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Abstract : In the information technology age, users of eleity services require both better reliability
(fewer interruptions of supply) and better poweslgy (fewer disturbances, particularly voltage sag
The paper shows that the best way to reduce thyedrey of interruptions and voltage sags is to cedu
the number of faults on the distribution utilitytsv voltage and high voltage lines. Most utiliti@seady
use lines with wood poles and crossarms with thedioelectrical properties used to good effect.t 8u
trend to “maintenance-free” designs will inevitabhcrease the frequency of faults, particularlyseno
caused by direct and nearby lightning and by wiffieets. The most effective way to reduce the
frequency of faults on existing overhead lines wloné to develop an acceptable technology for cost-
effective retro-fitting of insulating covers on 8®spans of existing lines near trees.

1. INTRODUCTION

During recent years, electricity customers have eedm expect a good quality of electricity supply.
Earlier tolerance of interruptions has largely digeared, a trend that has been exacerbated bgdhetr
restructuring of the electricity supply industryhis (intolerance) is particularly so in urban are#ere
large-scale interruptions can cause serious sbdgsfunction and in commerce and industry where
interruptions can cause serious economic losség. aflvent of an information age heavily dependant o
digital electronics technology has brought withrétognition that power quality (PQ) has become an
important technical-economic issue for both elettyrisuppliers and many of their customers. Thisa

for power quality disturbances that can cause mmadtion of or damage to electrical and electronic
systems and equipment — obviously, the vulnergbilitreases with “smartness” and sophisticatiothef
systems and equipment and this even extends to domestic appliances.

Historically, in Australia , there has been congatdée use of hardwood poles and crossarms on cagrhe
low voltage (LV), medium voltage (MV) distributicand high voltage (HV) sub-transmission lines. Most
of the conductors are bare-metal, apart from soseeadl covered conductors (CC, either aerial bundled
conductors, ABC or covered conductor thick, CCT)evehlines pass through environmentally sensitive
treed areas and more widespread use for MV linebushfire prone areas. As well having good
mechanical strength and durability characteristhes wood has electrical properties that can Bizedi to
minimize line faults. When dry, wood poles andssarms provide effective “back-up” insulation for L
and MV voltages (at least to 22kV) in the event direclearances are breached between bare consluctor
(by conducting objects such as tree branches) rirtbulators fail. When dry and even when wet,
utilisation of wood’s impulse properties on LV, M&hd HV lines can improve lightning performance
markedly because the wood can add to the impulselation strength and because it possesses arc
guenching capabilities [1]. However, a recentdréawards “maintenance-free” LV and MV lines using
arm-less constructions and concrete or steel pokns that these desirable properties of woodnwill
longer be exploited to minimize fault rates on sliés.

This paper first identifies the sources of intetimps and power quality disturbances concentrating
those caused by line faults. This is followed byiews of the technologies available to reducetfaul
frequencies and to minimize the consequential tffe€ interruptions and voltage sags. The impartan
issues of bare conductors and “maintenance-freeslare examined more closely, followed by a Idok a
the possibilities for reducing the frequency oélfiaults and fault-induced voltage sags.
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2. SOURCES of INTERRUPTIONS and PQ DISTURBANCES

2.1 Faults and Interruptions  Faults on lines (and to a much smaller extent om-tionnected
equipment) are the cause of nearly all unplannedges and these may be momentary or sustained. An
interruption occurs if the supply to the customei(s/olves an outage on a radial line but is only
momentary (less than a few seconds) if the faeluihg breaker is reclosed successfully. The
interruptions from sustained faults persist tilhdae has been repaired or switching has been dauie

to provide an alternative supply. For appropriati#signed lines, about 90% of lightning faultslioes

are transient and allow successful reclosure, ligtfalls to about 30% for all other types of faudnd
these are sustained outages. Radial line fadtsall by fuses or isolated by sectionalisers alwayse
sustained interruptions. In contrast to LV retatidn and MV distribution lines, HV sub-transmissio
lines are mostly operated in parallel or as pariraj or meshed systems, so an outage on one tieg d
not cause an interruption if appropriate protectiad circuit breakers function correctly. Linelfawalso
cause power quality voltage disturbances (sagssametls ) with durations that equal the time it wke
clear the fault (< 1 second, usually 3 to 10 cydleteared by level 1 protection and a circuitdier).

In Australia, well-designed transmission and samgmission lines operating at voltage410 kV are
usually shielded and lightning resistant, and sagHaw lightning outage rates (< 1 / 100 km-yeans)l
total outage rates of about 1/ 100 km-yrs. Sogharl 66kV lines are shielded and can also benlight
resistant if they utilize wood to provide high itetion levels and if they have low footing resistas.
However, most 33 and 66kV sub-transmission linesragarly all LV and distribution lines (11 and 22kV
are unshielded and are vulnerable to lightning -@ettages. If appropriate use is made of the etsu)
and arc quenching properties of wood in crossamdspmles [1], such lines can have acceptable outage
rates_attributabléo lightning. The word attributable was underlirfeztause while the so-called lightning
faults occur during thunderstorms, these are acaaiafd by high velocity winds of 50 to 100 km/hrdan
it is difficult to distinguish lightning-caused fisi from those caused by high wind effects sucbasact
from nearby trees, air-borne branches and clasiffiegnductors. There is strong evidence to sughast
about 80% of severe weather faults (thunderstormsimoply severe wind storms) are caused by wind
effects. Severe weather fault rates usually addoumbout 70% of all faults.

The line outages that cause most interruption®@amadial unshielded overhead lines and thosecthate
most PQ voltage disturbances are on unshieldedbdisbn and sub-transmission lines. Earlier data o
average line outage rates (/ 100 km-yrs) for umdéde 33 and 66 kV wood pole/crossarm lines in
Queensland for the years 1959 to 1973 given irRJlare -- total forced outage rates of 7.6 and 5.7,
lightning outage rates of 5.2 and 2.9, and sudstialightning outage rates of 0.4 and 0.4 / 100 ks-yr
respectively (in providing these, the authors’ figai for lightning outage rates would really be thos
associated with both thunderstorm lightning anddinThe same source gives outage rates for 11 kV
lines in south-east Queensland — total 11.5, seweether 8 / 100 km-yrs; of the last, only 8% aof th
faults attributed to lightning were sustained, valaer 61% were sustained for other weather-induced (i
not lightning) faults. There is a natural dispensof almost 2 to 1 in the annual outage ratesrardhbie
average rates, e.g. for the system of 33 kV linesouth-east Queensland over the period 1967 t@,197
the lightning outages varied between 5.9 and 1100/km-yrs. It is of interest to make comparisoits
current (2002) data for overhead 33 and 11 kV linesouth-east Queensland [3] (and bearing in rtiied
dispersion just referred to) — 33kV, total 14.600km-yrs of which 6.3 were permanent; - 11 kVakot
20.3, of which 8.4 were permanent. It is reveatingeparate urban and rural 11 kV feeders, thador
are selected as having a load density > 300 kVAjknsome cases, this distinction does not apply ave
whole feeder). The line fault rates are — urb&8 4permanent 18.1) and rural 14.6 (permanent/&.Q)
km-yrs. It seems most likely that the predominamise of the difference between urban and ruralgeut
rates is the presence of trees near many of ttenurb kV feeders.



2.2 Power Quality Disturbances

There are threenain classes of power quality disturbances — veltdpturbances (sags and swells),
waveform distortion (steady-state deviation from @eal sinusoidal waveshape) and transients
(oscillatory and impulsive) [10,11]. The most important one is voltage sag and thisssudsed in this
section. Voltage sag is a decrease in rms powguémcy voltage to between 0.1 and 0.9 pu for dumati
from 0.5 cycles to 1 minute. Voltage sags are edy following - .short circuit faults in the distution

and transmission network, temporary overloadstistpof large motors, certain switching operations,
faulty intermittent electrical connections (goingea circuit), and faulty tap changers.

Short circuit faults can cause voltage amplitudepdrto 20% of the pre-fault voltage with durations
determined by the time taken to clear the faultiallg about two to eight cycles. Voltage sags thue
induction motor starting last longer, with typichirations of seconds to tens of seconds. For senyle
double line—to-ground faults, the voltage sag(feap(s) on the faulted phase(s) at nearby locatons
the network. Usually, there will be an accompanyiodfage rise (swell) on the healthy phase(s); on a
solidly grounded system, this will not be large am@lways less than 1.4 pu; for a resistance gtedn
system, the rise will be larger and may approa@®B pu. The longer duration and deeper voltage sags
will usually cause power electronics loads to tnipmnal-function.

The current interest in voltage sags is mainly ttuthe problems they cause to adjustable speedgjriv
process control equipment and computers. Some tgpesjuipment trip when the rms voltage drops
below 90% for longer than one or two cycles. IStbccurs on the control equipment of large indailstri
processes, eg a manufacturing assembly line orparpaill, the resulting damage attributable to the
voltage sag can be very expensive. The effect bge sag on equipment depends on magnitude and its
duration. According to Arrilaga [12], 40% of thegsamonitored are severe enough to exceed theokera
standard adopted by computer manufacturers. Thageosag performance of the Energex network in
Queensland for 1999/2000 financial year is showrigure 1 [13].
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Figure 1 - Average number of voltage sags witheddht levels of magnitude per customer per annum fo
total Energex area —July 1999 to June2000 [13].



2.3 Technologies to Reduce Line Faults In broad terms, there are three approaches to irmgo
reliability and reducing the impact of voltage $2@Q disturbances — (1) deal with the cause by reduci
the frequency of faults, (2) deal with the effeofshe faults on the power system (a) by ensurivag t
most of the faults only cause momentary outagesrgbonfiguring radial lines into ring or meshed
networks and the installation of more in-line smu#lisers and reclosers (particularly “intelligent”
reclosers) thus preventing or minimizing the exwninterruptions, and (3) dealing with the faudtused
effects of voltage disturbances on the performaofcéhe customers’ equipment by improving its
resistibility to such disturbances. The first tewe the responsibility of the power system compamy
will be considered here; the third is for the maatfirer and the customer to deal with, see the next
paragraph. The technologies for reducing the faqy of line faults are well known. They includéor
shielded lines, increase insulation levels and reoiuce footing resistances; - for unshielded jitles
optimum use of wood’s insulating and arc quenclgraperties, install more line surge arresters ciase

air clearance between conductors to avoid clashimgroving line maintenance strategies, more tree
clearing and trimming, use of covered conductoBqfr CCT); and greater use of underground cables.

Voltage sags for critical loads (e.g. electroniatcollers or computers) can normally be avoidedibing
commonly available uninterruptible power supplyteyss. To prevent the sag problem for the whole
plant, high energy storage devices have been reemahed with fast transfer switches that can switch t
an alternate feeder within a few milliseconds. réf@sonant transformers (also known as constamdgyel
transformers) can usually handle most voltage sagliions. CVT’s are attractive for constant low-
power loads, and they should normally be sized atmur times greater than the load. Other techesqu
are available, such as the use of magnetic syz#trsdior larger loads (several kA) [10].

2.4 “Maintenance-Free” Lines Wood shrinks with seasoning and deteriorates wgih lzecause of
weathering (mainly on top surfaces of crossarmd)fangal decay and termite attack (mainly on pales
ground). So lines constructed with wood poles@odsarms require maintenance — for crossarmsygluri
the initial period of seasoning and after ageinglep, even those treated with preservatives, rdgula
throughout their service life. The development‘mfintenance-free” designs for LV and MV lines
usually involves firstly the use of armless condinns and then the use of concrete or steel pdies.
wood crossarms are first eliminated and then caimypoles replace wood poles. This trend usually
results in more compact line designs with loweuiason levels and smaller conductor spacings.

It is obvious that the removal of wood in line dgs means that no use can be made of its insulatidg
arc quenching properties. So wood-free designsL¥rand MV voltage lines have no “back-up”
insulation at50 Hz . Lightning over-voltages can cause flashovers of phase-grosudation, phase-
phase insulation or both. Over-voltagaduced by nearby lightning flashes to ground stress phase
ground insulation only, and rarely exceed 250 kvhiaignitude and a fews in duration. So lines with a
1.2/50 us impulse insulation strength of over 200ake immune to induced over-voltages; this inctude
lines of 33 kV and above and LV, 11 and 22 kV limgth insulators in series with at least 0.5 m aiod

in the phase-ground path. This means that everiaiteset of lines that use armless constructions
mounted on wood poles are also immune except warthesl stay-wires are fitted at the pole top (alkm
length of wood or fibre-glass in the phase-stayevground path can overcome this). However, LV and
11 kV lines using armless constructions mounted¢amducting poles are vulnerable to flashovers from
induced lightning over-voltages because their mtsulstrengths are only about 40 and 125 kV. FRert
common conductor height of about 10 m, field daizh theoretical calculations show that 40% of induce
over-voltages exceed 40 kV and 10% exceed 125 k¥, sa cause flashovers and faults. Induced over-
voltages are much more frequent that direct swiker-voltages, so LV lines with armless construgtio
on conducting poles are very vulnerable to indulightning flashovers and even 11 kV lines will
experience such flashovers. The solutions incthdaise of line arresters (on all phase conduetatison

at least every'®pole), or for 11 kV lines increasing the insulatto at least 175 kV (11 kV insulator plus
a short length of fibre-glass or a 22 kV insulatobifferent considerations apply to over-voltagasised



by direct lightning strikes to un-shielded lines. Here all strikesseaa flashover to ground, regardless of
insulation level, with a probability;p= 1, and the same strike will then produce quaskitesh voltages
that often also cause flashover of phase-phasdatimu So the lightning outage performance of un-
shielded lines is mainly controlled by the probi&pip, that flashovers lead to power fault currents and
outages. For well-designed lines with optimal o$¢he arc quenching properties of wood poles and
crossarms, gxan be in the range 0.2 to 0.4 [1] and hence uliEddines can have acceptable direct strike
outage rates, e.g. 2 to 10 / 100 km-yrs. But foml@ss constructions on conducting poles, themois
wood to provide an arc quenching capability andisect strike outage rates must increase , by tarfad
1/p,.. There must be a similar increase for armlesstecactions on wood poles, because here direcestrik
will always cause phase-phase flashovers and Hantis because there is no wood in the phase teepha
path(s). The overall consequence of the totaleaedh partial elimination of wood on “maintenanceefr
lines is a significant increase in the frequenciire faults. The only available technical solatis more
use of line arresters on every phase conductoraaelst on every"Bpole. This may cause another
reliability problem, because distribution classgeuarresters can fail for a variety of reasonafj cause
line faults unless the arresters are fitted witplesive earth-lead disconnectors.

2.5 Covered Conductors Many faults that occur on lines with bare condutduring thunderstorms
and wind storms are caused by the presence ofyngas and to a lesser extent by conductor clgshin
The tree problem is the result of close-by and luweging branches, as is often the case for LV and
distribution lines in the “leafy” suburbs of urbareas. The obvious solution of expanding treericiga
and trimming programs is often not acceptable bex#ees are aesthetically pleasing in such sulauntbs
most people will not tolerate their removal or sevéand therefore unsightly) trimming. Underground
cables are prohibitively expensive and so theradt@re of using covered conductor technologies (ABC
CCT) is an attractive proposition to reduce faates on LV, 11, 22 and 33 kV lines. The experiénce
number of overseas countries, notably in Japaned&aand in Scandinavia, is that the fault rate€©f
lines can be as low as 1/16f those for comparable bare conductor lines. i€@lso used to improve
safety against accidental contact with “live” cootbus either associated with trees or in wire-down
situations. In Japan and Korea, CC is mandatowylian areas, and in America, CC conductors amé use
where lines pass through trees. For new linesCleechnology is proven and affordable, because th
additional cost of using CC is only about 25% abihad of using bare conductors. However, the obst
replacing existing bare conductors with CC is mudbher (but far less than replacement with
underground cables). Very recently, a new techyylias become available for retro-fitting insulgtin
covers on existing bare conductors of LV and M\édirje.g. 5]. It is being trialled in Australia asome
overseas countries, and while the application sgeomising, the currently available line covers tore
heavy (causing sag problems on spans in excedsoaf &0 m) and are too bulky (causing unacceptably
large wind forces during thunderstorms and windrstoor heavy ice loads during snow storms).

3. DISCUSSION and SUGGESTIONS for the FUTURE

As described above, line faults cause momentary susthined line outages, and these can result in
momentary or sustained interruptions, the formedwhtion less than 1 minute, while the latter bawe
durations of many minutes and even hours. Itlesvent to give quantitative data to demonstrate tioawv
average line outage rate data given in Sect 2dn$tate” into average customer interruption times
(SAIDI) and interruption frequencies (SAIFI); foristtibution companies (DistCos), these exclude
interruptions from generation/transmission everf@eensland data are first presented [6, 7], tlea d
from NSW and Victoria [8], and these are then comgavith data from some overseas countries [9].

Energexsupplies 1.1 million customers in 25,000%ai urban and rural areas of south-east Queensland
using about 38,000 km and 12,000 km of overhea land underground cables. There are 1,780 km of
overhead 33 kV lines and the lengths of urban anal overhead 11 kV lines are 3,266 and 13,264 km.
The 2001/2002 SAIDI figures (mins/yr) are — urba® Irural 235 mins ( total 175), and the SAIFI figs



(interruptions/yr) are — urban 1.54, rural 2.3he dispersion of the average total interruptiomes/yr is
220 to 90 around the average of 156mins over the 18 years. Ergon Energy supplies 570,000
customers in 1.7 million kfrof urban, rural and remote rural areas of Queadslsing 140, 000 km of
lines including 65,000 km of SWER lines. Its 202 SAIDI figures are — urban 179, rural 517,
remote rural 997 mins (total 437), and the corradpm SAIFI figures are —2.3, 4.9, 5.6 interrupton
(total 4.2). Ergon’s urban indices are not verifedent from those for Energex, but there are large
differences between their rural indices, as isa@kpected because Ergon supplies vast rural andes.
NSW indices are for two largely urban DistCos and ftawgely rural ones — over the last 6 years, the
urban SAIDIs vary between 70 and 100 mins and tiral rones between 110 and 250 mins, with
corresponding SAIFIs of 0.65 to 1.25 and 1.2 t&2y8. TheVictorian indices are also for two largely
urban and four largely rural DistCos — urban SAIBtsm 40 to 130 mins and rural ones from 60 to 270
mins, with corresponding SAIFIs from 0.4 to 1.7. A Bummarising for the three States, the urban &AID
range from about 40 to 150 mins/yr while the ranaés range up to about 500 mins/yr (excluding remot
rural); the urban SAIFIs are from about 0.4 to M7 while the rural ones are up to about 5 /yr. A
somewhat cursory search (in literature and wels)sibé overseasdata on average yearly interruption
times for several countries gave the following 1G<mins in Japan (< 5 in Greater Tokyo), < 20 nins
South Korea, < 40 mins in most of America (intetiops from extreme natural events are usually
excluded). The reasons for the relatively poortéalian indices of reliability are considered nart the
“lessons” that can be inferred from the oversedi@s are used to make suggestions for the future.

The Energex system is used as the illustrative pl@mkFirstly, the reasonable presumptions are made
that nearly all of the interruptions are causeditg outages and that most are due to outagesdial ra
lines. An illustrativeurban 33/11 kV zone substation in Brisbane is suppligd hunderground 33 kV
cables arranged in a ring so that a single faullt mat cause an interruption. There are 7 outgoing
overhead 11 kV radial feeders of lengths 3.6 tal KBn (total 46.2 km) each controlled by a reclosing
circuit-breaker. So an 11 kV line fault causebezita momentary interruption or if permanent aaostd
interruption that persists till the fault is is@dtby in-line switches and supply is restored lbging a tie

to a neighbouring feeder through a normally opetctvor the fault is repaired. The average totahge
rate in 2002 for an urban 11 kV feeder is 43.80 kt-yrs of which 18.1 are sustained (Sect. 2.4) s;m
the average number of faults in the year on any feeéer is 1 to 6 and the number of sustained
interruptions is 0 to 3; the average number ofanstl interruptions is 1.2, which makes up moghef
urban SAIFI of 1.54. The total number of faultstba 7 feeders in the year is 20. This value tsveoy
different from the average number 18 / yr of voltaggs of magnitude80% (Sect. 2.2) experienced by a
customer connected to that urban 11 kV networkgeasiing a reasonable link between numbers of total
faults and voltage sags, even though the disperdidioth fault and sag rates is at least 2 to In A
illustrative rural 33/11 kV zone substation in a farming area sowtktvof Brisbane is supplied by 2
overhead 33 kV feeders operated in parallel, sbdbain a single fault will not cause an interrapti
There are 5 outgoing overhead 11 kV feeders ofthesng0 to 197 km (total 550 km), each controllechby
reclosing circuit breaker; there are also in-liaelosers in two of the feeders and drop-out fusesome

of the longer spurs. So the consequences of &V Tdult are similar to those for the urban 11 laéder,
although there is about a 10 to 1 difference ie lengths. The average total outage rate in 2002 f
rural feeder is 14.6 / 100 km-yrs of which 6.1 swetained (Sect 2.1) and so the average numbaulbs f

in the year on any one feeder is 6 to 29 and tinebeu of sustained interruptions is 2 to 12. Therage
number of sustained interruptions is 6.7 ignoring presence of in-line reclosers and dropout foses
spurs; this is much larger than the Energex r8alFI of 2.31 but is closer to the Ergon rural SAF
4.9. The average interruption times for the illatte urban and rural examples cannot be estinfeded

the outage rate data because they are dependéiné gmesence of in-line reclosers, fuses on splues,
capacity to isolate faults and the availabilityatternative sources of supply, as well as the timeeded

to repair faults. Perhaps it is sufficient to $hgt it is not surprising that the urban SAIDIs fosth
Energex and Ergon are about 150 mins/yr and theat SAIDIs are over 200 and over 400 mins/yr.



It is now of value to speculate on the reasonstlier poor average interruption times experienced by
customers in Australia compared to those for theathoverseas countries (Japan, Korea, and America).
The environmental impacts (such as severe weatler)not very different. The proportion of
underground cables is also not very different. , Bu# demography of Australia is such that poporati
(and customer) densities are much smaller tharetimo3dapan, Korea and many parts of America. lear
then, the DistCos in the latter group have themagebase to achieve more robust distribution nddsver
more parallel, ring or meshed networks of distifiutfeeders with appropriate protection and circuit
breakers, more in-line reclosers and sectionaligécs So even if the line outage rates are dsdsghose

in Australia, the frequency and duration of int@trans to supply will be much smaller in the ovarse
distribution areas. However, if the frequencyailfs remains high, so will the frequency of voiaags
experienced by customers (despite the lower indions). But it seems that there must be anottagom
reason why the overseas interruptions are smadbatjcularly in Japan and Korea. This reason has
already been referred to in Sect. 2.5 — the greatyced fault rates that stem from the widespuesadof
covered conductors on LV and MV lines, and whicim@ndatory in Japanese and Korean urban areas.
The reduced numbers of faults reduce both inteioapimes and the frequency of voltage sags.

The final matter is the application of the forefgpito consideration of suggestions for the futwelity

of supply to Australian customers. The Energexanrtand rural examples will again be used for
illustrative purposes. It is obvious that the peoftis of frequency and time of interruptions andPqf
voltage sag frequencies on tlman example with relatively short 11 kV feeders are tluthe frequency

of faults and to the fact that the feeders areatadBecause the service area is relatively srtiadlke are
convenient tie-points between neighbouring feedeus,currently these are normally open. Wherever
possible, these should be closed with the netwbrleeders then operating in a ring or mesh with the
addition of in-line reclosers and appropriate proom on them and on the zone substation breakers.
These measures would greatly reduce the intermufitices but not the voltage sag frequencies. ake |
is a matter of concern because the service ardainsra significant number of commercial businesaes
major shopping centre, shops, a large hospitaledismany residences. Because of the shieldingigeoly

by trees and buildings, lightning is not a sigrfic cause of faults and so the high 11 kV line geitate

(of 43.8 / 100 km-yrs) is due to other causes, agfauna, vehicular impacts, wind—induced conducto
collisions and wind-induced contact with tree bfseexc As already stated in Sect.2.1 and 2.5,veig
likely that the presence of trees near the feedethe dominant cause of the faults. The option of
extensive trimming of branches and clearing ofdrmenot available because of the pleasing aestheti
appearance of the “leafy” suburbs in the serviea.ar So the most practical option is the greateraf
covered conductors on the overhead lines and opadles fitted with earthed-frame equipment (mainly
distribution transformers). As discussed in Sest &placement of overhead lines by undergroubtesa
and bare conductors by ABC or CCT is too expensivel, so the most practical solution is to retro-fit
insulating covers on the existing conductors omerdble poles and spans. The technological clygien
are to have available line covers that are notybalkd heavy, and that can be installed with live-li
technigues at acceptable cost. It may be thatb#st solution for this urban example would be an
appropriate combination of both ameliorative measymaking the 11 kV network of feeders more robust
and the selective retro-fitting of covered condtg}to The cause(s) of the quality of supply prol{Enfor
therural example are quite different. Although the lineamé rates are not small (14.6 / 100 km-yrs), the
dominant problem is the long lengths of the radlibkV feeders (average 110 km, one 197 km) and thei
exposure to all kinds of faults particularly lightg strikes. The service area contains a wealihyihg
community with extensive use of irrigation and aadbtown of about 2500 people. The interruption
problem could be eased by installing more in-lieelasers and sectionalisers and by the more extensi
use of line arresters. But the dominant causehefproblem(s) is that the 33/11 kV zone substation
(which was built over 50 years ago) is no longearrtbe centre of the area it services and so ladialr

11 kV feeders are required to supply the most Wistaistomers (up to 80 km from the substation).
Serious consideration should be given to anothét13BV zone substation located so as to reduce the
maximum lengths of the re-arranged feeders totlems 100 km. Because of the wealth of the area and



the increasing sophistication of the electrical iponent and appliances used by its customers, the
installation of the new substation is probably over. All of the quality of supply problems for hahe
urban and rural examples will be exacerbated ifdasing use is made “maintenance-free” lines (Energ
makes some use of armless constructions on 11 @& libut at this stage, only occasionally). As
discussed in Sect. 2..4, the presence of “maintenfiee” will increase the frequency of faults, lthis
increase can be countered by installing more linesters.

4, Conclusions

It has been demonstrated that faults on unshietaidl overhead lines are the cause of the relgthigh
interruption frequencies and times to Australiastomers compared to those in overseas countriés suc
as Japan, Korea and America. The faults on akl@lso cause momentary interruptions and PQ wltag
disturbances particularly voltage sags. The oetwe of interruptions can be reduced by making the
distribution network of feeders more robust, byngsineasures which introduce redundancy (partigularl
in urban areas) and which reduce the extent aratidarof line outages. In urban areas with aestlét
pleasing “leafy” suburbs, the frequency of faultedo contact with tree branches should be redbged
retro-fitting insulating line covers onto the cowtius on selected spans and poles. In rural afeeder
lengths should be limited to less than 100 km acdeiasing use should be made of line arresters.
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