies is about six times that
of multiple circuit supplies which operate
with gll eircuit breakers closed. Interrup-
tion rates for multiple-circuit supplies
which operate with a throwover scheme are
comparable to those for singleé-circuit sup-
plies, but tnrowover schemes have a smaller
average interruption duration than single-
circuit supplies.

(2) Interruption rates are highest for utllity
supply circuits operated at discribution
voltages and lowest for circults operated ar
trangmission volrages.

Direct comparisons between {nterruption rates de-
termined in this survey and in the 1972 survey are not
possihle In every case, but where possible show some-
what higher values in the present survey. S$ince the
present survey is helicved to be more accurate, has a
larger data base, and is more up-to-date, the values
presented here are to be preferred aver those presented
in 1972 survey.
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Table I
Single Circuit Utility Supplies
Number of
Interruptions Interruptions Average Interruption
Reported* Per Year** Duration, Minutes*
5 ks & 5 o0hf
5 75,905 2,715 .62l 3.5 165 125
0 2 - L.6%7 L.657 - 5 51
£y 60 .52 843 L3N0 LS 59 3
62 156 .55  1.400 1.956 2.3 110 79
Table II1

Moltiple Circuit Utility Supplies
All Voltage Levels

ANNEX D

Voltage Unit-years

Level of History

v<15KV 21.62

15KVewa35KY 12,67

v>35KV 71.16

all 111.45

Switching  Unit-Years

Scheme of History

all breakers 246,17
closed

man. throw- 42.33
over

auto, throw-  64.36
over

all 352,86

Number of

Interruptions Interruptions Average Interruption
Reported Per Year Duration, Minutes
I T
63 4 .25 057 312 8.5 130 i
) 5 .3 J18 L850 8.1 84 19
66 11 1.025 Q11 1196 0.6 96 14
160 30 453 085 538 5.2 110 22
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Table IV
Multiple Circuit Utility Supplies
All Swiching Schemes

Number of

Interruptions Interruptions Average Interruption
Yoltage Unit-Years Reported Per Year Duration, Minutes
Level of Ristory E‘,S_ E is_ l_li i r_s :‘3 i
v<15KV 81.31 52 12 .640 48 788 47 149 32
15KV<v<35KV 18.00 39 5 .500 064 564 4.0 15 1
v>35KV 193,55 69 13 .357 067 426 6.1 184 34

Table V

Multiple Circuit Utility Suppiies
ALl Circuit Breakers Closed

Number of

Interruptions Intertuptions Average Interruption
Voltage Unit-Years Reported Per Yealr ) Duration, Minutes
Level History is_ ﬁ A_S k i is_ _r-lz '
v<13KV 45.61 8 4 175 088 263 0.7 335 112
I5KVev<35KV 52.61 18 I .34 019 0361 7.0 120 13
w35KV 147.95 3 § .25 061 311 1.0 203 49

™_ and N_ are, respectively, the mmber of service interruptions terninated by switch-
ing and by repair or veplacement.

**lnterruption rates and average durations subscripted § and R are, respectively, rates

and durations of interruptions terminated by switching and by repair or replacement, Un-
subscripted vates and duration are overall values.
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