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Part I. BEffect of wemther conditjions.

ABSTRACT:

The goal of this research is to assign the sesson during which
the opted various systems having best and high relisbility level
along six years of resesrch, This aim is satisfied by suggesting
a new classification for the reliabllity level by the aid of which
we determine not only the conditions for having best relisbility
level but also a complete clsssification 48 attained and their
corresponding seasons, This 1s executed for each interconnector

' along the years of research. Numerous statistical data is collec-
ted including the instances of disconnection and comnection for
each outage along each year of the research pefiod. The systems
opted for ressarch are parts of the ARE unified powsar system.

1- INTRODUCTIONs

The term reliabllity, availabllity, adequacy, dependatility
and security are defined ss the needs for capability by certain
specific system., The application of these terms has evolved over
many decades, and therefore usage of some of the terms is unique
to the area of power system applications.
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48 a goal, the evaluation and computation of electric power
ystem reliability requires a consistent technique to be used for
11l portions - generation, tranamission and distribution Byatem3.

-t present, a number of different methods are used for the gensr-

tion systems, while the frequency and duration of outage seem to
e developed as a standard rwesgure for the analysis of the distr-
bution system. A4 reliability calculation method for the genera-
ion system incorporates the frequency and the duration of unit
utages including load curves consideration., This method leads

0 calculating the tranamission reliability messures which aret
vailability, frequency of occurrence, and mean duration of

sgerve states. These are cumulative staetes in which they specify

.16 system reserve conditions of a given masnituda3. Anglysis of

swer system relisbility is a problem area which has recsived
angiderable attention along the years. Most of these efforts

remont planning of tranamission system., 4 renewed interest in
1i8 particular problem naturally arises when efforts are made
> integrate this work with more recent efforts that have been

:3noted to the evaluation of the reliability of the transmission

1d distribution systems. Immediately one is confronted with the
.verpyence of reliability measures commonrly used in the various

wrtiong of the system and with their apparent lack of compstibi-
>

. .%y“. The function of modern power systems is to satisfy the
; 'stem load as economically as possible, and with a reasonsble
. wel of continuity and quality4. This latter aspect has been,
:1d always will be, of considerable concern to power - system

o

-~

gineers and managers, FPower systsms conteln, by design, many
dundant elements strictly for the purpose of increasing the
surance of continuity and the provision of high-quality ser-

ce 10 the customers. Hedundancy is provided ip many forms such v
gyeneration - capacity reserve margines, interconnectiona with
ighbouring utilities, additional tranamission and distribution i

.ements and the simple or complex alternate supply facilities
ich exist in virtually all functional areas in some form or
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gnother. These facilities exist because the basic system designh
philosophy recognises, and therefore anticipates the possibility
of equipment failure and the need to remove squlpment from serv-
jce to perform preventive maintenance.

2. INFLUENCE OF WEATHER_CONDITIUHS:

2.1 The Jystem load:

The effect of westher on system load depsnds primarily
upon the load and wegther characteristics of the system under
consideration., For exsmple, a system having a high percentage
of certain types of industrial load which may not be heat sens-
itive, may be affected very little by weather if the air condi-
tioning saturation is quite low. Some weather load models may
be developed for a given system having specific characteristics
and are, therefore, not be spplicable to amother system having
different characteristics. It would appear that this weather
load model should be applicable to systems having a wide range
of different loads and weather characteristics. The general
effect of weather on system load both demand and energy can
easily be determined from a few years of historical information.
One should obtain as much historical information concerning the
load characteristics as practical before attempting a weather
loagd correlation analyeis.

2.2 The Reliability level:

2.2.1 Network elected for studys

A certain transmission system is studied to yet the pro-
bability of torced cutage in addition to the reliability of this
system. The system is opted a part of the A.R.E unified power
gystem. The system under survey counsists of three interconnec-
tors which are defined gsi

Ll : (Talkha ~ Tanta) interconnector,

L, + (Talkha - El-Zagazig) interconnector,
and. L§ : {Tanta = Desmaphour) interconnector,
for the 66 and 220 KV systems.
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2.2.¢ Numerical appllication:

It is reguired to derive the infiuence of the weataer
conditions on the probabllity of the forced outage, that is,

e rellability of ithlg system of each transmission iipe dur-
i the various seasons or the research years (wiuter, spring,
sunmer, and autumn). winter season nas a period veglnning at
2iti of iecewver, till 20th or warcih of cobsegquative year or
2160 hours, wnen February having &Y days, and 2156 hours for
Feoruary baving & dayse. oprlh, season nas a perlod initiated
by &l Wearch sia terminaled ty 20 June whicn includes 2184 days.

summer season has a period iunitlated by 21 June grnd lini-
sned by 20 september which incluaes 2l¥4 hours.

dventumlly autumn season has a period lanitiated by <l Sep-
tember and finished by 20 Decembsr.

2.2.3 Graphical represectation of probabliity of
forced outapes

The seasons have nigh eflect on the probability of for-
ced outgge through a certain speclfiied period, which ylelds to
a groper prediction for the reliability in the futurs.

Temperature aund wind variations nave an influence on the
fault occurring. The protability of forced outage depends on
tne outage time, It is noticed that for a higher valus ol the
cutuge time the transmission system hes a pad reliabiiity where
for the lower value of the outage time a good reliabllity may
be obtalned.

Iuis research is expresgsed in a grapunical form shown in Figs.
(1)y (2)reess(6) for tne two systemas €6 end @20 KV over six
years of raegearch period (/2 months).
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JINTER SPRING ©  3ULIMER AUTTUN
SEASOIIS .
Fig. ( 1) PROBABILITY OF FORCED OUTAGE SEASONS CHARACT-

ERISTICS, FOR THE OPTED NETWORK DURING 1971
YEAR,
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. Seesons.,
Pig. ( 2) Probabiiity of forced outare seasons characte
erintice, for the opted network during 1972
Year,
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. Seasgns.
Pig. ( 3) Probability of forced outage peasong charact-

eristice, for the opted network during 1973
yeer.
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167 " PROBACILITY POXCED OUTASE (g)
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JINTER SITRING SUMRIER AUTUIN

Seanona,
Fig, ( 4) Probabllity of forced outege seacons charact-
erintice, for the opted network during 1974
year,
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10-2T PROCABILITY OF FORCED QUTAGE (Q)

wINTLR wi LT SULLIER AUTUMN

Seasons,
Fig. (%) Probabllity of forced outage seapons cheruct-
eristicn, for the opted network during 1975
year.
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10724 PROBARTTITY OF PORCED OUTAGE (Q)
1,
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¥INTER SPRING SUMMER AUTOLT
Seasons,
Fig.s (6) Probability of forced outage seasons characte-

erlstics, for the onted network during 1476
year,
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Tables (1) and (2) summarize the characteristics and recor-
ds of the probability uf forced outage for 66 and 220 KV inter-~
connector systems respectively over each year of the research
period. These tables also illustrate the class of the probabil-
ity of forced outage at the various weather conditions i.e.
different seasons. GClass A indicates lower probability of forced
outaze 1.e. higher and best reliability level of the transmission
system.

Class B is the next one to class A, however, class C Jdisp-

lays the third category with respect to the better reliability
level. '

Class D expresses the bad reliability level, Referring to
Table (1) of 66 KV system, the summer season bas a comparitively
good reliability through the six years of reseerch. This ascri-
bed by the fact that this season has the best and highers relia-
bility level (class &) during major part of the years, 1973,1975 &
1976. However the autumn season has the next number of repetit-
ions of class A to the summer season through 1972 and 1974.

Finally the winter seagson is the third one other the prece-
ding two seasons which have class A since it has the property of
this class during the year of 197l only.

On the other hand the winter season has a bad condition of
reliability (class D) along the period of study (six years) since

the properties of this c¢lass occur during the years: 1973, 1Yv5
and 1976.

Regarding to Table (2) for 220 KV system we can counclude
that the autumu is the seaseon wiicn aas the best and nigher level
of reliabllity (class 4) tarough a comparatively main part of the
pariod of research (1lY/2, 197% end lu75). Spring seasoun is the
second cuate,ory next to tne autumn one since it haes class 4 dur-
ing the years 1Y/l and lY/4 only.
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Table (1)s Probability of ferced outage for 66 K¥. system.

======‘-i"d=-======‘=====ﬂ===“====It==’8================’=======’==
nes
Year Seas0DE Ll 12 L3 Class.
=g g A Tttt gt A A A A P T 1 T T T
1971 Winter 1.9 x10™% 5.8 x 107% 2.6 x 107 A
Spring 5.1 x 107% 10 x 107% 16 x 1074 C
Summer 5 x 107% 10 x 100% 6 x 107% B
Auvtumn 1 x107% 15 x 100% 17 x 107% D
1972 Winpter 6 x107* 15 x 107% 10 x 1007 ¢
Spring 11 x 107 7 x100% 9 x 107 B
Summer 6 x 107% 19,7x 107% 15 x 107% D
Autuan 10 x 107 0.ex 107% 6 x 107,
1973 Winter 9,0 x 1074 11.1x 107* 20 x 107 D
Spring 10 x 107%  11x107% 7 x 107 ¢
Summer 10 x 1074 6.3x 10°% 6 x 107% A
Autunn 7 x 207 11x10% 7 x10™% ., B
1574 Winter 11.2x107% 12 x 107% 16 x 107 c
Spring 10 x 107 10 x 10 7 x 107 B
Summer 4 x 107% 15 x 1074 6.2 x 1074 D
Autumn 5.6 x 100¢ 5 x 107% 9 x 1074 A
1975 Winter 11 x 107% 1.2 x 107% 11 x 107% D
Spring 10 x 107 1.5 x 1074 10 x 107% ¢
Sumner 10x 200 5 x107% 6 x 107% A
Autump 24 x 107 1.1 x 107% 7.4 x 107° B
1976 Winter 1.4 x1107% 9.4 x 207% 7 x 107 D
Spring 6.6 x 1007% & x 107% 14 x 207% B
Summer 8.3 x 10™* 5 x 10™ 5 x 1074 4
Autumn “16x 107 6 x10%s.a1ax1c™* ¢

A U S S S e e W W e e ol 8 e e Al N S R A e W Ml Mt e S i s S wmm % mt Rer Ay B P - e e e o e e T S0 oy
T et e e R
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Table (&) ¢ Probability of forced outage for 220 KV system.

======:============:============='—"===================':===:::‘-‘-‘:
Linas L L ]
=§22§=§'g§gggg==:====:i::l'::===='-:===-l‘=?—-_=====:::::::::Z::::::Sii:i
1971 Winter 1z x 107% 65 x 1074 16 x 1074 D
Spring 2.1 x 1074 34 x 107 24 x 107™* A
S unmer 2 x 1074 66 x 10~* 5 x 10~% ¢
Aukumn 11 x 1077 5o x 107% 5 x 1077 B
1972 Winter o x 107° 43 x 1074 81 x 1074 D
Spring 47 x 10°% 61 x 1074 4z x 107 o
Summer 53 x 1077 28 x 1074 25 x 1074 B
Autumn 23 x 107 72 x 107* 2.3 x 1074 A
1973 Winter 76 x 1074 45 x 1074 16 x 107% ¢
Spring 66 x 107% 14 x 10~% 91 x a0™* B
bugmer G2 x 1074 99 x 10~ 721 x 1074 D
Autumn 25 x 1077 26 x 1074 7.2 x 107% A
1974 Wipter 5.2 x 107% 35 x 1074 4y x 1074 ¢
Spring 39 x 100" 2.3 x 1074 25 x 1074 A
Summer 5% x 107 16 x 10~¢ 47 x 1074 D
Autumn 5% x 107 5 x 1074 29 x 1074 B
1975 Winter 2,1 x 1074 1y x 107% 62 x 1074 ¢
Spring = 9 x 107¢ 10 x 1074 33 x 1074 B
Summer  10.3x 1074 15 x 1074 52 x 10°Y D
Autumn 5 x 104 6 x 10~% 61 x 1074 A
1976 Wioter 16 x 10~% 21 x 107 19 x 104 D
Spring 2,1 x 10°% 61 x 107*% 9.4 x 107 c
Summer 1.4 x 1074 49 x 1074 9.4 x 1074 A
Autumn 10 x 10°% 25 x 1074 5 x 1074 B

. e S W o A e n W - A A i e MY At i P v M A A e M e G M e M g i A e S S My et Sy A ot e e e M W S e S o S . A R
e E L e R E TN N D D L T e S e m R L o L C o e m m S e o e e of o o 8 il e o o s W M S M 8 i . v i e R
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aventually, swmmer seasonl has the vest reliabjility level
during 1lv7o only.

For the 220 nV gystem, the winter and summer seasons have
¢lass D i.8. bad reliability conaition during the six years of
lesearci,

¥ is regquired to study tne puenomenon of the variation of
tne probability of forced outsge turoush the period of re sarch
for each individual season.

This study is executedfor Loth our systems. The cowpari-
sch between the season's variations along the specitied periocas
is very ueceesary Lo determine tue limitation ol thne probaviiity
ol torced outage (reliability level)} for each season for the two
systems under consideration.

The (probability of forced outage (g)-years ol research)
chiaracteristics, are piven in Higs. (7)), (8),...(10). From
thiase characteristics we can note thats

1, The prooability of forced outage for the ©6 KV system has s
lower value at the winter seasorn duriug ths 1971 and 14YY6
years tuan the other years. however the variation of the
characteristics alonx the six years of research has the seme
shape. But for the 220 KV system the probability of iorcea
outage changes such that their characteristics situate in
the upper side of that of the 66 KV gystem in most yeers of
researcn (Fig. 7).

2. During the spring season (Fig. 8) the probability of forced
Ouba,s Cluliyes Ilow yeur to another for toth two systeus,
excdpt tue first (Ll) transmission line for o6 KV system
which has lower values auriug the 197l and 1970 years, also
the probgoility of rorced outage ratios of the 220 KV sgysteam
wre often higher thao the first system.
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Fig, (7) PROBABILITY CF FORCED OUTAGE YEARS OF KESEARCH
CHARACTERIUTICS FOR THE OPTED WETWORK DURIING
THE WINTER SEASON,
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The probability of forced outagse through the summer seuson
differs from point to another alonyg the six years of research
except the first (Ll) transuission line for the 22KV systsm
which bes lower values during the 1971 and 1976 years.

The probability of forced outgge has a higher value at
tne gummer sesson than tue other sessons, 1.6, the outage time
at the summer season is greater tuan tne outa,e time of other
gseaasons (Flge Y).

During the autumn e@esson, the probability of forced outu,e
has & variance valus from point to another along the years
of study and the transmission lines characteristics (Fiy.l1l0).

The reason of variations of the probability of forged outgge
from year to another aloung certgin sessons iz gscribed by the
fact that the repair time is not similar.

It i3 very important from the point of view of prasti-
cal consideration for making the repair time to have s mil-
ioun value. This lead to better religbility level.

3o QUNGLUZLONgs

From the previous repearch we have the following conclus-

ions.

1.

.

For the 66 KV system the summer sesson has the best and high
reliability level (olass 4) during all the years 2f research,
However the autumn gesson id the next cne whioh has leas
reliability level since it has this charaoteristic through
$wo years only (1972 and 1974) along the eame psriod of study.

Vn the other haond the winter season has a bad dondition
of reliubility level (olass D) through our period of research.

The sutumn s6s50n has the Lest and uigh relisbility levsl
(slesd A) for thne 220 KV esystem during the major part of the
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152* PROBADILITY OF FORCED OUTAGE (Q)
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].5

1971 1972 1973 1974 1975 1976

YEARS OF RBSEARCH
Fig. C 9) PROBABILITY OF PORCED CUTAGE YEARS OF RKSEARCK
OHARACTERISTIOS FOR THE OPTED NETWORK DURING

THE S\MERR BEAGOIl.
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(10)PROBABILITY OF 1'ORCED CUTAGE YEARS OF RLGEARCH
CHARACTERISTICS FOK THE OPTED iIeTWOKK LUNTIG
TUE AUTUIT" LEALOL.
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perioa of research (1972, 1975 and 1975). Spring season is
the second category since it has class A during the years
14971 and 1974 only.

Eventually the summer season nas the begt reliability
level during 1976 year only.

Ihe winter and summer seasons have class D i.e. bad
reliability condition during all six years of survey.

The probability of forced outage for both systems differs

along the six years of study for each season. The repair

time must has a minimum velue which leads to a belter rel-
ility level. |
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Part I¥: Llfect ol types ol lault

The cewand is to prove that the single phase-to~;round
fault has lower 'religbility level than for other types of faults
for all interconnectors of various systems. To satisfy this
requirement, statistical data during six years is gathered fcr
the outages and their corresponding types of fault for uvauch
transmission lime, thus, reliability level is computed uuder
the constrairts considered. 4&lso, it 1s required to deteluitlic
the eflect ol other types o1 fauit under tne saue counditions.
series 0of curves are piotted Lo explain these requirements,

l, INTRUDLCTION:

—— —— g, T he. o ——— ——

The main factors at'lectii, traunsmission systems reliability
ares

a) lransmission ana suvstalicvi planihing.
b) Overloading, and
¢) Faults on transmission networks.

We shall concern here with the tnird factor. wost of the
faults that occur on power systems such as short circuits fau-
1ts lmpedances, or open conductors sre unsymmetrical faults.
They are classitied to siugle line~to-.round, line-to-liue or
double line=~to-ground faults. 1ne pabte of the fault current
from the line-to-~line or line-tu-_ rould way ol way ot conteiw
one impedance. One or two open couductors result 1o symmetricul
faults, elther through tne breaking ol one or two conducitors oru
through the action or fuses and otier devices that may not open
tne three phases simultgneously.

Wwith respect to tue shunt raults, the analysis of unbalau-
ced fault conditions involves-in pgenersl, tne three—-pnase sequ-—
ence networks of the given power system namely the positive,



'¢= Mansourse Bulletin June 1977.

negative, and zero seguence networks. It is convenient to rep-
resent each sequence network in its simplest form as viewed the
point of short-circuit fault. The calculations of shunt faults
involve:

a) Three phase symmetrical short circuit,

b) Phase-to-phgse fault,

¢) Single phase-to-earth fault,

d} Two phase-to~-earth fauit,

o) Bffect of fault impedauce.

CUpen-circuit conditions, normally, of interest in the powsr
~-system analysis are:

Tne single - phase open -~ circuit and the two-phase open-
circuit.,

The remaining possiblity, namely tue tnree phase opsn-—
circuit, is of little practical significauce. Analysis of
these conditiouns is achieved by ihe uge of the symmetrical
compolents, that is by consideriis voitage and current counstr-
aints produced by the fault condition at tne point of tault.

FYor shunt faults analysis, single-phuse-to-earth fault is
regstrictive occurring on transmission system, then double pha-
se=to=earth fault. In these cases, z8ro geguence impedance
ingertion in the current fault calculations, gives higher eifect.

Trhese types of faults need higher outage tlme. The arc impeda-
nce anas double effect as the path impedance (zarc= 2 Zp) for
cases phase-to-phase and double phase-to-earth faults.

for series faults, sipgle-phase open-circuit fault calcul-
ation, is the same as double-phgse=-to-ground fault, and dounle-
phase open-circuit fault calculation is typical for single-phase-
to—earth fault. '



Tantawy & El-Maghraby

2.

e

Tne analysis or simultaleous laults condition is achievecd
in a siwmilar manner to that for the case of simgle fault cond-
ition, namely, By Lnese counstraints velig ased to determiie the
values of the sequence curreunts tlowing from the power systen

into the two points of Laulv,

NUMERIC AL APPLIOAAIUu

2.1, Genergl
Rapid clearing of faults promotes power system reliability.

Tne power which can be transmittea without loss of synchronisu
during a fault, is greater the more rapidly the Ifgult is cleared.
Indeed, increasing the speed of fault clearing is often the moat
effective and most economical way of ilmproving the avallabiiily
limit.

Rapid lault clearing is wesirable for additional reasons.
1t lessens annoyance to electric power customers from flickerilg
of lamps due to voltage dips and from shutting down of Motors
through operation of undervoltage tripping devices. It also
decreases the damape to overhead transmission-line conductors
and insulators at the point of rault. Such damage 18 wmost likely
to occur if the fault current is great, then with slow clearing,
conductors may burn down or insulators may crack from the heat
of the arc, giving rise to a permanent fault. With rapid clear-
ing, on the other hand, the conductor is hardly damaged and the
line can be put back into service immediately. The great major-
ity of tranamission line faults originate as one-line-to-ground
faults. High-~Speed clearing decreases the likelihood of such
faults developing into more severe types, such as two-line-to-
ground or three phase, through the arc being carried by tne wind,
from one conductor to another,

2.2, System opted for study

The network chosen inL part(l) is also elected for study ior
this part of research. According to the data attained for wo and
220 KV systems, the outage, operation times and the probability
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1 forced outaxe tor the difrerent trausmission lines are
alculated. 7The propabllity or forced outage (q) is computed
or the following types of faults:

a) Three phase, and three phase~to-yround fault.
b) Double phase-to-ground fault,
c) Single phase~-to~ground fault.

.e5e srapbical represerntation througn the six years of

research asnd commenlis:

2.3.1., For 6o KV gystem:

The (reliability level (P)-years) characteristica
01 the varlous transmission lines for o6 KV system 1lius-
trute toe variation of reliusvility level at a certain fault
through the specifled period. We have the followlng comm-

ente:
1. Tne three phase-to- round fauit characteristic has

a higher reliabllity value than the other faults for the
1irst and sscond transmlssion lines and has a lower relia-
bility value thaen the second trenamission line during 1975
and 1ly76 years.

2. Also the double phase-to-ground fault characteristic
bag a vest reliability level, than that in the case of the
single pnase-to-ground faulu, for tne various transmission
lines tnroughout all the years of research.

This is true except thiat is nas a lower level than
tuat uvelorging to the sing,le puase-to-grouna tault ino the
cuge wl the second transwissiolbr line (ba) during tne years
ol 171l and 1y72 ounly.

owever, for toue third iaterconnector (Lj), this phe-
uomenol occurs during tne year of 147l.

5+ There 1s a common important phenomenon which occurs

tor the three compeunents (Ll, L, and Lj) of our netwerk.

e
This is summarised as lollows:
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The reliability level has a descending characteristic init-
iated from the first year of study (1971) and terminated by lvu7o.
This variation tekes the form of parabolic characteristic as
displayed in figures (11), (l2) and (13). The preceding phenom-
enon yields a great attention to the leaders of the ygeneral els-
ctrical metwork of this part since the reliability level decrea-
ses conhtinuously when single phase-to=-ground faults occurs.

4, On the other hand that is not true for the double-phase-
to=-ground fault since ths probability of forced outage uecreases
j.e. reliability level increases againat the various years of
research except for (Ll)'

5. Eventually, if we study the occurrence of the three-phase-
to-ground fault,we can conclude that the reliability level decre-
ases beginning with 1971 till 1976 except for (Lﬁ)' there is a

slight ascending in the reliability level characteristic which
is remarkable through 1Y76.

2+.5.2. For 220 KV System

The(reliability level (P) sgainst years)characteristics
of the various transmission lines for the 220 KV system are shown

in figures (l4), (15), and (16). From these characteristics we
can note the following remarkse.

a. Referring to (L,):

1. The characteristics of (L,) have the same shape of
variation for the types of faults considered along the specified

period of research. The three phase~to-ground fault has a higher
and better reliability level than in the case of the other types
of faults except for the years of 1972 and 1976.

2. Also, the double - phase~to-ground fault has a higner
value than the single-phase-to-ground fault during the 1973, 1974
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and 1976 years.

%3, There is an jintersection between the characteristic of
double-phase-to-ground and the single-phase-to-ground faults
during the 1972 and 1975 years. This means that (Ll) has the
same reliability level (F) for the pre-mentioned faults. The
characteristics have a minimum reliability ievel during the 1973
year . One of the most lmportant reasons for this phenomenon
1s 6th October war and their circumstances.

b. Regarding (jgl

l, For this line, the reliability level has irrigular var-
iations. The characteristice for each of the three types of
faults, have minimum level of reliability during various years.
However, the characteristics have a good relibility during the
other years. Thie is ascribed by the bad maintenance of this
lipe during the firet part of the six years of ré-aearch which
fact increases the capability of faults occurring.

2. The single-phase~-to-ground fault has a higher and better
reliability level (P = 0.99986) during the 1976 year than the
ether types of faults.

This is preferable from the practical point of view.

c. With respect to (%5)

1. The three-phase~to-ground and the double-pbsse-to=-ground
faults have similar shape through the years of survey.

2. The characteristics of these faults have minimum relis-
bility level during 1975 which means worst circumstances than in
other years.

3. The doubles-phase-to=-ground fault has a higher value than
the other faults except during the 1971 and 1976 years.
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3.

4, The single-phase-to-yround fault has a low reliabllity
level along the six years of research than the other faults.

The wain cause for tuis phenomenon is due to the bad main-
tenance. Finally, we note that tne single-phase-~to-ground fault
has s hazardous effect on all interconnectors for the major part
of the interval taken rfor study.

Although the three-phase-to-ground [sult has a highe— ana
the best reliability level for L1 and L2 but for L3 1t has slight
less level under the double-ghase-~-to-ground fault characteristic,

CONCLUSION

w

»
LJ

l. In the transmission system planning, the emphasis must of
necessity be on technical rather than economic considerations,

The necessity for high reliable and fully aiscriminative is abso-
lute in the context of KV transmission systems.

2., lkault calculation forms an indispensable part of the wuole
function =n.d process of power system design. Correct aesign

depends essentially op g full knowtedge, understanding of systenm
behaviour and on the ablility to predict this benaviour for tue
complete range of possible system conditions.

5. Ine reliability level for oo AV transwmission liues oo
x00a and high ratios tor the three-ptiase-to- luvula laults, alic

vad reliability level is atiuined uy tue simple-phase-to-—gTrounda
fault .

Deagling with the Q20 KV gystem, the single-phase-to-. rounc
fault has a dangerous efrect on all lines tor the six jesrs ol

our resesagrcli,

ilsu, tue three-phase-to-—prounu tault has a wiguer and vetter
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reliability level for L; and Ld but for L5 it nas sligut ie .
level under the double-phasg=-to—pround fault ciraracteri i,
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