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ABSTRACT

Thephysicalenvironmentaroundtransmissionlinesplaysamajorroleintheresultingreliabilityof
thepowernetwork.Theinclusionofweatherinthefailureandrepairprocesswillleadtorealistic
modellingofthepowernetwork.Thisarticlesuggestsamodellingmethodologytotakeintoaccount
weather-relatedfailures.Besidesamaintenancemanagementstrategyusingdynamicprogramming,
itissuggestedtominimizingthecostofmaintenancewhileaccountingforweather-relatedfailures.
Thedataobtainedfrom220kVTransmissionlinesfromGoa,India,isusedtostochasticallymodel
thephenomenon.Athree-stateweathermodelissuggested,andaccordinglythefailureandrepair
phenomenonaresegregatedandstochasticallymodelled.Time-varyingexpressionsforcomputing
theavailabilityineachweatherconditioniscomputed.Thismodelcanbeusedbythepowerutilities
torealisticallymodelweather-relatedfailures.
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1. INTROdUCTION

InIndia,theunavailabilityofpowerbasedonweatherisacauseofoutrageandbittercriticismfrom
thepublicagainstthepowerutilities.Forexample,duringtherainyseason,thefrequencyofpower
failureanddowntimeishighleadingtoprotestagainsttheGovernmentandpowerutilities(Gauree,
2018;Saini,2018;Sony&Mekoth,2014,2015).Amongtheotherreasonsofpowerfailure,theweather
isoneofthemostimportantfactorsaffectingthereliabilityofpowersystems(Panteli,Pickering,
Wilkinson,Dawson,&Mancarella,2017;Zhou,Pahwa,&Yang,2006).Thesupplychainmodelof
thepowersystemfromGeneration,Transmission,andDistributionhastoworktogethertocaterthe
reliablepowertoconsumers(Pabla,2012).Thetransmissionanddistributionlinesareaffectedby
weather-relatedfailures.Analysisoftransmissionlineisimportantbecausethefailureoftransmission
lineswillleadtothepoweroutageofseveraldistributionlinesleadingtoblackouts(SonyMichael
&Mariappan,2012).Thefailureratesaredependentontheweatherconditionsaroundwhichthe
transmissionlineoperates.Increasedfailureratesarereportedindifferenttypesofweathercondition
(Wu,Gao,Tang,&Huang,2016).
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Notonlythefailureratesthedowntimearealsoinfluencedbytheweatherconditions(Tavner
etal.,2013).Foranoverheadtransmissionsystem,theweatherenvironmentcanseverelyimpactthe
performanceofthetransmissionlinesleadingtothepowerutility’soperationalabilityduetoenhanced
linefailureandrepairratesduringbadweatherperiods(Billinton&Singh,2006).Therefore,estimating
reliabilitybyutilitieswithoutincorporatingweatherconditionscanbequiteoptimisticanderroneous.
Inaddition,itmayalsoaffectplanninganddesigndecisionsformaintenanceactivitiesforthepower
utilities,whichwillresultinthefinancialloss(Fanucchi,Bessani,Camillo,London,&Maciel,2016).
Byrecognizingtheimpactofvariousweathercontributionstothetotalsystemperformanceindices
will help to pinpoint the situations, where investment may beprovided for maximum reliability
improvement.Atransmissionanddistributionsystemusuallyconsistsofoverheadlines,underground
andcombinationofboth(Pabla,2012).Inutilities likeIndia,whichisadevelopingcountry, the
ratioofoverheadtransmissionlinestoundergroundtransmissionlinesareveryhigh(Saini,2018).
Hence,assessing the reliabilityofsystemswithout incorporating,weather-relatedoutageswould
leadtoerroneousconclusionsresultinginbadpolicyandmaintenancestrategies.Inotherwords,
forcash-starvedutilities,incorporatingweather-relatedoutageswillleadtooptimumallocationof
availableresources.Anotheraspecttoconsiderinadevelopingcountryisthattherepairprocessis
alsodependentonweather(SonyMichael,Mariappan,&Kamat,2011).Thus,failurerateandrepair
rateareacontinuousfunctionofweatherconditions.Itisdifficulttodescribefailurerateandrepair
rateasacontinuousfunctionofweather-relatedfailures.However,asetofdiscretestatescouldbe
usedtodescribethevariablefailureandrepairrates.Previousresearchershaveusedtheconcept
offailurebunchingtomodelstormrelatedfailures(Billinton&Singh,2006;Gaver,Montmeat,&
Patton,1964).Markovmodelswereusedintheevaluationoftransmissionsystemavailabilityifthe
rateoffailureandrepairfollowedexponentialdistribution(Michaeletal.,2009).

Besidesfailuremodellingofstorm-relatedfailurewerealsomodelledasa two-stateprocess
(Billinton&Bollinger,1968).Athree-stateweatherprocessmodelwasproposedbyBillingtonand
Singh(2006)toaccountforweather-relatedfaults.However,thismodelcannotbeusedwhenrepair
processisweather-related.Nevertheless,duetothepracticalimpactofweather-relatedfailureon
repairrates,itmakestheproblem,furthercomplexinadevelopingcountrypowerutilityandthe
three-state model will not be able to capture its complexity (Michael, Amonkar, Mariappan, &
Kamat,2009).Inaddition,classificationoffailureratesintomonsoon,winter,andsummer,further
improvesthemodellingcomplexityandactuatesthesystemtoitsreality.Inthispaper,itisproposed
tostochasticallymodeltheweather-relatedoutagesinatransmissionline.Amathematicalmodelis
proposedforitsevaluationandacasestudyispresentedonthefailureofthe220kVTransmission
systeminGoa,India.Inaddition,amaintenancestrategyfortakingintoaccountweather-relatedfailure
asalsosuggested.Themodelcanbeusedreadilybypowerutilitiesforevaluatingitsavailabilityand
maintenancestrategydesigned.

2. WeATHeR ReLATed FAILURe-RePAIR MOdeL

Modellingfailurerelatedtoweatherconditionsliketheheavystorm,freezingrains,tornadosetc.
canhaveagreat impactonthereliabilityofpowersystems(Billinton&Acharya,2006;Trakas,
Hatziargyriou, Panteli, & Mancarella, 2016). The IEEE Standard 346 further suggests that the
weatherenvironmentshouldbedividedintothethreeclassesofnormal,adverseandmajorstorm
disaster(Wang&Billinton,2002).Assuchweproposeaweatherbasedthree-statemodel.Inorder
tomodelfirststate,weclassifytheweatherduringSummer.Formodellingadversestate,weconsider
theweatherduringwinterwherefogdepositsontheinsulatorsarecreatedfailures(Gorur,Cherney,
&Hackam,1986).Tomodelmajorstormdisaster,wemodeltheweatherasMonsoon(Liu,2015).

Inaddition,itisfurtherproposedfromourpracticaldiscussionwithpowerutilityEngineersin
India,thatrepairprocessisalsoaffectedbythesethreeweatherconditions.Toascertainthisfact,three
focusgroupdiscussion(Morgan,1998)wasconducted.Athematicconclusionwhichtranspiredfrom
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