EXPECTED OOSTS FOR SERVICE INTERRUPTIQN
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This paper introducs a mathematical model for expecting
the value of cost of service interruptions. Since, this cost
ig sffected wmainly by reliablility level of the power system,
the forced and scheduled outagges for the different eloments
are congidered. Mathematical relations for the determinati.n
of reliability indices are derviated and the factors affecting
ttiese reliability indices sre studied. Then relations relat-
ing the expeoted coet of service interruption end reliability
indices are proposed.

1-INLRODUCTION

Reliaebility prediction is a method of quantitively stating
what ies expected to occur and can be used to indicate the rela-
tive meriis of alternate design proposals with regard to a
predetermined. level of performance adequacy. Reliagbility
engineering is therefore both a measure and discipline,

Methods are avallable for estimating the service reliabil-
ity which any particular power system can be expected to provide.
Therefore, the cost of congtructing a power system which will
provide any specified level of service reliability can be deter-
mined., The cost of obtaining a specified level of reliasbility
can be one side of the equation, however the other side involves
the elusive guantity of reliablility worth or the cost of service
interruptions.

Tho cost of power interruptions which has been developed
18 used to sssess and discuss power system reliability econcmics.
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2= THE PROBLEM:

For the propose of expecting the cost of service interrup-
tions in electrical power systems, the forced and scheduled
outagee must be considered. Also the duration of these outages
should be taken into considerations.

So, by the use of mathematical formules relating the relia-
bility indices of the gyatem, gpecific losses of consumer and
cost of service interruptions, the expected cost of service int-
erruption could be determined.

3~ RELE&BIEITY_ENDEEES gF TEE SEETEN

It is clear that the expected down-time ratio of suppling
load=-point (the probagbility that load-point will be disconnected
at some remote moment and the expected frequency of outages for
load-point are two indicees sufficient to determine the expected
value of losges due to load-disconnections.

3+1 Factors affecting reliasbility indices of power systiems.

The different factors affecting reliability indices for
complex power networks arei-

l- Muinterance outages.

2~ Busbars fallures.

5= Malfunction of circuit breakers.

4~ Overlapping of simultaneous independent outages.
5~ Influence of weather conditions.

6~ Overloading conditions for the differsut elements in
the power networks.

All these factors must be considered for the propose of
reliability indices calculations,

3. Mathematical Formulation of Religbility Indices

3.2.1 General

Complex networks may be classified to nodes and branch-
es. The branches may be simple s2rieas or parallel elements.
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3,2.2 Notations

axpected irequency of outages for load-point.

expected down-tim ratio of sappling load-point,

pusbars forced outgges rate in per hundred circuits and
year,

number of circuits.

average repair time,

probability of lacking openings in cases of short-circuits
on paths directly connected to the node,

avergge switching time. ,
specific outgge rate per hundred KM of line and year.
lengths of individual lines.

specific outage rate per hundred transformers agnd year.
number of transformers.

forced outage rate of 1 series elements.

down-time ratio of i1 series elements.

i

i
r, aversge component repalr times.
2

yearly maintenance ~ time hours.
weather conditions

lengtn of normal weather period.
length of adverse westher period.
manual reclosing times.

outage time cesused by overlapping.

3:2+3 Networknodes

The foctors affecting on the calculation of the forced

outeze rate and the down-time ratio (F, D) on nods of power
system are the busbare fallures which equal f,, N, the malfunc-
tions of circuit breaskers and the totsl number of primary
failures in the appurtenant region which equal ch (QLE%:li +
ft nt). i=]

the

Then the equations represents toe forced outage rate and
down~time rgtio becomes

»
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3.2.4 Network branches

I. Beries elements srrangements

The determination of forced outage rate and downtime ratio

in geries elements neglecting the maintenance outages are given
by the following equations

fa = ; fi cosee(3)
n n
f
Sy S S e ()
T
1=1 1=1

II. Parallel elements arrangements

For the parallel elements arrangements and taking the
maintenance into considerations, the factors (1= --——a-)will
T

represent the fractionof time T with no scheduled outages.

By considering the weather conditions, we bhave a two=~
state model, normal weather Nw and adverse weather Ag.

For the two-state model the consideration of weather
influence on failure ratesa (W) whioh defined as the ratioc of
the expected value of simultanecus outages of n parallel eleme-
nts to the expected value calculated with one average failure
rate is glven by y

e vy Iy Dea-ohsT ¢ * Tooqm ®)

( X+ (1 =-)B)®
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anrd ‘% -fallure rates , r-average repair time of element

For calculating the relisbility indices (¥, D), we must
copgider the following correlating factors“:-

a) Correlation factor Kc due to constructionsl aspects

This factor 1s for considering the mult-circuits in trans-
mieslon lines, csbles, and busbars in multiple-busbsar stations,.

Kc = 0 for all other arrangements.

b) Correlstion facter due to nonselective trippings of protective
devices

The disconnection due to nonselective tripplings are deter-
mined by the lay-out and quality of the gpplied protective devices,
and by extent of autoreclosing and its eiflliciency.

Fallure correlation of this kind was observed only for
neighbouring element, 1.e. connected to the same node.

¢) Correlgtion factor Ko due to component overloads at forced
disconnection of parailel pathsi-

For the parallel transformer
errangemsnt in Fig. (1 a) and the
curves shown in Fig.(1 b) the relations
hetween the probabllity of exceeding
looding and the trancsformer KVA per

Arn. peak KVA demand are givens.

Figo :I a
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wWhere Pk - pesk lood at L ;E Ci ~gummation of capacity for
m elements =

Then, from the assumed relation KO = f(~), Fig. (2), the
probability of overload outage is found.

The equations of parallel elements arrangements which tekes
into account of all factors discribed above and in additional to
frequency of outages if both paths have overlapping independent
forced outeges and frequency of a forced outags over lapping a
scheduled outages becomest=
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Fig. (3) gives the flow charts for reliability indices calce
ulations.

4, Tne Specific Logses of Customer

The specific loase97'8 in terms of KW lost, Cd, and interr-
upticon duration is proposed to be expressed as

Cd=a+btd o-o--o(?)

where
Cd is the cost of specific load-disconnection
a is the cost per kW lost,
b is the cost per kwh
td is the duration of losd disconnection

fc, 1n £/xw

(cost/per Kw)

duration of load disconnection td hours,

-

Appling the reliability indices in the above equation of
loss~characteristicas, the expected vslue of costs for service
interruptions due to load disconnec tions at a station with
average load Py in MW 18

Expec:ted Cost = (AI' P+ BI' DT) PBW ooooooo(B)

5. Conclusian

It could be concluded that the cost of servicc inturrption
18 affected maeinly by the reliability indlces for power systoms.
i fferent factors must be taken into consideration for calculat-
ing the reliabillity indices.
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The studies and anslysis of these factors makes it possible
to formulete equgtions for computing the reliability indices.
Also, from the anslysis given, it is shown that two indices are
sufricient to express the reliability of the power system.

The proposed linear egquation representsthe expected cost of
service interruption as a function of the computed reliability

indices appeers to be a simple and sufficlent accurate equation
of this purpose,
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