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Q. Please provide any and all studies produced in response to P.U. 5 (2000-1 

2001) in regards to the amount of emergency power which should be in place 2 

in the GNP.  3 

 4 

 5 

A. Please see the attached report.  6 
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Executive Summary
Thisreportprovidesdocumentationof areliability performancereviewandanalysisfor
theGreatNorthernPeninsula(GNP)transmissionsystemownedandoperatedby
Newfoundland& LabradorHydro (Hydro),particularlyservingthe communitiesof
HawkesBayandnorth. Thereportreviewsthe supplyreliability performanceatthe
customerlevelandidentifiestheprimaryandunderlyingcausesof interruptionson the
transmissionsystem.Theanalysishasbeenextendedto includeanadequacyassessment
of thestandbygeneration,andits impacton thereliability statisticsof six deliverypoints
in theGNPnortharea. Thereportconcludeswith recommendationsfor improving
transmissionline performanceandon theappropriatelevelandlocationof standby
generationin theGNPnorth area.

TheGNPsystemis aradialnetworkextendingadistanceof approximately400km from
theDeerLakeTerminalStationto theSt. AnthonyTerminalStation. Thecommunities
of St. Anthony,Main Brook andRoddicktonareconnectedattheendof alongradial
transmissionsystem. Prior to 1996,thesecommunitieswereisolatedfrom the main
transmissiongrid with theirloadbeingsuppliedby local generation;in particular,diesel
generatorsatSt. Anthonyandawood-firedthermalplantanddieselgeneratorsat
Roddickton.

In 1999,Hydro appliedto theNewfoundlandBoardof Commissionersof PublicUtilities
(theBoard)to discontinueoperationof its wood-firedthermalanddieselgenerationat
Roddicktonandconsolidateall standbygenerationforthe GNPsystematSt. Anthony.
TheBoardconductedapublic hearinginto Hydro’s applicationandauthorizedHydro to
abandonthewoodchipfired thermalanddieselplant atRoddickton. However,Hydro
was alsoadvisedto place 1500— 2000kW of emergencypowerat Roddickton,with any
futurediscontinuanceof thisserviceto beauthorizedby theBoardpursuantto an
applicationby Hydro to befiled on or afterJuly 1, 2003.

In deliveringits ruling, theBoardalsoissuedthefollowing directive:

“Hydro to conducta studyinto thereliability ofthe transmissionline servingthe
GNPandwill identify theamountofemergencypowerrequired. Thestudyto
drawupontheinformationacquiredbyHydro throughthemonitoringactivities
initiatedpursuantto this order. Thestudywill alsoidentify the role ofmobile,
transportable,andfixedgenerationunitsandwheretheseunitsshouldbeplaced,
recognizingthehistoryofreliability and thepeiformanceofthe transmission
lines. Thestudyshallbeconductedbyan independentconsultantandthereport
shouldbesubmittedto theboardno later thanJuly 1, 2003,reflecting the
performanceoftheelectricalsystemandits reliability up to May31, 2003”.

Acres International Limited
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Accordingly,AcresInternational,as anindependentconsultantto Hydro,hasreviewed
andanalyzedsix yearsof historicalperformanceof the GNPsystemaffectingHawke’s
Bayandtheareanorth ofthis community. Primarily,Acresusedthe systemperformance
databasedevelopedandmaintainedby Hydro in carryingout thereviewandanalysisof
TransmissionEquipmentForcedOutage(TEFO)andHydro Bulk Electric System(BES)
deliverypointperformancestatistics.In addition,the databaseinformationwas
augmentedwith outagereportsprovidedseparatelyin Excelspreadsheetsfor analyzing
theunderlyingcausecodesof deliverypointinterruptions.

Delivety Point and Transmission System Performance Review
A top downapproachwasusedto analyzethe deliverypointandtransmissionline
performancestatistics. Firstatahigh level,anoverallreliability performance
assessmentwas carriedout for eachdelivery pointby reviewingthe SAIDI andSAIFI
statisticsandcomparingthemwithin Hydro andin comparisonto otherutilities. Forthis
purpose,three-yearrolling averages,yearly andfive-yearindiceswereevaluatedand
analyzed.Further,theprimaryandunderlyingcausesof delivery pointinterruptionswere
analyzedin orderto identify thecorecausesinfluencingtheperformanceof theGNP
system.

Thereviewandanalysisof six-yearreliability performanceof six deliverypointsin the
GNPnorth arearevealedthattheSAIDI indices(averageannualdurationof
interruptions)for eachdeliverypoint is in thetypical acceptablerange,asfoundin the
electricsupply industry.

TheSAIFI-SIindex (frequencyof sustainedinterruptions)for all thedeliverypointshas
becomeacceptablein recentyears.However, theSAIFI-MI indexes(frequencyof
momentaryinterruptions)as well asthecompositeSAIFI (SI+MI) indexesfor
momentaryandsustainedinterruptionsarehigherthantherangeof valuesgenerally
acceptedin theutility industry.

Themostprevalentprimarycausefor totalcustomerinterruptiontime wasequipment
relatedat 39.6%(major causesbeingPlumPointandBearCovestations,andTL221 &
TL259lines). The secondmostprevalentcausesareadverseweatherandsystem
conditionswith 30.4%(majorcausesbeingTL239,Th241andTL221 lines) and11.9 %
respectively.Overallin theGNPNortharea,53.1%of customeroutagetimewas
attributableto thetransmissionlinesandotherequipmentrelatedoutagetimewas46.9%.

Theprimarycauseanalysison interruptionfrequencyshowedthatthe three138 kV line
sectionsTh241,TL239 andTL259 contributedto morethan66% of thetotalcustomer
outageoccurrences.Overallin the GNPNortharea,about93% occurrencesare
transmissionrelatedandonly 7% areattributableto otherequipmentandunknown
causes.

Acres International Limited
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Thedominantunderlyingcausesof interruptionswere lightningon Th241,highwindson
TL239,TL227 andTL221, andbrokencrossarmon TL259 dueto stormconditions.
Historically, adverseweatherhasbeenthemajorcauseof interruptionson theGNP
transmissionsystemandis likely to remainthe maincauseof interruptionsin future. The
analysisof six-yeardataalsorevealedthat mostof theweatherrelatedinterruptions
occurredduring1998 and1999,but the yearlyinterruptioncounthasdecreasedin thelast
threeyears.This is partly attributableto thereplacementof insulatorson TL239, TL 226
andTL 227circuits during 1999and2000.

TheSAIDI valuesforthe GNPNorthareacomparesfavorablywith overallHydro
statisticsandthesevaluesarealsoquite low in comparisonto the statisticsof the other
utilitiesusedin the studyandthe CEA averages.However,thefrequencyof interruptions
(SAIFI index values)in theGNPNorth areais thehighestamongthe samplecompared,
asthe deliverypointsin theGNPregionareservedby asignificantly longerradialcircuit
amongall compared.

ExceptTL259, all the otherGNPareatransmissioncircuits outperformedin termsof
averageannualinterruptiondurationin comparisonto the circuitsbelongingto other
utilities andin comparisonto theCEA averagefor similar typesof circuits. The
relativelypoorstatisticsof TL259aredrivenby anextremeeventof about7 hoursoutage
dueto abrokencrossarmduringstormconditions.

Thesustainabledeliverypointperformancein theGNPareais expectedto beas follows:

SAIDI ~ 3.5 hr/year
SAIFI — SI ~ 6 0cc/year
SAIFI—MI ~ 150cc/year

Standby Generation Analysis
ThestandbygenerationatHawkesBaycontributedmerely 12% of the timein relationto
thetotal unplannedoutagetime. This low contributionis chiefly attributableto
unavailabilityof theunits dueto controlproblemswithin theplantor atthe HawkesBay
station. At thesametime, thestandbygenerationatSt. Anthonyreducedthetotaloutage
durationof this deliverypointby morethan50%. The standbygenerationat Roddickton
tookalongertimeto start,andits contributionto reducethetotaloutagetimewas only
about22%. Thisreducedcontributionof Roddicktonstandbygenerationis attributableto
theunavailabilityof the units, delayedlocal responsetimeor delayedorno call from the
controlcenteraskingfor startupof theseunits.

If the standbygenerationwereremoved,the St. Anthonydelivery pointwould experience
thehighestreliability impact,as theaveragedurationof interruptionwould increaseby
morethan100%. Similarly, thereliability performanceof Main BrookandRoddickton
delivery pointswoulddeterioratesignificantly with theremovalof standbygeneration
from Roddickton. However,as perthepastexperiencewith standbygenerationat

Acres International Limited
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HawkesBay,theimpacton delivery pointreliability performanceis not thatsignificant.
At thesametime, it is worthwhileto. mentionthatthesereliability indicesarewell within
theminimumperformancestandardsfollowedin otherpartsof thecountry.

Basedon thecurrentloadforecastandassumingthat25% of theloadateachdelivery
point is essentialload,it maybeconcludedthatexistingstandbycapacityshouldbe
sufficientandno additionalgenerationwill berequiredin thenearfuture. If any
additionalgenerationwereto beconsidered,portablegenerationwouldprovidethe
greatestbenefits.

In regardto theoptionsconsideredfor standbygenerationatRoddickton,theleastcost
andpreferredsolution is to movethetwo dieselunitsfrom Roddicktonto St.Anthony.

Recommendations
Thefollowing is recommendedin orderto reducethenumberof outagesandsustained
interruptiontimesin future:

• Proactivelymaintainthe protectionandcontrolequipmentat stationsserving
theGNPNorthareato reducesustainedinterruptiontimes.

• Reviewthelightning statisticsandidentify locationson Th241 whereshield
wires or lightning arrestersmightbe installedto reducemomentary

• interruptionson this long sectionof the 138kV circuit.
• Identify the mostexposedsectionsof circuits TL227,TL221 andTL239 to

highwinds, andimplementcorrectivemeasures:for example,applyingphase
spacersor structurerebuildsto reducetheprobabilityof phaseslapping.

With respectto theserecommendations,Hydro hasbeenproactivesomecorrective
actionshadalreadybeentakenby the timethisstudywascommissioned.Hydro is using
its FALLS lightninganalysissoftwareto studylightningactivity on the GNPandassistin
theidentificationof performanceimprovementinitiatives. Furthermore,in 1999 and
2000/01,TL 239andTh 227 werepartiallyre-insulatedandstructuresmodified in the
mostexposedareasto eliminatesaltcontaminationandline slappingproblems. These
effortsshouldcontinue,sothatthe impactto customeroutagestatisticsis furtherreduced.

Furthermore,in reviewingcustomerdeliverypointperformancein relationto standby
generationcontribution,in particularthe durationof interruptionsin GNP northarea,it is
recommendedthat:~

• Thetwo dieselunits bemovedfromRoddicktonto St. Anthony, as it is a
lowestcapitalcostsolution, it providesbetterserviceto the customersat
Roddickton,andit will haveanticipatedlower maintenancecostsbecauseof
thecloseproximity of the maintenancecrews.

Acres International Limited
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1 Introduction
NewfoundlandandLabradorHydro (Hydro) operatesa 1500 MW isolatedpowersystem
on the islandof Newfoundland.Thefocusof this studyis to reviewtheperformanceof
thatpartof thesystemthatservestheGreatNorthernPeninsula(GNP), particularlythe
communitiesof HawkesBay andnorth.

TheGNP systemis theradial networkextendingadistanceof approximately400 km
from theDeerLakeTerminalStationto theSt.Anthony TerminalStation. Supplyis
providedby alongradial line thatrunsroughly alongthewesterncoastlineofthe island
andis exposedto extremeweatherconditionssuchashigh winds, saltcontaminationand
low temperatures.The systemmapshownin Figure1.1 givesanoverviewof thisradial
line.

1.1 Background

Thecommunitiesof Roddickton,St.Anthony andMain Brook areconnectedattheend
of alongradial transmissionsystem. Prior to 1996,thesecommunitieswereisolated
from themaintransmissiongrid with their loadbeingsuppliedby localgeneration;in
particular,dieselgeneratorsatSt.Anthonyandawood-firedthermalplant anddiesel
generatorsatRoddickton. In 1999,Hydro appliedto theNewfoundlandBoardof
Commissionersof Public Utilities (the Board)to discontinueoperationof its wood-fired
thermalanddieselgenerationat Roddicktonandconsolidateall standbygenerationfor
theGNPsystematSt. Anthony.

TheBoardconductedapublic hearinginto Hydro’s applicationandissuedorderson two
differentdates(February18, 2000 andMay 12, 2000),authorizingHydro to abandonthe
woodchipfired thermalanddieselplantatRoddickton. However,Hydro was also
advisedto placean emergencypowerin theamountof 1500—2000kWatRoddickton,in
addition to theexistingmini-hydroplant,with anyfuturediscontinuanceof this serviceto
beauthorizedby theBoardpursuantto anapplicationby Hydro to befiled on or after -

July 1, 2003. During thecourseof the hearing,questionswereraisedregardingthe
performanceandreliability of thetransmissionsystemandthe appropriatelevelsof
standbygenerationin theGNP network. In deliveringits ruling, theBoardissuedthe
following directive:

“Hydro to conducta studyinto thereliability ofthe transmissionline servingthe
GNPandwill identify the amountofemergencypowerrequired. Thestudyto
drawupon theinformationacquiredbyHydro throughthemonitoringactivities
initiatedpursuantto this order. •Thestudywill also identify the roleofmobile,
transportable,andfixedgenerationunitsandwheretheseunitsshouldbeplaced,
recognizingthe historyofreliability andtheperformanceofthetransmission
lines. Thestudyshallbeconductedbyan independentconsultantandthereport

Acres International Limited
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shouldbesubmittedto theboardno laterthanJuly 1, 2003,reflecting the
peiformanceoftheelectricalsystemandits reliability up to May31, 2003”.

Accordingly,AcresInternational,as anindependentconsultantto Hydro, hasreviewed
andanalyzedsix yearsof historicalperformanceof theGNP systemaffectingHawke’s
Bay andthe areanorthof this community. Comparisonshavebeenmadewith similar
radial supplysystemsin otherjurisdictionsinNorth America. As aresult,
recommendationshavebeenmadefor improving transmissionlineperformanceandon
theappropriatelevel andlocationof standbygenerationin theregion.

Figure 1.1 Transmission Grids and Generation — Northern Peninsula

Acres International Limited
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1.2 Study Objective

Themainobjectivesof this studyareas follows.

Transmission SystemPerformanceAnalysis

• Analyzetheperformanceandreliability of theHydro transmission
systemservingtheGreatNorthernPeninsula,especiallythesystemfrom
HawkesBayandnorth.

• Identify anyareaswherespecificfeasiblemeasurescanbe takento
improvethedeliverypointperformance.

• Evaluatetheperformanceof theGNPtransmissionsystemrelativeto
othersimilar radial systemsthat Hydro operatesin asimilarclimatic
environment.

• Comparereliability statisticsof the GNPtransmissionsystemwith other
utilities inNorth Americaandwith CEA statistics.

StandbyGenerationAnalysis

• Examinethecurrentarrangementandplacementof standbygenerationin
the GNPnetworkandmakerecommendationson theappropriateamount
andlocationof standbygeneration.

Evaluatetheimpactof standbygenerationon deliverypointperformance
for: HawkesBay, PlumPoint,BearCove,St. Anthony,Main Brook, and
Roddickton.

Acres International Limited
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2 Scope of Work and Methodology
The scopeof work for theGNPsystemperformancereviewstudyis comprisedof two
majortasks,whichinclude:TransmissionSystemPerformanceanalysisandStandby
GenerationAnalysis. Therequirementsunderthesestudytaskswereoutlinedin the
original RFPissuedon February10,2003 andin asubsequentreleaseof February21,
2003,titled “GNP — PerfonnanceStudy— Responses”.Accordingly,the detailedscope
andmethodologyadoptedin respectof thetwo maintasksis describedin the following
sections.

It shouldbenotedthatdefinitions for someof thetechnicaltermsusedin this reportare
includedin AppendixA.

2.1 Data Collection and Review

On March 17 and18,2003,akickoff meetingwas heldin Hydro office in St.John’s,
Newfoundland.Thestudyframeworkwas thoroughlyreviewedwith theHydro staffand
adetailedworkplanwas developed.Therequirementsfor additionalinformationon the
subjectwereidentified andissuesrelatedto dataandassumptionswereclarified.
Accordingly,previousrelevantstudiesandinformationwas solicitedandcollected.

Correctandcompletedataavailability is the mostcritical elementin orderto meet
objectivesof this study. Therefore,extensiveandthorougheffort hasbeenmadeto
collectandreviewthedata. Acresstartedreviewingthecollecteddatain termsof its
completeness,dataformat, theconnectivitylogic for variousdatatablesin theAccess
database,anddataloggingproceduresasper industry standards.Thisdatareview
includedgeneralinspection,engineeringjudgment,logic andrelationshipof different
dataelementsin thedatabase.After adetailedreview,generalobservationsregarding
dataareidentifiedanddiscussedin Chapter4 of thisreport.

Immediatelyaftercollectingthe dataduring theprojectinitiation meetingandsubsequent
datasubmissionsby Hydro,Acrescommencedtheanalyticalwork associatedwith the
first main taskof TransmissionSystemPerformanceAnalysis. Primarily, theAccess
databasedevelopedandmaintainedby Hydro hasbeenusedin carryingout thereview
andanalysisof TransmissionEquipmentForcedOutage(TEFO)andHydro Bulk Electric
System(BES) deliverypointperformancestatistics. Thedatabasewas enhancedby
improvingtheconnectivityamongdifferentdataitemsfor betteranalyticalcapabilityand
detailedanalysisof theGNP systemperformance.In addition,thedatabaseinformation
was augmentedwith theoutagereports(providedseparatelyin Excel spreadsheets)for
analyzingtheunderlyingcausecodesof deliverypoint interruptions.

Acres International Limited
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A completelist of dataresourcesusedin theanalysisis givenin Chapter4 of thisreport.
Thecommentaryundereachtypeofanalysismentionedbelowsummarizesthe
methodologyfor GNPtransmissionsystemperformanceanalysis.

2.2 Transmission System Performance Analysis

2.2.1 Review of GNP System Reliability Performance

All investigationsweremadebasedon thefollowing:

• Thehistoricalreliability performanceof theGNP system,as extracted
from theHydro outagereportingdatabase,

• An analysisof thecurrenttransmissionreliability conditionsin the
system,givenrecentinvestmentandmaintenanceinitiativesand
observedtrendsin overallreliability andunderlyinginterruptioncauses.

In orderto assessthehistoricalperformanceof theGNPtransmissionnetwork,three-year
rolling averagesof deliverypointperformanceindiceshavebeenanalyzed,including
June1997 to May 2000,June1998 to May 2001,June1999 to May 2002,andJune2000
to May 2003.

Thereliability performance,in termsof frequencyanddurationof interruptionsatthese
deliverypoints,hasalsobeenanalyzedon ayearlybasis.Theobjectivewas to identify
anyspecific yearsthatweresignificantcontributorsto thereliability statisticsandthus
requiredadditionalanalysisor investigation.Further,theprimaryandunderlyingcauses
of deliverypoint interruptionshavebeensummarizedin orderto identify andassessthe
corecausesinfluencingtheperformanceof the GNPsystem.

2.2.2 Comparison of GNP System Reliability Performance with Other
Systems

TheGNPtransmissionnetworkperformanceanddeliverypointstatisticshavebeen
comparedwith:

Similar radialsystemson Hydro’s transmissiongrid; thespecificareas
for comparisonon theHydro systemarethesouthwestcoastservedby
TL 214/215andthe ConnaigrePeninsulaservedby TL 220.

• Similar radialsystemsof otherutilities in coldmaritimeclimatesand/or
similarenvironmentsthatcouldbecomparedto theGNPsystem.Acres
consultedthe followingutilities thathaveidentified comparableradial
supplysystems.The datagatheredfrom theseutilities wasusedfor
comparison.

Acres International Limited
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a) NovaScotiaPower,Canada
b) BangorHydro, USA
c) Hydro One,Ontario,Canada
d) AquilaNetworks,British Columbia,Canada

• Overallperformanceof Hydro’s system.

• OverallCanadianElectricalAssociationperformancestatistics.

2.2.3 Influence of Past Investment(s) and Maintenance Initiatives

The focusof theanalysiswasto capturethe trendsin overallperformanceof the GNP
network,andon thetrendswithin theunderlyingcausecodesfortheinterruptions.The
observedtrendshavebeencorrelatedwith newinvestmentandmaintenanceinitiatives
undertakenby Hydro duringtheperiodof thereportedreliability statistics.

Evaluationsof varioustransmissionsysteminvestmentandmaintenanceprogramming
initiatives werealsocarriedoutto assesspracticalimpactson thehistoricalresults,which
wereextrapolatedto theexpectedfuture systemperformance.

2.2.4 Feasible Actions to Improve the Delivery Point Reliability
Performance

Fromthe reviewof thehistoricalreliability performanceofthe GNP system,the
dominantinterruptioncauseshavebeenidentified. Theseunderlyingcausesleddirectly
to identificationof specificremediesthataddresstheremainingreliability issues.
Accordingly,recommendationshavebeenmadeforanyareason theGNP systemwhere
specific feasibleactioncouldbetakento improvethedelivery pointperformanceand
reliability.

2.3 Standby Generation Analysis

Evaluationof the impactsof theexistinggenerationon reliability, andtheimpactsof
removalof thegenerationon futurereliability, hasbeenassessedbasedon thehistorical
dataandthepracticalimpactsof thestandbygenerationin deliveringthesehistorical
results. Accordingly, thejustificationsfor anystandbygenerationhavebeenevaluatedin
thecontextof associatedreliability improvementsin theinterruptionfrequencyand
duration. Themethodologyadoptedin eachof theseevaluationsis discussedin the
following sections.

Acres International Limited
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2.3.1 Review of Existing Standby Generation on~Reliability Performance

Thepurposeof theperformancereviewof theexistingstandbygenerationon theGNP
was to appraisetheimpactonthe supplysystemreliability of deliverypointsHawkes
Bay andnortlt Thefollowing work hasbeenperformedunderthisactivity:

• Reviewedthe currentarrangementandlocationof standbygenerationon
theGNP. Primarily, thestandbygenerationatHawkesBay, Roddickton,
andSt. Anthony hasbeenanalyzed.

• Assessedtheimpactthat thisstandbygenerationhashadon thecurrent
supplysystemperformanceandappraisedtheoverall reliability
performanceof thatareafrom HawkesBayandnorth. The analysishas
addressedthepracticalimpactsboth on thefrequencyanddurationof
interruptionsin thisarea.

2.3.2 Reliability Performance without Standby Generation

Theeffecton thereliability performanceof six deliverypointshasbeenevaluatedfor the
situationif thegenerationwereremovedfrom HawkesBay, St.Anthony andRoddickton
dieselplants. Predictivereliability assessmentof theBES system,coupledwith the
historicalreliability performancein thearea,hasbeenusedin completingthisanalysis.

2.3.3 Justification and Assessment of Standby Generation Requirement

Following theanalysesconductedin Sections2.3.2and2.3.3,thepracticalimpactsof any
rearrangementor additionsin thestandbygenerationatHawkesBay andnorth havebeen
examined.Thejustificationfor anystandbygenerationhasbeenevaluatedin the context
of associatedreliability performanceimprovementsin thesix delivery pointsandrelative
to otherutility practiceselsewhere.

2.3.4 Portable versus Fixed Standby Generation

The role of portableversusfixed standbygenerationhasbeenanalyzedrelativeto
maintainingor improvingperformancelevels. Thesignificantdifferencebetween
portableandstationarygenerationstemsfrom thepossibleinadequacyof the available
generationandthelongerlag timesfor full or partial supplyrestoration.Theseimpacts
havebeenexplicitly analyzed,usingthe modelsdevelopedfor thepreviousanalyses.

Acres International Limited
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2.3.5 Options Considered and Associated Costs

Thesestudyresultshavebeenusedin the evaluationof thejustificationfor each
investmentinitiative considered.Accordingly,thecostshavebeenestimatedto
implementtherecommendationsmadein this report.

Acres International Limited
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3 Assumptions and Criteria

3.1 Assumptions

TheGNPtransmissionsystemperformanceanalysisis basedon thefollowing
assumptions:

1. TheGNPareaof theHydro interconnectedtransmissionsystemis
operatedin aradialfashion.

2. ThegeneratorsatHawkesBay andSt. Anthony ar~operatedas standby
generationduringunplannedoutages.

3. ThegeneratorsatRoddicktonareoperatedas emergencygeneration.

4. Thegenerationat HawkesBayandSt. Anthonycanbeusedas system
support,but suchanevaluationis beyondthe scopeofthis report.

3.2 Delivery Point Performance Criteria

Eachyear,Hydro managementgenerallyestablishesthereliability targetsfor delivery
pointperformance.The reliability statisticsarethencomparedwith thecountrywide
reliability statisticsthatarecompiledby CanadianElectricityAssociation(CEA). The
areasthatcontributeto poorperformancesare identified andaccordingly,maintenance
andcapitalwork is initiatedto improvefuturesystemperformance.Hydro alsotakes
preemptiveactionswherenecessaryto enhancedeliverypointservicecontinuity and
overall systemreliability.

As part ofAcres’ investigationof transmissioncircuitsoperatingundersimilar
circumstanceselsewhere,Acresalsosoughtout customerdelivery pointperformance
standardsusedby otherutility industry leaderswhichcould beusedfor analysisof
performanceof theHydro systemandtheGNPsystem. A goodexampleis the
performancestandardrecentlydevelopedby Hydro OneNetworksInc. (Networks),
whichdefinesacceptableperformanceatthecustomerdelivery point level,consistent
with systemwide standards.A summaryis includedin AppendixB. This standard
reflects:

• Typical transmission-systemconfigurationsthat takeinto accountthe
historicaldevelopmentof thetransmissionsystematthecustomer
deliverypoint level;

• Historical performanceat thecustomerdeliverypoint level;

Acres International Limited
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• Acceptablebandsof performanceatthecustomerdelivery point level for
thetransmissionsystemconfigurations;geographicarea,load,and
capacitylevels;and

• Definedtriggersthatwould initiatetechnicalandfinancialevaluationsby
thetransmitterandits customersregardingperformanceatthecustomer
deliverypoint level,exemptionsfrom suchstandards,andstudytriggers
andresults.

TheCustomerDeliveryPointPerformanceStandardsandTriggersthatareproposedfor
Networks’ transmissionsystemareshownin Table3.1 below. Thesedelivery point
performancestandardsarebasedon rigorousstatisticalanalysisof thehistorical(1991-
2000)performanceas measuredby thefrequencyanddurationof outagesthatcoversthe
impactof all momentaryandsustainedinterruptionscausedby forcedoutages,excluding
force majeureeventsthataredeemedappropriateto beexcluded(egg. 1998 IceStorm,
tornadoes,earthquakes,otheractsof Godandanyothersignificanteventhaving
“excessive~’impacton performancethatis beyondthereasonablecontrol of, andnota
resultof thefault or negligenceof Networks).

Table3.1: Networks’Delivery Point (DP) PerformanceStandards

Performance
Measure

DeliveryPoint PerformanceStandards
(Basedon aDeliveryPoint’sTotalAverageStationLoad).

0-15MW 15-40MW 40-80MW >80 MW
Standard

(Average

Perfonoanan)

Madman,

Standardof

Perfoenmaco

Standard

(Average

Perfortoanee)

Miolmam

Standardof

Porfoetoaner

Stoodard

(Average

Performance)

Minimom

Standardof

Perfoetoanco

Standard

(Average

POefoetoanro)

Minimun,

Standardof

Perfortoance

DPFrequencyof
Interruptions
(Outageslyr)

4.1 9.0 1.1 3.5 0.5 1.5 0.3 1.0

DPInterruption
Duration
(min/yr)

89 360 22 140 11 55 5 25

Theminimumstandardsof performanceareto beusedas triggersby Networksto initiate
technicalandfinancialevaluationswith affectedcustomersto begintheprocessof
addressingbelowstandardperformance.Whenthe threeyearrolling averageof delivery
point performancefallsbelowtheminimumstandardof performanceor whendelivery
point customer(s)indicatethatanalysisis required,Networkswill initiate technicaland
financialevaluationsto assessremediesfor improvingreliability.

Acres International Limited
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Thesebandsare to:

• Accommodatenormalyear-to-yeardeliverypointperformance
variations,

Limit thenumberof deliverypointsthatareto beconsidered“outliers”
to amanageable/affordablelevel,

• Deliveralevelof reliability that is commensuratewith customervalue,

Direct/focuseffortsfor reliability improvementsatthe“worst”
performingdeliverypoints.

Theproposedminimumperformancestandardscorrespondto aperformancebandwidth
designedto captureabout90% of all deliverypointperformanceandleaveabout10% of
the deliverypointsto beclassifiedas performance“outliers.”

Theobjectiveof presentingtheabovecriteriahereis not to comparetheperformanceof
deliverypointsin theGNP systemwith deliverypointsin theHydro Onesystem;
however,it providesagoodyardstickforappraisingtheperformanceof thesix delivery
pointsin theGNPNorthareathathavelessthan 15 MW averagedemands.Accordingly,
thereliability performancestatisticsof six deliverypointsin theGNPNorth areamaybe
weighedagainsttheminimumstandardperformancerequirementsforfrequencyand
durationofinterruptionsas depictedin Table3.1.

Acres International Limited
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4 Data Collection and Review
4.1 Data Collection

Thefollowing informationhasbeencollectedfromHydro forreviewandanalysis:

1) Summary— CorrespondenceRelatedto the Applicationto theBoard

2) Summary- Informationprovidedto Boardof Commissionersby Hydro

3) Summary- Transcriptsof BoardHearingsandRuling

4) Hydro Bulk ElectricSystem(BES)andTransmissionEquipmentForced
outage(TEFO)performanceinformation,includingfrequencyand
durationof outagesandunderlyinginterruptioncauses— anAccess
databasefile. The Hydro Accessdatabasehasbeenextensivelyusedto
extractperformanceindicesrelatedto transmissionsystemoutagedata
anddeliverypoint interruptions.Theseindicesformedthe basisfor
evaluatingthereliability performanceof the GNP system.

5) BES2001 PerformanceandEquipmentreview (complements#9)

6) Transmissionline dataservicingtheGNP

7) ActualDemandandLoadForecastChart forthe GNPsystem,including
theloaddurationcurvesfor the GNPandSt. Anthonyarea,thenumber
of rural customersconnectedto the GNPsystem,andto the entireHydro
system

8) GNPSingleLine DiagramShowingsamplePowerFlowsandVoltages

9) BES Voltageclassifications

10) Hydro InternalReport‘TL214 ConditionAssessmentand
Recommendationsfor Upgrading”,September9, 2002

11) Hydro InternalReport“Reliability Studyof TransmissionLines in the
Avalon andConnaigrePeninsulas”,April 1996

12) A list of investmentandmaintenanceprogramsexecutedwithin the GNP
systemoverthe studyperiod

13) DesignTransmittalsandJustificationStatementsfor theinvestmentand
maintenanceprojectson linesTh239,TL226,TL229, andTL262.

Acres International Limited
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14) Theexcerpts of ‘PerformanceIndices’ and‘Damage Claims’ sections
fromthe QuarterlyRegniatoryReportsfortheperiod fromJune1999 to
December2002.

15) Operation and Maintenance (OIM) information on cost for operation of
the Roddickton diesel generating plant

16) Diesel generation dispatch information

17) Long term generation rating information

18) Deliverypoint service continuity information

19) Lightning Strike information from 1998 to 2003

20) CEA 5-year TEFO Information

21) TEFO Underlying CauseCode information (6 years hand written notes)

22) System Single Line DiagramReference A0-300E-36 Rev 53

4.2 BES and Delivery Point Information

Relevant information was extracted from the MS Access database, using various reports.
The most common report summarizes occurrences and durations, including:

• Number of momentary and sustained outages
• Minutes of BES and customer outage time

This information was collected by delivery pointand summarized on a regional level.
Parameters ofthe report include:

• All unplanned outages only
• All momentary and sustained outages
• Timeframe: June 1st 1997, to May 31st 2003

The results presented in the followingchapters of the report represent information up to
and including December 31st, 2002 forTEFO information and up to and including March
3 l~ for Delivery Point (DELPNT) information. A new data set was received June

4
th

with the remaining data forTEFO and DELPNT, up to and including May 3 ~ 2003. An
extraction of the data for Tables 5.2 to 5.7, upon which the analysis and conclusions are
based, showed a variance in the percentages of less than 0.2% in almost every case, and
no change occurred in the general order of highest to lowest in all tables.

Acres International Limited

4-2



Newfoundland and Labrador Hydro System Performance Review
Great Northern Peninsula

4•3 Data Extraction from the Access Database

The information is collected in MS Access database based on several criteria. Not all
events affecting the transmission system are “TEFO reportable”. Consequently, there are
occurrences of delivery point outages without an entry in the TEFO database identifying
the root cause. An example would be distribution equipment failure at Plum Point (root
cause), that had the secondary effect of tripping TL241. This in turn would cause at least
one outage to all points north of Plum Point, if they were connected to the BES.

Acres developed a process to link several databases together based on date/time and
human judgment. Accordingly, the results presented in this report maximize the
available data, and are thus representative of actual historical reliability performance in
spite of a small percentage of data not included.

4.4 Data Assimilation for Standby Generation Analysis

A summary of all delivery point interruptions was extracted from the MS Access
database. Only records affecting the GNP North Area were retained. These were then
sorted by delivery point and their outage duration. Information presented includes:

• Duration of BES outage in minutes

• Duration of outage in minutes as seen by the customers (Delivery Point)

• Impact of standby generation in minutes (difference between BES and

DP numbers, where DP is less than BES).
In the case of modeling supply conditions without generation, yearly results were
reviewed and the reliability of each delivery point was predicted. Since the grid is
primarily radial from Hawkes Bay north, BES outage times (minutes) were compared to
delivery point outage minutes. The following observations were made:

• More northerly DP’s should have the same or greater BES outage times
as compared to more southerly points along the same radial transmission
line. In this analysis, St. Anthony, Main Brook and Roddickton were
considered more north than Bear Cove.

• Any difference between actual DP performance (minutes) and modified
BES performance is a strong indication of generator contribution in the
improvement of deliverypoint outage time.

Acres International Limited

4-3





Newfoundland and Labrador Hydra System Performance Review
Great Northern Peninsula

5 Transmission System Reliability
Performance Review and Analysis

This chapterpresentsthe resultsof histoncalreliability performancereviewof theHydra
interconnectedtransmissionnetworkthatservescustomersat six deliverypointsin the
GNPsystem,namelyGNP Northarea. ThesedeliverypointsareHawke’sBay,Plum
Point,BearCove,St. Anthony,Main BrookandRoddickton. Table5.1 showsthe five
yearaveragenumberof customersforeachdeliverypoint in GNP North area.

BCV Bear Cove 935
SDP St. Anthony 2,291
MBK Main Brook 250
RWC Roddickton 934

This chapteralsopresentstheresultsof transmissionnetworkperformancereviewin
termsof primaryandunderlyingcausesof delivery pointinterruptions.Theoverall
analysishasbeenperformedasper layoutof aninvertedtriangleas shownbelow:

3-year rolling,average performance

One-year performance

Primary Causes of Interruptions

At eachstageof analysis,thecorrespondingstrip in theabovetrianglehasbeen
highlightedfor betterreadabilityandunderstanding.

Acres International Limited

Table 5.1: Customers in GNP North Area

Total 6,688

P PT Plum Point 984
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5.1 Historical Reliability Performance Review

5.1.1 3 year Rolling Average Performance

One-year performance

Primary Counen of Interroplions

Uoderlying COunes of Inrenupriono

Hioforical Trendin
fraIl annoy and

caunenof
infamJprOnn

Figure5.1 showsthethree-yearrolling averageof SystemAverageInterruptionDuration
Index (SAIDi) for six deliverypointsfromHawke’sBaynorth. TheseSAIDI indices
representtheaverageannualdurationof interruptionsexperiencedby customersin the
targetarea. Theindicesarebasedon theactualcustomerinterruptiondurationsafter
takinginto accountthestandbygenerationcontributiontowardsSAIDI.

Figure5.1 showsadecliningtrendin the averageannualdurationofinterruptionfor the

2
ndperiod,but theSAIDI valuesincreasedduringthe

3
rd and 4~3-yearperiods..

Consequently,the 3-yearrolling averageSAJDIvaluefor GNPNorthareais 2.79
hours/year,whichis quite reasonablefor alongradialsupplysystemaugmentedby small
contributionsfrom the standbygeneration.Furthermore,it is well within therangeof
acceptableperformanceestablishedin otherjurisdictionsfor loadlevelssimilar to the
GNPsystem,as exemplifiedby the standardsadoptedbyHydro Oneandpresentedin
Table 3.1.

EHawiren eay U Prom P1 0BearCove DCI. Anrfrony UMain Bmok URoddlolrlno UGNP NORTH Tofal
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Figure 5.1 - customer Delivery Point Performance
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It is pertinentto point outthat SAIDI valuesvaryquitesignificantlybetweenthe delivery
pointssuppliedby thesameradialcircuit. This is principallydueto theuseof standby
dieselgenerationatSt. Anthony andRoddickton. Beingatthetail endof aradialcircuit,
theSALDI valuesfor St.Anthony,MainBrookandRoddicktondeliverypointswould
normallybe expectedto behigherthanthosefor PlumPointandBearCove,but dueto
theimpactof thestandbydieselgeneration,the SAIDI valuesatthethreeremote-end
communitiesaresomewhatlower.

Figures5.2giveanoverviewof SystemAverageInterruptionFrequencyIndexfor
SustainedInterruptions(SAIFI-SL) in respectof six deliverypointsin the GNPNorth
area. Similarly, Figure5.3showsSAIFI-MI indexforMomentaryInterruptions. These
indicesrepresent3 yearrolling averageperformanceof the deliverypointsatthe
customerlevel.

25.00

Figure 5.2 . customer Delivery Point Performance
5AIFI.51 (intfyr)

I
Jun 97 to May 00

I
Jan 00 tO May Ii

EHeaken Say EPlare Pr OScar Cave OSI. Anthany EMain Break •Raddlnktnn •GNP NORTH Talal

Figure5.2 reflectsagenerallydecreasingtrendin the deliverypointfrequencyof
interruptionsforsustainedoutages.However,thefrequencyof sustainedinterruptions
correspondingto theSt.Anthony,Main Brook andRoddicktondelivery pointsarequite
highin comparisonto PlumPointandBearCove frequencyindices. The resultsappear
to belogical, as it is expectedthatthedeliverypointsconnectednearthetail endof a
radialsupplywouldbesubjectedto ahigherfrequencyof interruptionsdueto their
greaterexposure.

However,thedetailedanalysisindicatethatthe sustainedinterruptionsfor thethree
deliverypointsnorth of BearCovewereloggedas momentaryinterruptionsforPlum
PointandBearCovedeliverypoints. Thisapparentinconsistencywasmainlydueto the
practiceof manualclosingof TL256atBearCovefor thetransmissioncircuits northof

Acres International Limited

20.00

10.00

5.00

0.00 I
Jun 98 to May 01

I
Jun 99 to May 02
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BearCoveprior to July 2001. Hence,theaverageinterruptionfrequencyvaluesfor
sustainedinterruptions(SAIFI-SI), with respectto St.Anthony,Main Brook and
Roddicktondeliverypoints,couldbemisleadingprior to July2001. TheSAIFI-SI
indicesbasedon theyearly datafurtherhighlightstheimpactof thisoperationlimitation
in thefollowing section.

WhentheGNPinterconnectionwasfirst put in servicein thefall of 1996,themodeof
operationfor fault situationswas to reconnectthe systemin two blocks. TheTL 256
protectionatBearCovewas setto trip TL 256 on ‘loss of supply’. Oncethe supplywas
restoredatBearCove,11256was closedmanually. For faultson 11256,auto-
reclosingwasalwaysenabled.In July2001,Hydra decidedto recloseTL 256
automaticallyafter20 secondsif theBearCovebusvoltageis restored.

The3-yearrolling averagevaluesfor SAIFI-MI index, as shownin Figure5.3,showa
decliningtrendforHawkesBayandanincreasingtrendfor PlumPointandBearCove
delivery points. Also, theSAIFI-MI indexvaluesforthesedeliverypoints arehigh for
all theperiods. In contrast,the SAJFI-Ivll indicesfor theotherthreedeliverypointsare
quite low duringthe

2
nd and

3
rdperiodsbut rosefairly high duringthelastperiod.

Figure 5.3- Customer Delivery Point Pertormance

25.00

20.00

I
10.00

5.00

0.00
Jun-97to May-00 Jun-OS to May-02

Efloakus eny Uplun, Pt DOnor Coon OSt. Anthony EMuin 0,00k •Roddiuktoo •ONP NORTH Toto~

With referenceto oneanother,the individualdeliverypointSAIFI-MI resultsarenot in
theexpectedranges.TheSt.Anthony,Main Brook andRoddicktondeliverypoints
wouldnormallyexperiencemoreinterruptionsin comparisonto PlumPointandBear
Covedueto their remoteendlocationin theradialsupplysystem. However,the results
arecontraryto this expectation.As mentionedabove,dueto themanualclosing
operationsnorthof BearCove,the momentaryinterruptionsloggedatPlumPointand
BearCovewereloggedas sustainedoutagesfor theotherthreedeliverypoints.

Acres International Limited
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In orderto assesstheoveralltrendin frequencyof interruptionsin theGNPNortharea,
theaverageinterruptionfrequencyvaluesfor sustainedandmomentaryinterruptions
(SAJFI-SI+MI) areshownin Figure5.4. For theperiodsanalyzed,theresultsof
collectiveinterruptionfrequencyindexesfor all deliverypointsexceedthetypical
frequency(occurrencesperyear)generallyreportedfor otherutilities in the electric
supplyindustry. For instance,Hydro Onehasaminimumperformancestandardof 9
occurrencesperyearas specifiedin Table 3.1.

Figure 5.4 - customer Delivery Point Performance
5AIFI-MI+51
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The 3-yearrolling averagefor collectivefrequencyindexshowto someextentan
increasingtrendthroughout the successiveperiods.

In summary,theSAIDI indexfor GNPNorthareashowthattheaverageannualduration
of interruptionsis in theacceptablerange,whichfurtherimpliesthatthe integratedradial
networksupplyto theGNPregionis beingadequatelymaintainedby Hydro. The SAIFI-
SI indexfor sustainedinterruptionsalsobecameacceptablefor St. Anthony,Main Brook
andRoddicktondelivery points,as momentaryinterruptionsbeganto beloggedas
momentaryratherthansustainedinterruptionsin the lasttwo years.However,theSATFI-
MI indexesfor momentaryinterruptionsaswell as thecompositeSAIFI (SI+MI) indexes
for momentaryandsustainedinterruptionsarehigherthantherangeof valuesgenerally
acceptablein theutility industry.

As ageneralstatement,it is safeto saythatwhile thefrequencyofoutagesontheGNP
appearsto be constant,thecompositionis changing.Moreoutagesareof amomentary
nature,with fewerbeingsustained.

Acres International Limited
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5.1.2 Yearly Performance

2-year roOng uvemga pettutniunce

Primaty Causenut lotartuptiono

Undeilying Causes of lnlemtptonn
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Thedateconventionusedin thefollowing figuresassociatesthetimeperiodof June
1

st

1997 to May 31St 1998with the year1997.Likewise, thedataidentifiedas 2002
representsthetimeperiodof June~ 2002to May 31~, 2003.

Figure5.5 showsayearly variationin SAIDI indicesfor thecustomersof the
aforementionedsix deliverypointsin the NorthernGNParea. With the exceptionof
BearCove in 1997 andHawkesBay andPlumPointin 2001,thecustomerSAlDI values
for eachdelivery pointas well asfor the overallGNPNorth areaarewithin the
reasonablepracticalrangefoundin theutility industry. As discussedabove,the
increasedtrendduring2002— 2003periodmaybeattributedto anoutageof 11259138-
kY circuit dueto abrokencrossarmatastructure.Beingasectionin theradialsupply
chain,the outageof this elementcausedinterruptionsto all the otherdeliverypointsin
theGNPNorth area.

Acres International Limited
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Figure 5.5 - customer Delivery Point Performence
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In 2001,theSAIDI indexvaluesforHawkesBay,PlumPointandBearCovearehigh
relativeto the otherdeliverypoints. The SAIDI valuesforthesethreecommunitiesare
alsorelativelyhighas comparedto theSAIDI valuesfor customersatthe otherthree
deliverypoints. This is primarily dueto the standbygenerationcontributionto theSAIDI
statisticsfor customersservedby St. Anthony,Main BrookandRoddicktondelivery
points.

Figure5.6 presentsanoverviewof sustainedinterruptionsfrequencyindexSAIFI-SIand
Figure5.7 showsSAIFI-MI indexfor MomentaryInterruptions.Theseindices
correspondto aone-yearperformanceof all the six deliverypointsatthecustomerlevel.

TheresultsshowthattherearemoresustainedoutagesatSt. Anthony,Main Brookand
Roddicktondeliverypointsas comparedto PlumPointandBearCoveduringthe early
years.Thedifferenceis especiallypronouncedin Figure5.6for 2000. Theunderlying
causefor thisis lightningon 11241,whichisexplainedin the Section5.1.5. Thisalso
makessenseintuitively, as it is expectedthat thedeliverypointsconnectedto theremote
endof aradialsupplywouldexperienceahigherfrequencyof interruptionsdueto their
greaterexposure.However,this enhancedimpactis mainlydueto thepracticeof manual
closingof TL256servinglastthreedeliverypointsin the radialsupplychain,as
explainedin theprevioussection. Pleasenotethatthistrendhasreversedin thelast two
yearsdueto theuseof of auto-reclosingof transmissionelementsnorthof BearCove.

Prior to July2001,themix of sustainedandmomentaryaveragefrequencyindicesmight
havebeendifferentif thedatalogginghadbeendonedifferently. This limitation in the

Acres International Limited

Figure 5.6 - customer Delivery Point Performance
SAIFI-SI (oeclyr)
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dataloggingexisteddueto thecurrentdefinitionfor momentaryinterruptionas lessthan
one-minuteoutage,andbecauseof inherentdelayin manualclosing. SomeNorth
Americanutilitieshaveadoptedamodifieddefinitionfor momentaryinterruptions,using
a5-minutedurationas thethresholdbetweenmomentaryandsustainedinterruptions.
Hydro hasadheredstrictly to thereportingcriteriausedby theCanadianElectricity
Association,sothereductionin sustainedoutagesandincreasein momentary
interruptionsonly occurredafterthereclosingtimeswereshortenedforthe more
northerlycircuits.

Figure 8.7- Customer Delivery Point Performance
SAIFI-MI (occlyr)
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In 2002,the SAIFI-MI indicesexhibitpoorreliability performanceforall the delivery
points. In addition,theSAIFI- MI indexvalueforHawkesBayis extremelyhighduring
1999,asTL-227 69 kV circuitexperiencedahighnumberof interruptionsdueto adverse
weather.TheSAIFI-MI indicesforPlumPointandBearCovedeliverypointsarealso
quitehighfor 1998 and2000periods. In contrast,theSAIFI-MI indicesfor theother
threedeliverypointsdemonstrategoodperformanceduring1997 and2001 periodsbut
theirperformancedeclinedin 2002. As discussedabove,the reliability performance
differencein thetwo setsof deliverypointsisprimarily dueto theuseof manualclosing
on thenortherlycircuits priorto July 2001.

Thecollective(SAJFI-SI+Ml) indexvalues,as shownin Figure5.8, supportthis
conclusionsincetheperformancedifferenceamongall thedeliverypointsis generally
verysmallbutHawkesBayhadextremelyhighindexvaluein 1999. Exceptfor2001,
theresultsof collectivefrequencyinterruptionsindexlargelyexceedthetypicalindustry
performancestandardsforthe otherfive yearsanalyzed.Forexample,Hydro Onehasa
minimumperformancestandardof 9 occurrencesperyear(seeSection3.2,Table3.1).

Acres International Limited
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Theaveragefrequencyindexfor combinedsustainedandmomentaryinterruptionsshow
adecreasingtrendin the successiveyearsup to 2001. However,theindiceshavejumped
veryhighin 2000and2002. Thereasonsfor theseabruptchangesin indexvalueshave
beeninvestigatedin Sections5.1.3 and5.1.4below.

Intuitively, thereshouldbemoreoutagesatthe endof theline thanatthebeginning.
However,in 1998,it appearsthatthe northerncommunitieswere isolatedontothe
northerngenerationduringstormconditions,thusshelteringthe northfromfrequent
outagesalongthe coastallines.

In conclusion,theaverageinterruptiondurationfor GNPNorthareacustomershasbeen
below2 hours/yearduring1998, 1999 and2000. However,this averagerosetojustover
3 hoursduring2001 and2002,whichis still reasonableperformancefor anyloadthatis
suppliedthroughalongradialfeed. TheSAIDI indicesfor HawkesBayindicatethat its
performancewaspoorerin 1999 and2001 in comparisonto otheryears,whereasPlum
PointandBearCovedeliverypointsexperiencedtheir worstperformancein 1997 and
2001 respectively.TheSAIDI valuesfor St.Anthony,Main Brook andRoddickton
deliverypointsdemonstrateaconsistentlyreasonableperformanceoverthelast five
years.In addition,thereliability performancevariationamongthesethreedeliverypoints
is verysmall for thelastthreeyears.Theperformanceof St. Anthonydeliverypointwas
bestamongthethreein 2001.

SinceJuly2001,sustainedinterruptionsin theGNPsystemhavereducedsignificantly,
however,themomentaryinterruptionsroseto ahigh level in 2002dueto extreme
weatherconditions.The aVeragenumberofmomentaryinterruptionsin theGNP region

Acres International Limited

Figure 5.8 - customer Delivery Point Performance
SAIFI-MI + SI (occlyr)
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is generallyhigher in comparisonto atypically acceptablelevelof performancein the
electricsupplyindustry. This will bereviewedin moredetailin Section5.2.1.

5.1.3 Primary Causes of Interruptions

3-year railing average patfotmartne

One-year pettonnanne

UndedyingCanaan at inierruptinun

Hiutaricat Trend in
frequency and

nausea at
interruptiana

Theprimarycausesof deliverypoint interruptionsareidentifiedanddiscussedin this
section.This analysisis focusedon identificationof thosesystemelements,whichhave
contributedmostprominentlyto the overallperformanceof supplyin the GNPNorth
area. Further,the outagesof identified systemelementshavebeenrelatedto primary
causecodesas perCEA classificationfor TransmissionEquipmentForcedOutages.
Thesecausesof interruptionsareclassifiedas,DefectiveEquipment,AdverseWeather,
AdverseEnvironment,SystemConditions,HumanElement,ForeignInterference.The
definitionsof thesecausesaregivenin AppendixA.

Thepowersupplysourcefor HawkesBaydeliverypointnormallyconsistsof 138kV
linesTL239, Th259andthe69 kV line Th221. Thebackupsupplyis providedby a
combinationof three69 kV line sections,namelyTh226,Th227andTh221. Similarly,
thetransmissionpowersupplysourceto theotherfive deliverypointsin theGNPNorth
areaconsistsof five 138kY line sections,namely,TL239,TL259andTh241,TL244,
TL256 andtwo 69kV sections(TL261 andTL257). TheTL227, TL221,TL259and
TL241 line sectionsrun verycloseto thewesterncoastof GNPandexperienceadverse
weatherandenvironmentalconditions. Theline sectionsnorthof PlumPointare
relatively lessexposedto suchsevereenvironmentalconditions. Theperformanceresults
of all theline sections,servingsix deliverypoints,havebeenanalyzedin detail and
discussedbelow.

Causes for Interruption Duration
Table5.2relatesdeliverypointoutagedurationsto systemequipmentincluding
transmissionlinesandterminalequipment. Therewere5984minutesof deliverypoint
interruptionsin 6 years.BearCove(BCV) wasthe mostaffectedwith 1283 minutesof
the outagetime andSt.Anthonywas the leastimpactedwith anoutagetimeof 674
minutes.Theotherfour deliverypointsexperiencedinterruptionsbetweenthesetwo
extremes.

Acres International Limited
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It is evidentfrom thetablethatthe singlelargestcontributorto deliverypoint interruption
durationis outagescausedby substationequipmentatPlumPoint,whichcaused1428
minutesof delivery point interruptions.Themostsignificantcontributorto annualoutage
durationatHawkesBaywas longoutagedurationsdueto TL221, andtheseincidents
madeTL 221 the secondlargestcontributorto deliverypoint interruptionsin theGNP
North system. Thethird, fourthandfifth largestcontributorsareoutagesdueto theBES
system,thenTL 241, thenTh 239.

Table5.3presentssimilarresultsto Table5.2 butthe focusis on customerinterruption
minutesat eachdeliverypoint.

Acres International Limited

Table 5.2: Delivery Point vs Equipment - Interruption Duration (mm

)
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PlumPoint stationfaultswerethesinglelargestcauseof customerinterruptiondurations
andcontributedto about21.7%of thetotal customeroutageminutesin the GNPNorth
area. The secondlargestcontributioncamefromoutagesonTL 221 (11.6%),followed
by TL 241 (8.5%) andtheBESSystem(8.1%). Collectively, thesefour elementscaused
about50% of thetotal customer-minutesof interruptionsduring theperiod.
Contributionsdueto Th 239(7.8%)Th244(6.4%),Th 226(6.1%),BearCoveStation
(6.0%) andDeerLakeStation(4.6%) explainover30% of thetotal customer-minutesof
interruptions.

It is interestingto notethat St.Anthonywas theleastaffecteddeliverypoint in termsof
totaldurationof outage,but it experiencedthe highestnumberof customerinterruption
minutes,amountingto 25% in theGNPNortharea. Main Brook is theleastaffected
deliverypoint in termsof customerminutes,as it serveslessnumberof customers.

Table5.4relatestheprimarycausesof interruptionson thetransmissionelementsandthe
total outagedurationcausedby eachof theelements. As inTable5.3,thelargest
contributorsto customerinterruptions,totaling 80% of all customer-minutesin theGNP
North area,arehighlightedin Table5.4.

As expected,thesumof theinterruptiontimeoverall interruptioncausesforeachcircuit
is identicalto the sumof all deliverypoint interruptiontimesoverall deliverypointsas
presentedin Table5.3. The mostprevalentprimarycauseis defectiveequipmentat
39.8% of all customer-minutesin ONE’ North, whichaccountedforover50% of all
outagesatsubstations.Thesecondmostimportantcauseis adverseweather(30.5%of
all customer-minutes),with particularemphasison circuitsTL 239, TL 241 andTh221.
Thethird mostimportantcauseis systemconditionsadjacentto the GNParea(11.5% of

Acres International Limited

Table 5.4: Primary Cause va Equipment - Interuption Duration (cuat-min

)

GNP North Area

• - 397,232 1,601,072 970,634 209,655 38,912 76,088 35,464
Other Equipment 294,398 1,503,820 444,995 636,525 2,023
Total 397.232 1.895,469 2,474,454 209,655 483,902 712,613 37,487 o,elu,uIo

ProtTL 11.9 48.1 29.2 6.3 1.2 2.3 1.1 100.0
Prot Other 10.2 52.2 15.4 22.1 0.1 100.0
Protlotal 6.4 30.5 39.8 3.4 7.8 11.5 0.6 100.0
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all customer-minutes),whichled to interruptionsdueto theBES system.Overall in the
GNPNorth area,53.6%of customeroutagetimeis attributableto the transmissionlines
and46.4%is attributableto otherequipmentrelatedoutages.

In summary,Tables5.2to 5.4revealthatthelargestsourcesof total customer
interruptiontime overthe six-yearperiodas:

DefectiveequipmentatPlumPointSubstation(distributionrecloser
malfunctioncausedtransmissionequipmentprotectionto operate)
Adverseweatheron TL239

• DefectiveequipmentonTL 221 (faulty insulator)
• AdverseenvironmentonTh226

DefectiveequipmentatBearCoveStation(Corrosionon gaspressure
relayconnector)

• Defectiveequipmenton TL 259 (brokencrossarmduringstorm
conditions)
Adverseweatheron Th241
Adverseweatheron Th221

• HumanElementatPlumPoint Substation

Causes for Interruption Frequency
Table5.5 summarizesthesustainedandmomentaryinterruptions,asit relatesto delivery
pointandsystemequipment.Therewere735 deliverypointoutagesduringthe6 years
periodfromJune1st1997 andMay 31st2003. All thedeliverypointswereaffected
moreor lessin thesamewaywith leastamountof interruptionsoccurringat Hawkes
Bay. Lookingatthe equipmentatfault, Th241had195 deliverypointoccurrences
chargedagainstit. Theothermain elementsthat areresponsiblefor the majorityof
delivery pointinterruptionsareTL 239, Th259,TL244,TL227 andTL221 in descending

Table 5.5: Delivery Point vs EpuiDment - lflterruDtion Frequency (ccc

)

Suatained and Momentary Interruptiona in the GNP North Area

ari!i~Iu~ inv~w~m i~e B13=UEl 5J6~ E K10
mSos~o~ EA1IU~dk6

~W~uiU
C

ins~i
in8aa~88t

38 40 36 39 39 192
26 26 26 26 26 26 157
23 25 25 20 25 25 142

12 11 13 12 49
8 9 2 2 30

29 29
5 5 15

2 7 16
13 1 1 1 1 15

2 2 2 2 2 10

4 2
5 4 4 4 4 21

2 3 3 3 11
1 1 1 2 1 1 7
1 1 1 1 1 1 5

2 1 1 4
1 1
1 1
6 11 7 23

101 100 113 108 120 119 661

Other Equipment 10 17 15 12 10 10 74
Total 111 117 128 120 130 129 735

• I
• I

Acres International Limited
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order. TL241 andTL239 alonecausedalmost50% ofthe deliverypoint interruptions,
while the six elementslistedabovecausedover80%of all deliverypoint interruptionsin
the GNPNorth area.

Table5.6presentssimilar resultsto Table5.5 but thefocusis customerinterruption
occurrencesateachdeliverypoint. Two 138 kV line sectionsTL241 andTL239werethe
majorcausefor customerinterruptionsandcontributedto almost50% of thetotal
customeroutageoccurrencesin the GNPNortharea. Theothernoteworthycontributors
to the customeroutagefrequencyareTL259, TL244, Th221andTL227 circuits, andthe
sumof the contributionsfrom all six circuits aboveaccountedfor over 80%of all
customerinterruptionsin the GNPNortharea.

St.Anthony customersexperiencedthehighestnumberof customerinterruptions,
amountingto 34.1%in theGNPnortharea. Again, Main Brook is theleastimpactedin
termsof customeroccurrences.Overall in theGNPNortharea,about90% of customer
interruptionsaretransmissionrelatedandonly 10% areattributableto otherequipment
causes.

Table5.7is asimilarpresentationof the totalcustomerinterruptionsby primarycauses
andthe correspondingequipmentinterrupted.

As canbeseen,thefollowing are thedominantsourcesof customerinterruptionsoverthe
six-yearperiod:

Adverseweatheron TL241
• Adverseweatheron TL239

Acres International Limited

Table 5.6: Delivery Point vs EpuiDment - lnteruDtion

.

Sustained and Momentary Interruptions in the GNP North Area

130,737 8a.ooe 107,Oea 248,440 SOUZO 111,250 90 0
Other 12,887 17,122 12,812 2e,474 2.472 9,236 CU,01~ 10.0

Total 143,934 115,128 119,eao 274,920 32.590 120,488 808.348 100.0

PrctTL 18.0 13.5 14.8 34.2 4.1 15.3 100.0

Prot Other 18.0 21.2 15.8 32.8 3.1 11.4 100.0

Prct Total 17.8 14.3 14.a 34.1 4.0 14.9 100.0
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Adverseweatheron TL259
DefectiveequipmentonTL259 (Jumpercontactingcrossarm)
Adverseweatheron Th221
Adverseweatheron TL244
Adverseweatheron TL227

Thefirst threeequipment/causecombinationsaccountfor almost50% of totalcustomer
interruptionsin the GNPNortharea. All sevenequipment/causecombinationsaccount
for almost70% of all customerinterruptionsin theGNPNortharea.

6,642 1,329
1.294

5.698 1.107

10,742 JAZ.~
IIZIIIIIIIIjZIIZ~~s 1.922

1.294

9.2 2,379.9 3,782 9

5.1.4 Underlying Causes of Interruptions

It shouldbenotedthatsections5.1.1to 5.1.3 discusseddeliverypoint information,
namely,customerdurationandoccurrencenumbers.This sectiondiscussestransmission
line events. Thedifferenceis highlightedby anexample. Consideraneventon Th241
involving two momentaryoutagesin shortsuccession(for examplehigh winds),but

Acres International Limited.
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94.404

6.688

6.688

• Table 5.7: Primary Cauae vs Equipment - Interruption Frequency (cust-oco)
Sustained and Momentary Interruptions in the GNP North Area

I 17,166 _______

8 979
594n1

— 18,652 535,241 98,855 6,642
Other Equipment 22,914 35,057
Total 18,652 558,155 122,012 6.642

PrctTL 2.6 73.8 12.0 0.9
Prot Other 28.4 43.4
Prot Total 2.3 69.2 15.1 0.8

5.384

0.2

”

2.911
12,984 5,276 59.787 90.0

8.786 10,273 3,783 ou.or.s 10.0
21,770 15,549 63,569 806,348 100.0

1.8 0.7 8.2 100.0
10.9 12.7 4.7 100.0

2.7 1.9 7.9 100.0

Historical Trendit
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affectedvariouscustomers.if customersatPlumPoint,BearCove,St. Anthony,Main
Brook andRoddicktonwereaffected(namely5394customerstwice), theprevious
sectionwouldhavelogged10,788customerinterruptions.As theimpactof anevent
dependson the BESconfiguration,thereis no generalrule for relatingnumbersfrom the
previoussectionto thosein thefollowing sections(5.1.4,5.1.5).

Or, in otherwords,theimpactof aneventdependson thesystemconfiguration. Soan
outageon aspecificpieceof equipmentmaynot haveacorrespondingcustomerimpact.
Theinformationin this sectionfocuseson equipmentperformanceratherthandelivery
pointperformance.

Overasix-yearperiodfrom January
1

5t 1997 andDecember
31

st, 2002,Figure5.9 shows
the numberof interruptionsthatoccurredon differenttransmissionline sectionsof the
GNPregionandpresentstheir underlyingcausesof interruptions.

40

28

20

5
.92S
5.
=

5

5
2

TL207 71.221 0.258

I! Lighsiisg U l4gh Weds OSat Contaninatian 0 DetediveEqalpeant EHucan Element EUclcieva,

Theresultsindicatethatmostof theseinterruptionsoccurredon the69 kV line sections
andthemajorityof themwerecausedby highwindsandsaltsprayinstigatinginsulation
failure. It is pertinentto notethattheoutageof TL227rarelyaffectssix delivery points
in theGNPNorth area. For reference,TL221 only affectsHawkesBay, becauseof its
radialnature.

Thesouthernsection(TL-239)of 138 kV line alsoexperiencedahigh numberof
interruptionsdueto the sameunderlyingcause.

AcrosstheentireGNPregion,the secondmajorunderlyingcauseof transmissionline
interruptionsis lightning. Thelargestindividual contributorsareas follows:

Acres International Limited

Figure 8.9 Underiytng Causan of Interruptions over 6years
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High windson TL227 but impactedmainlyHawkesBayout of six
delivery pointsmonitored

• High windson Th221but impactedHawkesBayonly
• Lightning on TL241
• High winds on TL239
• Defectiveequipmenton TL259 (Jumpercontactingcrossarm)

5.1.5 Historical Trend in Number and Causes of Interruptions

3-yes roltog average pertcnnance

One-yesperfonnance

Primary Caunosof Intemiptions

Underlying Cauem of Intenoptican

Figure5.10(nextpage)presentsthe historicalresultsforunderlyingcausesof
interruptionsfor asix-yearperiod. Thelargestnumberof interruptionsoccurredin1999,
andmostof thesewerecausedby high winds,andthesecondlargestnumberoccurredin
2000,whichwerepredominantlycausedby lightning. Thecausesof otherinterruptions
aresmallin number.Theresultsshowthat thelowestnumberof interruptionsoccurredin
2001.

UUght ring UHigh Winds 0 Sati Contamination 0 Defective Equipment U Human Element UUnknown

Acres International Limited

Figure 8.10 Hiatoncal Trend in Number and cauaea of Interruptions
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Thetransmissionline interruptionsdueto highwinds andsaltsprayhavereduced
significantlyduringthe lastthreeyears. In particular,thefollowing projectshavehelped
reducetheseoccurrencesthat arefurtherdiscussedin Section5.3:

I) Replacementof insulatorson TL239in 1999
2) Reroutingof entireTL262line in 2001
3) Partialreplacementof insulatorson TL226andTL227during

2001 and2002

5.2 Comparison of Hydro Statistics with Other Utilities

This sectioncomparesHydro’ s deliverypointperformancesin termsof five-year
averagesto theCEA five-yearaveragesandthreeNorthAmericanutilities. In addition,
transmissionnetworkperformanceof GNPNorth areain termsof frequencyof outages
hasbeencomparedwith theotherradialcircuits within Hydro systemoperatingin similar
circumstancesandwith nationalaveragesfor samevoltageclass,whichis compiledby
CEA. Supportinginformationfrom the CEA 5-yearsummaryreportis includedin
AppendixC.

5.2.1 Delivery Point Performance Served by Single Circuits

Forthe GNPandGNPNorth areas,primarilytwo performanceindicesSALDI andSAIFI
havebeenevaluatedandcomparedwith othercircuitswithin Hydro systemandother
utilities operatingsimilarcircuits in comparablecircumstances.Figure5.11 compares
deliverypoint SAuDIvaluesfor five-yeardata. Thegraphbelowshowthat GNPNorth
areacomparesfavorablywith Hydro statisticsandtheSAIDI valuesaresignificantly low
in comparisonto threeotherutilities.

Acres International Limited

Lji

Figure 8.11 - Sustained Customer Outages by Delivery Feint
SAIDI (hrs/yr)
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Similarly, Figure5.12showsacomparisonof deliverypointSAIFI valuesforthose
deliverypointsthatareservedby radialcircuits operatingin similar circumstances.The
resultsindicatethatthe GNPNorthareavaluesarethe highestamongthesample.This is
mainlydueto thefact thatthe deliverypointsin the GNPregionareservedby a
significantly longerradialcircuit amongall compared.

Figure 5.12- Sustained Cuatomer Outageg by Delivery Point
SAIFI (intlyr)

ISP

b.c

I
8.0

4.0

0.0

El
El

NLH Soath Went GNP GM’ Narth Bangor Aqaila Nova Senile (A) Nova Santia (8)

5.2.2 Transmission Lines Performance Comparisons Operating Under
Similar Circumstances

Figure5.13 showsthe averagedurationof interruptionin hoursfor eachoccurrence.
Hydro transmissionline statisticsareaveragedoverasix-yearperiod(June1997to May
2003)whereasstatisticsof othersourcesareaveragedoverthelongesttime period
available(typically 4 or 5 years).

OneeventwasexcludedfromtheHydro data:TL 220,March4th, 1998,involving a
structure,whoseoutagedurationwasjustover61 hours.This was anextremeevent.In
1999 TL220wasrelocatedto improveaccess.This delayin restorationis not expectedto
re-occurin the future. If thiseventwereexcluded,thenewaverageoutageduration
wouldbe0.03 hours,or 2 minutes.

Theresultsindicatethatalmostall theHydro transmissioncircuits (exceptTL259)
outperformedin termsof averageannualinterruptiondurationin comparisonto the
circuits belongingto otherutilities andin comparisonto theCEA averagefor similar
typesof circuits. Thecircuit TL259hadonemajoreventon Septl2~, 2002thatlasted

Acres International Limited
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foralmost7 hours,andwas attributedto defectiveequipment(brokencrossarm). if this
eventwereexcluded,theaverageoutagedurationwouldbe 17.5 minutes,or 0.29hours.

ThissuggeststhatHydro maintainsandrestorestheir radialtransmissioncircuitsin an
efficient mannerwhensubjectedto sustainedoutageson their circuits, excludingof
courseextremeevents.

Figure 5.13 - Duration of Outage on Tranamiaaion Linea
(hratocc)

ii.ig ~•~g 24.03
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Figure5.14showsfrequencyof sustainedoccurrencesper 100km for eachof theline
sectionsservingthe GNPandSouthWestRegionsin Hydro’s system.The statisticsfor
five similarcircuitsfrom four differentutilities andCEAstatisticsenumeratingthe
averagefrequencyof interruptionfor all reportingutilities arealsoshownon the graph.
As before,aneventon TL220hasbeenexcluded.

Thefigurebelowshowsthatthefrequencyof interruptionsfor five sectionsof the 138
kV transmissioncircuit is relativelyhighin comparisonto thelasttwo sectionsof 69 kV
circuit thatserveSt. AnthonyandRoddicktoncommunities.This is dueto thelower
levelof exposureto theextremeweatherandenvironmentalconditions. Within the
Hydro system,thefrequencyof interruptionresultsfor the GNPtransmissioncircuits are
muchbetterthanthefrequencystatisticsof the transmissionlinesservingSouthWest
region andTL-220circuit. Theperformanceis alsobetterthantheNovaScotiaPower
circuit thatoperatesin asimilarenvironment. In addition,the GNPtransmissionsystem
performanceis relativelybetterin comparisonto the circuitsbelongingto BangorHydro,

Acres International Limited
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Aquila andHydro OneNetworks. It mayberecognizedthatthesecircuits mayberadial
buttheir operatingenvironmentis relativelylesssevere.

Figure 5.14- Interuption Frequency of Tranamiaaion Linea
(Occurancea per 100 KM per year)
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5.3 Impact Assessment of Previous Investments and
Maintenance

Fromthepreviousanalysis,it is evidentthattheoutageduration(averageannualand
averageperoutage)is within normalacceptableutility practices,howeveroutage
frequencyishigherthannormalacceptableutility practice.

Hydro hasimplementedanumberof projectsto maintainandimprovetheperformance
(frequency)of GNPtransmissionsystem. Themostsignificantwas thereplacementof
insulatorson TL239 line in 1999andincreasingtheminimumleakagedistanceto 130
inchesinsteadof 90 inches,asthisline passesthroughhighcontaminationareas.In the
lasttwo years,theinsulatorswerealsoreplacedon linesTh226andTL227 in additionto
thereplacementof someof the structuresin differentsectionsof the route. Theresultsin
Figure5.10showasignificantreductionin numberof interruptions(frequency)dueto
high windsandlightning on the GNPtransmissionsystem.

Historically, adverseweatherhasbeenthemajorcauseof interruptionson theGNP
transmissionsystem. It is likely to bethemaincauseof theinterruptionproblemin
futuretoo.

Acres International Limited
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5.4 Sustainable Delivery Point Performance

Historical SAIDI statisticsfor HawkesBay,PlumPointandBearCovedeliverypoints
showthatyear-to-yearperformanceof thesedeliverypointsvaryquiteconsiderablydue
to yearly weathervariations. At the sametime, thereliability performanceof St.
Anthony,Main BrookandRoddicktondeliverypointshasbeenfairly consistentforthe
pastthreeyears.This is primarily dueto thestandbygenerationcontributionduringthe
sustainedoutagesin theBES system.

Overthe pastsix-yearperiod,especiallyin therecentyears,the SAIFI indicesfor all the
delivery pointsin the GNPnorthareaarequitesimilar. Table5.8 belowgivesan
overviewof the expectedreliability performanceof six deliverypointsin future years.

Table5.8 SustainableReliability Performance in the GNP north Area

Reliability
Performance
Measure

Hawkes
Bay

Plum
Point

Bear
Cove

St.
Anthony

Main
Brook

Roddickton

SAIDI
(hr/year)

~3 ~3 ~3.5 ~2.5 s~2.5

SAIFI-SI
(0cc/year)

s~3 ~5.5 s~6 ~6 ~6

SAIIFI—MI
(occ/year)

~l5 ~13 ~l4 ~l5 ~l5 ~l5

Thereliability performanceestimatesmentionedin the abovetablearebasedon the six-
yearperformancestatistics. It is expectedthattheHydro will maintaintheir transmission
andgenerationfacilities asperthe typicalindustry practices.Therefore,it cansafelybe
saidthattheaboveperformancelevelsfor eachdeliverypoint aresustainable.

5.5 Recommendations

Theoutagehistory indicatesthatthe underlyingcausesfor mostof the interruptionson
the GNPtransmissionsystemareattributedto highwinds andlightning. Principally,
theseoutagescorrespondto outsidephysicalforceson whichHydro hasno directcontrol.

However,themostsignificantcausefortransmissionsupplyrelatedoutages(sustained
interruptions)hasbeenattributedto stationequipmentfailures.Thisaccountsfor40% of
theinterruptiondurationandonly 15% of theinterruptionfrequency.

Thesecondleadingcauseis adverseweatherwith durationof interruptionsat30% and
frequencyof interruptionat70%.

Acres International Limited
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Accordingly,thefollowing is recommendedin orderto reducethenumberof outagesin
future:

Proactivelymaintaintheprotectionandcontrolequipmentatstations
servingtheGNPNorth areato reducethe sustainedinterruptiontimes.

Reviewthelightning statisticsandidentify locationson TL241 where
shieldwiresor lightningarrestersmight beinstalledto reduce
momentaryinterruptionson this longsectionof the 138kV circuit.

Identify themostexposedsectionsof circuitsTh227,Th221 andTL239
to highwinds, andimplementcorrectivemeasures:for example,
applyingphasespacersor structurerebuildsto reducetheprobability of
phaseslapping.

With respectto theserecommendations,Hydro hasbeenproactiveandsomecorrective
actionshadalreadybeentakenby thetimethis studywas commissioned.Hydro is using
its FALLS lightninganalysissoftwareto studylightning activity on theGNPandassistin
theidentificationof performanceimprovementinitiatives. Furthermore,in 1999 and
2000/01,TL 239andTL 227 werepartiallyre-insulatedandstructuresmodified in the
mostexposedareasto eliminatesaltcontaminationandline slappingproblems.

Acres International Limited
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6 Standby Generation Analysis
Thefollowing sectionsanalyzethecontributionof the existingstandbygenerationat
HawkesBay, St.Anthony,andRoddickton,anddiscusstheimpactof thisgenerationon
reliability performancein theGNPNorth area.

6.1 Impact of Existing Standby Generation on Reliability
Performance

Table6.1 (HawkesBay), Table6.2 (St. Anthony) andTable6.3 (Roddickton)presentthe
resultsof actualoperationof theexistingstandbygenerationat.thedeliverypointsduring
the lastsix yearsfor unplannedoutagesin theBES system.

TheresultsindicatethatthestandbygenerationatHawkesBaywas operatedin 1999 and
2002 andsuppliedpowerto thelocal customersfor atotaldurationof 2 hoursand
20 minutes. Overasix-yearperiod,thestandbygenerationatHawkesBayoperatedfor
merely12% of thetime in relationto thetotalunplannedoutagetime,whichis quite low.

93 93
87 87
71 71
64 60 4
36 36
35 25 10
32 32
13 13
10 10
4 4
1 1

1,137 997 140

Hydro submittedanexplanationto this effectthatit is only afterabout15 to 20 minutes
outage,doesthecontrol centeraskforHawkesBaydieselsto be put in service. Of the 15
eventsin Table6.1,therewere4 lessthan15 minuteswhenthedieselswouldnot have
beenaskedfor. Of the remaining11 eventswherethe dieselswouldhavebeenaskedfor,

Acres International Limited
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Table 6.1 Hawkes Bay Standby Generation Contribution (Unplanned Outages)

_________ _________ UU3~

__________ _________ 1048
____________ ___________ _____________ 0747
___________ ___________ ___________ 1256
____________ ____________ ____________ 0125
_____________ ____________ _____________ 0050
___________ ___________ ____________ 1314
___________ ___________ ____________ __ 1400
____________ ____________ _____________ 0956
___________ ___________ ____________ __ 1813
___________ ___________ ___________ 1402
__________ __________ ___________ 1447
____________ ____________ _____________ 0058
___________ ___________ ____________ 0610

____________ _____________ 0056
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4 out of 11 timestheywereusedand7 out of 11 timestheywereunavailable.The
unavailabilitywasdueto operationalproblemssuchas; distributionproblemson the
HawkesBaysystemandcontrolproblemswith the dieselunits. This causedincreased
outagedurationsin somesituations.Hydro staffconfirmedthattheyarecurrently•
workingto resolvetheseoperationalandcontrolproblemsto improvetheavailabilityof
theunits.

In contrast,during thesameperiod,the standbygenerationat St.Anthonydelivery point
reducedthetotal outagedurationof St. Anthonydeliverypointby morethanhalf.
Exceptfortwo instances,theresultsshowthatthestandbygenerationwas generally
turnedon only for a sustainedoutageof morethan20 minutes.

1,295 674

However,the generationatRoddicktontooka longertimeto start,andits contributionto
reducethe totaloutagetimeis only about22%. Again, thislow percentuseof
Roddicktondieselunits maybefurtherexplainedby puttingthingsin thecontextof the
numberof events. Referringto Table6.3,7 out of 21 eventswere20 minutesor lessso
the dieselswouldnot havebeenaskedforto deliverpower. For 8 out of 21 eventsthe
Roddicktondieselswereeitherunavailableor the loadcouldhavebeensuppliedfrom St.
Anthony sothedieselswerenot askedfor. Andfor theremaining6 out of 21 events,the
Roddicktondieselswereaskedfor andtheydelivered.

Acres International Limited
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Table 6.2 St. Anthony Standby Generation Contribution (Unplanned Outages)I

I
I
I
I
I
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80 91
72 9 63
70 70
58 58
57 57
50 54
47 47
34 34
20 20
18 21
17 17
15 15
12 12
11 11
11 11

1,328 1,073

The averageannualdurationof interruptionforeachdeliverypointin theGNPNorth
areais shownin Figure6.1. Thegraphshowsthe contributionof standbygenerationas a
red bar,whichreducedtheaverageoutagetimefor eachdeliverypoint to the levels
shownas bluebars. Thefigure cleariydemonstratesthesignificantcontributionof St.
Anthony standbygenerationin reducingthevalueof SAJDIfor St. Anthony. At the
sametime,Roddicktonstandbygenerationdid not reducethe.SAIDI valueatRoddickton
as much.

As indicatedabove,this low contributionisprimarily dueto thedelayedsynchronization
ofRoddicktongenerationto theBBSin casesof sustainedoutages.Moving this
generationto St. Anthonymayobviatethis limitation sincethe historicalresultsshow
thatTL261 andTL257 areveryreliableandhadnegligiblenumberanddurationof
interruptionsoverthepastsix-yearperiod. This actionis likely to increasethe reliability
performanceof Roddicktondelivery point.

Basedon thehistoricalperformanceofthe linesTL261 andTL257, Acresis of theview
that consolidatingstandbygenerationat St.Anthony wouldreducethe averageduration
of outagetimeatMain BrookandRoddicktondeliverypoints. The existingarrangement
actuallycontributestothedegradationof reliability performanceatthesedeliverypoints.

Acres International Limited
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Table 6.3 Roddickton Standby Generation Contribution (Unplanned Outages)
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A reviewof eachof the occurrencesin Tables6.1,6.2 and6.3 was alsocarriedout. Each
eventwheregenerationwas on-line,andas such,theloadwasdisconnectedfrom the
BBS, was analyzedforcorrelationwith occurrencesof transmissionsysteminterruptions
(momentaryor sustained).In situationswhereacorrelationwasfound, it is evidentthat
the generationwas not beingusedin apreventativemanner,butratheras areactionto
powerno longerbeingavailablefrom theBBS. Hydro’s standardmodeof operationis to
useSt. Anthonygenerationmainly to reducedurationwhentherearefrequency
interruptionsdueto lightning, forexample,frompointsfarthersouthonthe system.As a
result,thegenerationdid not havean impacton thefrequencyof interruption.

6.2 Delivery Point Performance without Standby
Generation

Figure6.2 showsthe impacton delivery pointreliability performanceif thestandby
generationwereremovedfrom HawkesBay,St. Anthony andRoddicktondieselplants.
Theresultsarebasedon thehistoricalreliability performanceandpredictivereliability
assessmentof threenortherndeliverypoints,as discussedin Chapter5.

St. Anthonydeliverypointexperiencesthehighestreliability impact,as theaverage
annualdurationof interruptionsincreasedby morethan100%. Similarly, reliability
performanceof Main Brook andRoddicktondeliverypointswoulddeteriorate
significantlywith thecompleteremovalof generationfrom Roddickton,as beingthe
primarysourceof standbygeneration.However,as perthepastexperience,theimpact
on HawkesBayreliability performanceis notthatsignificant. Butthe impactwouldhave

Acres International Limited

Figure 8.1 .Standby Generation Contribution in Delivery Point Performance
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beenmoreif thegenerationhaddispatchedaftertheusualtimedelayduringsustained
outages.Thereis aninsignificantimpactof standbygenerationon PlumPointandBear
Covedeliverypoints.

At thesametime, it is worthwhileto mentionthatthesereliability indices,in respectof
all thesix deliverypoints,arewell within theminimumperformancestandardsfollowed
in otherpartsof thecountry.

6.3 Assessment of Standby Generation Requirement

Historically,theexistingstandbygenerationwas ableto supply100%of thedemandin
GNPNorthareafor morethan95% of thetime. ThegenerationatHawkesBay, St.
AnthonyandRoddicktonis not sufficientforfull backup,but ratherprovidesshort-term
relief (standby)for somecritical loadsduringemergencyconditions.

Critical loadsareusuallyemergencyservicesthatwouldberequiredduringaprolonged
outage. Thisgenerallydoesnotincludeindustry,whereasin somecases,it includes
residentialcustomerson arotatingbasis. It doesincludeHospitals,LongTermCare
Facilities,Water/SewageSystems,andotheremergencyresponsefacilities. In almostall
jurisdictionsthe critical loadis usuallylessthan25% of thepeakload.

Acres International Limited
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Accordingly, theGNPNorth arealoadforecastprovidedby Hydro was examinedand
comparedto theavailablestandby.generationatHawkesBay,St. Anthonyand
Roddickton. It was recognizedthatthetypicalessentialloadat thesethreelocationsis
lowerthantheexistingcapacityof standbygenerationin theGNPNortharea. Hence,in
view of thereasonablemarginbetweenessentialloadsandstandbygeneration,andthe
historicalresultsof reliability statistics,it is concludedthatno additionalgenerationis
neededin thenearfuture.

6.4 Portable Versus Fixed Standby Generation

Historicalreliability performanceresultsof thesix delivery pointsin the North GNParea
showthattheir performancecomparesfavorablywith the deliverypointsin other
jurisdictions,evenafterexcludingthe impactof standbygeneration.Hence,justification
for anynewfixed generationcannotbe established.If anyadditionalgenerationwereto
beconsidered,portablegenerationwouldprovidethegreatestbenefits. Portable
generationcanbeusedto servetheessentialloadof thosecommunitieswith ~nextended
sustainedoutagedueto extremeweatherconditions.

Currently,Roddicktonplantconstitutestwo portabledieselgeneratorswith about
1700kW capacity. In caseof emergencyandlongsustainedoutagesin theGNParea,
theseportablegeneratorscanbeused,as needed,to restoretheessentialsupplyof the
affectedcommunitiesin theregion.

6.5 Options Associated with Standby Generation

Thereareseveraloptionsavailableto addressthepresentsituation. Acresis of the
opinionthatanimprovedresponsetime of the generationpresentlyatRoddicktonwill
improvethecustomerperceivedqualityof service.Three(3) scenarioshavebeen
identifiedwith orderof magnitudeinstallationcosts.This sectionis concludedwith a
summaryandrecommendation.

All of theseoptionshavebeendevelopedon aconceptualbasis,andno site visits or
detaildesignactivitieshavebeencarriedoutin supportof theseassessments.All
indicatedcostsareorderof magnitudeestimatesbasedon otherinstallations.

6.5.1 Option 1 — Local Operator at Roddickton

This isthepresentmethod(statusquo)of operation. Theoperatorhasbeentrainedto
startup thegeneratorswhenaskedfor by thecontrol center.Thispersonlives in
Roddicktonandit is mandatoryfor him to respondto thecontrol centercall within 30
minutesto startthegeneratorsfor powerdelivery.

Acres International Limited
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For thecurrentsituationatRoddickton,Hydro’s operationandmaintenance(OIM) costs
areshownin thefollowing table.

Equipment 2000 2001 2002 Total
Unit229 $5,809 $4,913 $11,101 $21,823
Unit 2003 $ 2,010 $ 7,633 $ 52,604 $ 62,247

Totals $ 7,819 $ 12,546 $ 63,705 $ 84,070

Theabovetableshowsanaverageplantmaintenancecostof $28,000/year.Forplant
operation,thecostfor theoperatorfrom Sept2000to Sept2002was $64,324or
$32,000/year.Hydro indicatedthatthis retainerarrangementwouldcontinue,unlessthere
is somechangein therequirementfor dieselgenerationatthis deliverypoint. Sofor
continuedmanualoperationat Roddicktonin theexistingmanner,thetotaloperationand
maintenancecostsareapproximately$28,000+ $32,000or $60,000/year.

6.5.2 Option 2— Relocating Generation to St. Anthony

This optioninvolvesmovingthe 2 x 850kW unitsfrom Roddicktonto St.Anthony. One
of theunits is transportable.Thatis, it is in acontainerwith nowheels. The otherunit is
atrailerunit with wheelsthatcanbetowedto theothersite. Thistransportableanda
trailerunit similarto theoneatRoddicktonwereonceinstalledat StAnthony prior to
1999.

Therelocationwork involvesminor sitepreparationatSt Anthony, drainingandsecuring
theunits atRoddickton;transportusingcranesandfloats;off loading,andconnectingat
St Anthony. Tie-inpointson theSt Anthonybusarestill in placesotheseunitscanbe
reconnectedeasily. Thetransportableunit hasafull PLC basedcontrollerthatcanbe
connectedto theSt Anthonyautomaticloadmanagementsystemsandbefully remote
controlledfrom ECC in St John’sthe sameasthe St Anthonyplant. Thetrailerunit has
only an electronicgovernorandmanualsynchronizer.But thereis apermanentfulltime
operatoratSt Anthonythis unit canbeoperatedmanuallyunderdirectionfrom Hydro’s
EnergyControlCentre. Thereshouldbeno needfor theaddedexpenseof remote
control.

Theestimatedcostsfor relocatingthetwo units to St. Anthonyare:

TransportandInstallationat St Anthony $ 46,000
Electrical& ControlEquipmentPurchase& Installation $ 18,500
Commissioning $ 8,500
Engineering& ProjectManagement $ 8,400

Total $ 81,400
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If theunits wererelocatedto St. Anthony thefuel costswill likely remainunchanged.
TheRoddicktonoperatorcostsof $32,000/yearwouldbeeliminatedandthemaintenance
costsof $28,000/yearwouldbereduced.SincetheHydro maintenancestaffis
headquarteredatSt.Anthony, themaintenanceof theRoddicktonunitsincludedcostsfor
travel andexpenseswouldbeeliminated,which areabout25% of thecosts. Soby
relocatingthe two dieselsto St. Anthony,themaintenancecostswouldbereducedto
about$21,000/year.Hence,by relocatingthetwo dieselsto St Anthony, the average
yearly savingsin operationandmaintenancecostsis estimatedat$39,000/year.

Relocatingtheunitsto St Anthony wouldcostapproximately$82,000andyield an
averageyearlysavingof $39,000.

6.5.3 Option 3— Remote Control Operation of Roddickton

As statedabove,the transportableunit hasaPLC controllerandcanberemotecontrolled
from thepowerline carriersystemto the Roddicktonterminalstation. Thetrailerunit
hasto befitted with aPLC andrewiredin orderfor it to beremotecontrolled. As well,
theRTU atRoddictonis anoldertypeRTU thathasonly six(6)sparecontrolpoints. It
would require12 pointsfor eachunit for remotecontrol. TheRTU would thereforehave
to be replaced,aspartof thework.

Theestimatedcostsforremotecontrolof bothunits atRoddicktonare:

Supply,Install & CommissionReplacementRTU $ 71,000
Electrical & ControlEquipmentPurchase $ 37,000
Installation& Commissioning $ 8,000
Engineering& ProjectManagement $ 13,700
Total $129,700

Remotecontrolof theunits atRoddicktonwouldcostapproximately$130,000andthe
averageyearlymaintenancecostwouldbeapproximately$28,000.Thecontractoperator
would not berequired.

6.5.4 Feasible and Recommended Option

At presentthereis atrainedpersontooperatethegenerationatRoddicktonon an
intermittentbasisbut shouldsomethingtechnicallygo wrong,mayrequireautility crew
to visit thesite. This woulddelaythe startupandreducethesupplyperformancefor the
customers.Thesynchronizationtimesto BESnetwork atpresentarealsoon average50
minuteslonger thanat St.Anthony.
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Themostcostly optionappearsto beaddingremotecontrolatRoddicktonfor thestandby
generation.This isprimarily dueto sometechnicalchallengesin automatingthesecond
unit an-dprovidingthe~necessarycontrolanddatachannelsrequired.

Finally, movingofthe 2 x 850kW unitsfrom Roddicktonto St. Anthonyprovides
benefitsin reducedoperatingandmaintenancecosts.Thereis somerisk if theTL257
wouldstartshowingaverageorbelowaveragereliability, butfulltime crewsareavailable
atSt. Anthony,which shouldmitigatethe morelikely generatorfailure thana
transmissionline outage.

It is thereforerecommendedthatthegenerationbemovedfrom Roddicktonto St.
Anthony, as it isthe lowestcostsolution, it providesbetterserviceto thecustomersat
Roddickton,andit will haveanticipatedlower maintenancecostsbecauseof theclose
proximity of themaintenancecrews.
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7 Conclusions and Recommendations
A top downapproachwasusedto analyzethedelivery pointandtransmissionline
performancestatistics.Theconclusionsaregroupedin Section7.1 usingthe same
approach:

• OverallReliability Performance— a highlevel reviewof the SAIDI, SAIFI
statisticswithin Hydro andin comparisonto otherutilities.

• PrimaryCausesof Interruptions—A closerlook athoweachdeliverypoint
was affectedby thevariousoutages.UsingCEAclassifications,eventsare
classifiedby their primarycause.

• UnderlyingCausesof Interruptions—Thisreviewstherootcauseof anevent,
to thepoint that somegeneralstatementscanbemadeaboutwhattypeof
solutionmaybeeffectivetoreducefurtheroccurrencesof thistypeof event.

• Reliability PerformanceComparisonwith Other Utilities
• SustainableDeliveryPointPerformance
• StandbyGenerationPerformance— A reviewof thegenerationperformance

andusageoverthelast 6 years,includingarecommendationonhow to
improvecustomerdelivery pointperformance.

Finally, therecommendationsof therePortaresummarizedin section7.2.

7.1 Conclusions

Overall Reliability Performance
Thereviewandanalysisof six-yearreliability performanceof six deliverypointsin the
GNP northarearevealedthefollowing:

TheSAIDI indicesshowthattheaveragedurationofinterruptionsforeachdeliverypoint
is in thetypical acceptablerange,as found in theelectricsupply industry.

TheSAIFI-SI index (frequencyof sustainedinterruptions)for all the deliverypointshas
becomemoreacceptablein therecentyears. However,theSAIFI-MI indexes(frequency
of momentaryinterruptions)as well as thecompositeSAIFI (SI+MI) indexesfor
momentaryandsustainedinterruptionsarehigherthantherangeof values’generally
acceptablein theutility industry.

Primary Causes of Interruptions
Theprimarycauseanalysisrevealedthat thebiggestcontributorsto total customer
interruptiontime in theGNP northareawere:
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• DefectiveequipmentatPlumPointSubstation(distributionrecloser
malfunctionscausedtransmissionequipmentprotectionto operate)
Advers7eweatheron TL239
Defectiveequipmenton TL 221 (faulty insulator)

• Adverseenvironmenton Th226
• DefectiveequipmentatBearCoveStation(Corrosionon gaspressure

relayconnector)
• Defectiveequipmenton TL 259 (brokencrossarmduringstorm

conditions)
• Adverseweatheron TL241
• Adverseweatheron TL221

HumanElementatPlumPointSubstation

Themostprevalentprimarycausefor totalcustomerinterruptiontimewas defective
equipmentat39.6%(majorcausesbeingPlumPoint andBearCovestations,andTh221
& TL259lines). Thesecondmostprevalentcausesareadverseweatherandsystem
conditionswith 30.4%(majorcausesbeingTL239, TL241 andTL221 lines) and11.9 %
respectively.Overallin the GNPNorth area,53.1%of customeroutagetimewas
attributableto the transmissionlinesandotherequipmentrelatedoutagetimewas 46.9%.

St. Anthony wastheleastimpacteddelivery point in termsof totaloutagetime but it
experiencedthehighestnumberof customerinterruptionminutes,amountingto 25%.
Main Brook wastheleastimpactedin termsof customerminutes.

Theprimarycauseanalysison interruptionfrequencyshowedthatthemajorcausesfor
customerinterruptionswere:

• Adverseweatheron TL241
• Adverseweatheron Th239
• Adverseweatheron TL259
• Defectiveequipmenton TL259 (Jumpercontactingcrossarm)
- Adverseweatheron TL22 1
• Adverseweatheron TL244
• Adverseweatheron Th227

Thethree138 kV line sectionsTL241,Th239andTL259 contributedto morethan66%
of thetotal customeroutageoccurrences.Overallin the GNPNortharea,about93%
occurrencesaretransmissionrelatedandonly 7%are attributableto otherequipmentand
unknowncauses.

St. Anthonycustomersexperiencedthehighestnumberof customerinterruption
occurrencesat34.1%

Underlying Causes of Interruptions
Thedominantunderlyingcausesof interruptionswereas follows:
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• Lightning on TL241 impactingall thedelivery points
• High windsonTL239 impactingall thedeliverypoints

Defectiveequipmenton TL259impactingall thedeliverypoints(Jumper
contactingcrossarm)

• High windson TL227butimpactedmainlyHawkesBayout of six
deliverypointsmonitored.

• High windson TL221 but impactedHawkesBay only

Historically, adverseweatherhasbeenthe majorcauseof interruptionson the GNP
transmissionsystemandis likely to remainthemain causeof interruptionsin future. The
analysisof six-yeardataalsorevealedthatmostof the weatherrelatedinterruptions
occurredduring1998 and1999but theyearly interruptioncounthasdecreasedin the last
threeyears.This is partly attributableto the replacementof insulatorson TL239,TL 226
andTL 227circuitsduring1999 and2000.

Reliability Performance Comparison with Other Utilities
TheSAIDI valuesfor theGNPNorthareacomparesfavorablywith overallHydro
statisticsforotherradial linesandthesevalues arealsoquitelow in comparisonto the
statisticsof the otherutilities usedin the studyandtheCEA averages.

Thefrequencyof interruptions(SAIFI indexvalues)in theGNPNorth areais thehighest
amongthesamplecompared,as thedelivery pointsin the GNPregionareservedby a
significantly longerradialcircuit amongall compared.

ExceptTL259, all theotherGNPareatransmissioncircuits outperformedin termsof
averageannualinterruptiondurationin comparisonto thecircuits belongingto other
utilities andin comparisonto the CEA averagefor similar typesof circuits. The
relativelypoorstatisticsof TL259 aredrivenby an eventof about7 hoursoutagedueto a
brokencrossarmduringstormconditions.

Sustainable Delivety Point Performance
Thesustainabledelivery pointperformancein theGNPareais expectedto beas follows:

SAIDI ~ 3.5 hr/year
- SAIFI—SI ~6occ/year
• SAIFI—MI ~ 150cc/year

Standby Generation Performance
ThestandbygenerationatHawkesBay contributedmerely12%of thetimein relationto
thetotalunplannedoutagetime. This low contributionis chiefly attributableto
unavailabilityof the unitsdueto controlproblemswithin the plantor attheHawkesBay
station. At thesametime, the standbygenerationat St.Anthony reducedthetotaloutage
durationof this delivery pointby morethanhalf. The standbygenerationatRoddickton
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tookalongertimeto start,andits contributionto reducethe totaloutagetime wasonly
about22%. This reducedcontributionof Roddicktonstandbygenerationis attributableto
eithertheunavailabilityof theunits,delayedlocal responsetimeor therequired
generationbeingsuppliedfrom St.Anthony.

If thestandbygenerationwereremoved,St.Anthonydeliverypointwouldexperiencethe
highestreliability impact,as theaveragedurationof interruptionwould increaseby more
than 100%. Similarly, reliability performanceof Main Brook andRoddicktondelivery
pointswoulddeterioratesignificantly with theremovalof standbygenerationfrom
Roddickton. However,asperthepastexperiencewith standbygenerationatHawkes
Bay,the impacton delivery pointreliability performanceis notthat significant. At the
sametime, it is worthwhileto mentionthatthesereliability indicesarewell within the
minimumperformancestandardsfollowed in otherpartsof thecountry.

Basedon thecurrentloadforecastandassumingthat25% of the loadateachdelivery
point is essentialload, it maybeconcludedthatexistingstandbycapacityshouldbe
sufficientandno additionalgenerationwill berequiredin thenearfuture. If any
additionalgenerationwereto be considered,portablegenerationwouldprovidethe
greatestbenefits.

In regardto theoptionsconsideredfor standbygenerationatRoddickton,the leastcost
andpreferredsolutionis to movethetwo dieselunitsfrom Roddicktonto St. Anthony.

7•2 Recommendations

In reviewingthedeliverypointandtransmissionline performance,themajority ofthe
eventshavebeenattributedto eitheradverseweatherordefectiveequipment.

Accordingly,thefollowing is recommendedin orderto reducethenumberof outagesin
future:

• Proactivelymaintaintheprotectionandcontrolequipmentatstations
servingtheGNPNorth areato reducesustainedinterruptiontimes.

• Reviewthe lightningstatisticsandidentify locationson TL241 where
shieldwiresor lightningarrestersmightbeinstalledto reduce
momentaryinterruptionson thislong sectionof the 138kV circuit.

• Identify the mostexposedsectionsof circuitsTh227,TL221 andTL239
to high winds, andimplementcorrectivemeasures:for example,
applyingphasespacersor structurerebuildsto reducetheprobability of
phaseslapping.

With respectto theserecommendations,Hydro hasbeenproactiveandsomecorrective
actionshadalreadybeentakenby thetime this studywas commissioned.Hydro is using
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its FALLS lightninganalysissoftwareto studylightningactivity on theGNPandassistin
theidentificationof performanceimprovementinitiatives. Furthermore,in 1999and
2000/01,TL 239andTL 227 werepartiallyre-insulatedandstructuresmodifiedin the
mostexposedareasto eliminatesalt contaminationandline slappingproblems.These
effortsshouldcontinue,sothattheimpactto customeroutagestatisticsis furtherreduced.

Furthermore,in reviewingcustomerdeliverypointperformancein relationto standby
generationcontribution,in particularthedurationof interruptionsin GNPnorth area,it is
recommendedthat:

• Thegenerationbemovedfrom Roddicktonto St.Anthony, asit is the
lowestcostsolution,it providesbetterserviceto the customersat
Roddickton,andit will haveanticipatedlower maintenancecosts
becauseof thecloseproximity of themaintenancecrews.
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Definitions

Reliability Statistics

MomentaryInterruption(MI) - Any loss of supplyvoltageto aDPthathasadurationof
lessthanoneminute. Theseare interruptionsgenerallyrestoredby automaticreclosure
facilities,which areof veryshortduration(of theorderof afew seconds).For
computationpurposesMomentaryInterruptionsareassignedzeroduration.

SustainedInterruption(SI) - Any loss of supplyvoltageto aDPthat hasadurationof one
minuteor more. In additionto theSustainedInterruptionFrequency,theInterruption
Durationofboth theBESSupplyVoltageandthe CustomerLoadare reported
Generally,theloss of supplyvoltageto aDP will result in all CustomerLoadto be
interruptedsincemostCanadianutilities havedistributionsystemsthataresuppliedfrom
aradial DP. However,theremaybesomesituationswhereCustomerLoadis not
interruptedor is restoredsoonerthantheBES SupplyVoltage,suchas wherea
distributionsystemis operatedas ameshednetwork or wherethereis analternativeBES
SupplyVoltagepath.

SystemAverageInterruptionFrequencyIndex— SustainedInterruptions(SAIFI-SI) A
measureof theaveragenumberof sustainedinterruptionsthatacustomerexperiences
duringagivenperiod,usuallyoneyear.

SAIFI — SystemAverageInterruptionFrequencyIndex (SustainedInterruptions)

= Total Numberof CustomerInterruptions
TotalNumberof CustomersServed

SystemAvera2eInterruptionDuration Index(SAIDI) - A measureof the averagetotal
interruptiondurationthatacustomerexperiencesduringagiven period,usuallyoneyear.

SALDI — SystemAverageInterruptionDurationIndex(SustainedInterruptions)

= Sumof CustomerInterruptionDurations
Total Numberof CustomersServed

CustomerAverageInterruptionDuration Index(CAIDI) - A measureof theaveragetotal
interruptiondurationthatacustomerexperiencesduringagiven period,usuallyoneyear.

CAIDI — CustomerAverageInterruptionDurationIndex

= Sumof CustomerInterruptionDurations
Total Numberof CustomerInterruptions
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Bulk ElectricitySystem(BES) - TheBulk Electricity Systemis composedof thePower
Resources,the TransmissionSystemthatincludesbusses,switchingequipmentand
circuits of50 kV andabove,all transformersconnectedto thosebussesor circuitsandthe
low sidebussesassociatedwith thesetransformers.It doesnot includetheDistribution
System.

Single-CircuitSuppliedDeliveryPoint(SC) - A DP suppliedfrom theBESby onecircuit
wherebythe interruptionof thatcircuit will causeaninterruptionto theDelivery Point.

DistributionSystem- TheDistributionSystemis composedof the sub-transmission
circuits andequipment,the distributionstations,andthedistributioncircuits, which
deliverpowerfrom theBES to theultimatecustomers.

Transmission EguiDment Reliability

OutageFrequency(per 100kilometer-yearsfor transmissionlines)— is thenumberof
forcedoutagesdividedby thenumberof kilometer-yearsandwhichis in turndividedby
100.

AverageOutageDurationorMeanDuration (hours) — is thetotal forcedoutagetime
dividedby the numberof forced outages.

Causes of Transmission EguiDment Forced Outages

DefectiveEquipment- includesdeteriorationdueto age; incorrectmanufacturingdesign,
materialsandassembly;andlackof maintenance.

AdverseWeather- consistsof lightning, rain,freezingrain,ice, snow,wind, highambient
temperature,low ambienttemperature,freezingfog or frost andtornadoes.

AdverseEnvironment- includessalt spray,industrialpollution,humidity, corrosion,
vibration,fire andflooding.

SystemConditions- arehigh voltage,low voltageswitchingtransient,overcurrent,high
frequency,andlow frequency.

HumanElement- canbeincorrectsystemrecordsor diagrams;incorrectuseof
equipment;incorrectconstruction,installationor maintenance;incorrectprotection
setting;switchingerror;testing;incorrectcircuit labeling; anddeliberateor accidental
damageby employeesor utility contractors.

Foreign Interference- is anycontact,deliberateor accidentaldamageor interferenceby
persons(other thanemployeesorutility contractors),vehicles,animals,treesor solar
magneticinduction.
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CustomerDelivery Point PerformanceStandards

HydroOneNetworksInc.

In accordancewith Section2.5 oftheTransmissionSystemCode,Hydro OneNetworksInc.
(Networks)is requiredto developperformancestandardsatthecustomerdeliverypoint level,
consistentwith systemwide standards,thatreflect:

typical transmission-systemconfigurationsthattakeinto accountthehistoricaldevelopment
ofthetransmissionsystematthecustomerdeliverypointlevel;

• historicalperformanceatthecustomerdeliverypointlevel;

• acceptablebandsofperformanceatthecustomerdeliverypoint level for thetransmission

systemconfigurations;geographicarea,load,andcapacitylevels;and

• definedtriggersthat would initiate technicalandfinancialevaluationsby thetransmitterand
its customersregardingperformancestandardsatthecustomerdeliverypoint level,
exemptionsfrom suchstandards,andstudytriggersandresults.

TheCustomerDeliveryPoint PerformanceStandardsandTriggersthatareproposedfor
Networks’ transmissionsystemareshownin Table 1 below. Customer/Stakeholderfeedback
was solicitedandtheirinputincorporated,asappropriate,prior to finalizingthesedeliverypoint
performancestandardsfor submissionto theORB.

PerformanceMeasure

DeliveryPointPerformanceStandards

(Basedon aDeliveryPoint’sTotalAverageStationLoad)

15-40MW ~ 40-80MW IF~]
Standard Standard Standard

(Average (Average (Average

Performance) Performance

)

1 1.1 0.3

j 22 5

Table1: Networks’ Delivery Point PerformanceStandards

DP Frequencyof
4.1

Interruptions (Outages/yr) _________

DP Interruption Duration
89

(min/yr) __________

>80MW
Standard

(Average

Performance

)
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Thesedeliverypointperformancestandardsarebasedon rigorousstatisticalanalysisofthe
historical(1991-2000)performanceasmeasuredby thefrequencyanddurationofoutagesthat
coversthe impactofall momentaryandsustainedinterruptionscausedby forcedoutages,
excludingforcemajeureeventsthataredeemedappropriateto be excluded(e.g. 1998Ice Storm,
tornadoes,earthquakes,otheractsof Godandany othersignificanteventhaving“excessive~~
impacton performancethatis beyondthereasonablecontrolof, andnotaresultofthefaultor
negligenceofNetworks).

Theminimumstandardsofperformanceareto be usedastriggersbyNetworksto initiate
technicalandfinancialevaluationswith affectedcustomers. Thesebandsareto:

• accommodatenormalyear-to-yeardeliverypointperformancevariations,
• limit thenumberof deliverypointsthatareto be considered“outliers” to a

manageable/affordablelevel,
• delivera level ofreliability thatis commensuratewith customervalue,
• anddirect/focuseffortsfor reliability improvementsatthe“worst” performingdelivery

points.

Theproposedminimumperformancestandardscorrespondto aperformancebandwidthdesigned
to captureabout90%of all deliverypointperformanceandleaveabout10%ofthedelivery
pointsto beclassifiedasperformance“outliers.”

Theseperformancestandardswill applyto all existing transmissionloadcustomers(including
Customersthathavesignedaconnectioncostrecoveryagreementprior to marketopening). For
neworexpandingcustomerloads,thedeliverypointperformancerequirementswill be specified
andpaidfor by thecustomerbasedontheirconnectionneedsandnegotiatedaspartofthe
connectioncostrecoveryagreement.

Whenthethreeyearrolling averageof deliverypointperformancefalls belowtheminimum
standardofperformanceorwhendeliverypointcustomer(s)indicatethat analysisis required,
Networkswill initiate technicalandfinancialevaluationsto assessremediesfor improving
reliability.

To encourageproceedingwith only thosereliability performanceimprovementsthatare
technicallyandeconomicallypracticalandto limit thesubsidisationofreliability improvement
costsby otherpool customers,Networks’ levelof incrementalinvestmentfor improvingthe
performanceof an“outlier” will belimited to thepresentvalueofthreeyearsworthof
transformationand/orconnectionrevenue’associatedwith thatdeliverypoint. Any funding
shortfallsfor improvingdeliverypointreliabilityperformancewill be madeupby affected
deliverypoint customersin theform ofafinancial/capitalcontribution.Costresponsibilityfor
theseinvestmentsis to be consistentwith thenewMarketRulesandtheTransmissionSystem
Code.Affecteddeliverypoint customer(s)will be responsiblefor all thecostsassociatedwith
anynew/modifiedfacilities requiredon facilities (linesandstations)theyown. Thefinancial

In thespecialcasewherea deliverypointpaysonly networktarifs, line connectiontarifs areto beusedasproxy
in the revenue calculation.
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contributionrequirementsandcostsharingarrangementaretobedetailedin a connectioncost
recoveryagreementto be signedwith theaffectedcustomer(s),beforeanyworkto improve
deliverypoint outlierperformancebegins.

Networkswill negotiatetiming, solution,costsharingarrangement,andanyotherrelatedmatters
with eachcustomerwantingto proceedwith thedelivery pointreliabilityperformance
improvements.Thetiming/schedulewill considercustomerimpacts,natureoftheremedial
measures,equipmentdeliveries,Networksresourcecapabilities,otherinvestmentpriorities,and
outage/resourceavailability.

In additionto addressingthesedeliverypointperformancestandards,Networksis committedto
maintainingtransmissionsystem-widereliability levelsandto meetingany system-wideservice
quality indicatorsapprovedby theOEB.
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For the Period January 1, 1996
to December 31, 2000

FORCED OUTAGE
PERFORMANCE (ii

TRANSMISSION
EQUIPMENT

MAY 2002

Prepared by:
Canadian Electricity Association



TA-P.PI 0 TRANSMISSION LINE ANALYSIS BY
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Frequency of line-related sustained forced outages of 110-149 kV transrrission lines by supporting structure.

For Data Submitted By: All Canada
For the Period: 96-01 To 00-12
Voltage Classification: 110- 149 kV

SUPPORTING STRUCTURE KILOMETRE SUBCOMPONENT NUMBER FREOUENCY TOTAL MEAN MEDIAN UNAVAIL.
YEARS OF (PER TIME DURATION DURATION ABILITY
(l~n.a) OUTAGES 100 km.a) (h) (h) (h) (%)

Wood, Single Pole 59 0.1048 3,218 54.5 10.37 0.065
0

56.296 Structure
Joints And Dead-ends
Conductor
Insulation System
Ground Wire
Hardware
Other

All Integral Subcomponents

48 0.0853 737 15.4 4.97 0.015
290 0.5151 3,231 11.1 0.18 0.065

11 0.0195 37 3.4 2.28 0.001
9 0.016 80 8.9 4.67 0.002

16 0.0284 210 13.1 0.82 0.004

433 0.7691 7,514 17.4 0.93 0.153

94,318 Structure
Joints And Dead-ends
Conductor
Insulation System
Ground Wire
Hardware
Other

121 0.1283 6,388 52.8 11.83 0.077
2 0.0021 10 5 4.99

77 0.0816 7,636 99.2 5.3 0.092
703 0.7454 25,343 36 0.08 0.306
42 0.0445 313 7.5 0.39 0.004
11 0.0117 254 23.1 10.58 0.003
11 . 0.0117 387 35.1 3.72 0.005

Alt Integral Subcomponents 967 1.0253 40,330 41.7 0.13 0.488

Steel, Sell-Supporting 68,338 Structure
Joints And Dead-ends
Conductor
Insulation System
Ground Wire
Hardware
Other

34 0.0498 11,782 346.5 10.35 0.197
10 0.0146 343 34.3 2.42 0.006

114 0.1668 1,020 9 0.13 0.017
827 1.2102 18,049 21.8 0.07 0.301

15 0.0219 735 49 17.25 0.012
8 0.01 17 82 10.2 7.09 0.001
5 0.0073 3 0.7 0.82

All Integral Subcomponents 1.013 1.4823 32.015 31.6 0.08 0.535

Canadian ctricityAssociation 17
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TRANSMISSION LINE ANALYSIS BY ~TA-RP14
$UB~OMPON~NT FOR LINE RELATED TRAN$IENT PORCED OUTAGES (Cont’d)

.7

6
(I1~

E5
0

03
Ca)
0.2 .-.
a)

U.
II
I’I _________ _________

Wood, Wood, Steel, Self Steel, Alurrinum, Alurrinurn, Concrete Coainette Other
Single Rle Double Fble Supporting Guyed Guyed Self

Supporting

Frequency of line-related transient forced outages of 110-149kV transrrission lines by supporting structure.

For Data Submitted By-. All Canada
For the Period: 96-01 To 00-12
Voltage Classification: 110. 149 kV

SUPPORTING STRUCTURE KILOMETRE
YEARS

_________________ (km.a) _____________________ ________ ____________

56,296Wood, Single Pole

SUBCOMPONENT

Struchire
Joints And Dead-ends
Conductx
bsulatlon System
Ground Wire
Hardware
Other

All tritegral Subcomponents

NUMBER
OF

OUTAGES

14
0

52
628

3
1

13

711

FREQUENCY
(PER

100 km.a)

0.0249

0.0924.
1.1155
0.0053
0.0018
0.0231

1.263

Wood, Double Pole 94,318 Struc~ire
Joints And Dead-ends
Conducbx
Isulatioo System
Ground Wire
Hardware
Other

All htegral Subcornponents

Steel, Sell-Supporting 68,338 Struc~ire
Joints And Dead-ends
Conducter
lisulalion System

Ground Wire
Hardware
Other

All kitegral Subcomponents

32 Canadian Electricity Association
ERIS ..PorcedOutage Pei1~ormance o~Transrnission Equipment 2000

5
0

21
1,117

17
2

10

1,172

0.0053

0.0223
1.1843
0.018

0.0021
0.0106

1.2426

1
0
9

661
4
0
0

675

0.0015

0.0132
0.9673
0.0059

0.9877



TRANSMISSION LINE ANALYSIS BY Ti~.RP1 2
PRIMARY CAUSE FOR LINE RELAThD ~U$TAIN~DFORCED0UTA~3ES (Cont’d)

09

~OE

03
0
o

GA
a)~ 03
0.
0-
U-

01

0
I - F7~2

Adverse System R~rmn Foreign Defective Adverse Lkiknow n
Envkonnwnt Condition Berrent kiterference EquiprrEnt Weather

Frequency of line-related sustained forced outages of 110-149 kV transnission lines by prirmary cause.

For Data Submitted By- All Canada
For the Period: 96-01 To 00-12
Voltage Classification: 110 - 149 kV

SUPPORTING
STRUCTURE

Wood, Single Pole

KILOMETRE PRIMARY CAUSE NUMBER FREQUENCY TOTAL MEAN MEDIAN UNAVAIL-
YEARS OF (PER TIME DURATION DURATION ABILITY
(km.a) OUTAGES 100 km.a) (h) (h) (h) (%)

82 0.1457 2,381 28.8 7.56 0.048
226 0.4014 4,047 17.9 0.1 0.062

39 0.0693 284 7.3 2.97 0.006
3 0.0053 2 0.5 0.3
9 0.016 60 6.7 1.18 0.001

40 0.0711 659 16.5 4.98 0.013
34 0.0604 101 3 0.24 0.002

56,296 Defective Equipment
Adverse Weather
Adverse Environment
SystemCondition
Human Element
Foreign Interference
Unknown

All Primary Causes 433 0.7691 7,514 17.4 0.93 0.153

Wood, Double Pole 94,318 Defective Equipment
AdverseWeather
Adverse Environment
System Condition
Human Element
Foreign Interference
Unknown

All Primary Causes

195 0.2067 12,357
632 0.6701 26,922
29 0.0307 156

1 0.0011
10 0.0106
83 0.088
17 0.018

63.4 6.57 0.15
42.6 0.07 0.326

5.4 0.15 0.002
0.3 0.32

100 10 6.97 0.001
726 8.8 3.1 0.009

68 4 0.13 0.001

967 1.0253 40,330 41.7 0.13 0.488

Steel, Sell-Supporting 68,338 Defective Equipment
AdverseWeather
Adverse Environment
System Condition
Human Element
Foreign Interference
Unknown

102 0.1493 2,619 25.7
856 12526 28,431 33.2

8 0.0117 50 6.2
2 0.0029 35 17.5
5 0.0073 11 2.2

31 0.0454 838 27
9 0.0132 31 3.4

5.95 0.044
0.07 0.475
3.33 0.001

17.54 0.001
0.25
0.52 0.014

0.1 0.001

AK Primary Causes 1,013 1.4823 32,015 ..31.6 0.06 0.535

Canadian Electricity Association
ERIS —ForcedOutagePerformanceof TransmissionEquipment 2000



TA.RPIS - ‘. TRANSMISSION LINE ANALYSIS BY
(Cont’~) - PRIMARY CAU~E ~0R~JNERELATED TRANSIENT FORCED OUTAGES

(0

~ 09
0
0

~- Oh

C,
C
0 CA

0.
0

02

0

Adverse System
Environrrent Condition

1-lirman Foreign Defect~e
Benent Interference Equipment

Frequency of line-related transient forced outages of 110-149kV transrrission lines by prirrnry cause.

For Data Submitted By-. AllCanada
For The Period: 96-01 To 00-12
Voltage Classification: 110 - 149 kV

SUPPORTING STRUCTURE

Wood, Single Pole

Wood, Double Pole

KILOMETRE
YEARS
(km.a)

56,296

PRIMARY CAUSE

Detective Equipment
Adverse Weather
Adverse Environment
System Condition
Human Element
Foreign Interference
Unknown

All Primary Causes

94,318 Detective Equipment
Adverse Weather
Adverse EnvironmeM
System Condition
Human Element
Foreign Interference
Unknown

AR Primary Causes

Steel, Sell-Supporting 68,338 Detective Equipment
Adverse Weather
Adverse Environment
System Condition
Human Element
Foreign Interference
Unknown

All Primary Causes

Canadian ~IectricityAssociation 65
ERIS -Forced Outage Pof¶ormance ol transmission Equipment 2~OOO

Adverse
Weather

Unknown

NUMBER
OF

OUTAGES

25
503

11
1
4

17
150

711

32
1,024

41
0

10
22
43

FREQUENCY
(PER

100 km.a)

0.0444
0.8935
0.0195
0.0018
0.0071

-0.0302
0.2664

1.263

0.0339
1.0857
0.0435

0.0106
0.0233
0.0456

1.24261,172

11
635

3
0
0
5

21

0.0161
0.9292
0.0044

0.0073
0.0307

0.9877675





printed: 07-May-03 CanadianElectrical Association

BESDelivery Point Interruptions

NewfoundlandandLabradorHydro

DeliveryPoint Interruption Data by:Re~ion

Showall (including momentary)
Customers ALL
Unplanned Outagesonly

From: 06/01/1997 To: 05/31/1998

Numberof Interuptions

Momentary Sustained

Interuption Duration(mm)

Supply
Average

Customer
Total

Unsupplied
Energy

Load
Average MW Mm

Reffion: Avalon Peninsula

Come By ChanceTi
ComeBy Chance T2

Hardwoods
Holyrood 38L
Holyrood 39L
Long Harbour

Oxen Pond
Western Avalon 64L
Western Avalon 86L

Total:

0 2 32

0 1 1

0 2 74

0 2 52
o 1 9

0 2 16

o 4 142

o 2 34

0 1 9

.017 369

Reajon: Burin Peninsula

Bay L’Argent

Linton Lake
Monkstown

Salt Pond

Total:

4 8 251

4 .3 559

4 2 391

0 9 182

12 27 1,383

Region: Central

GrandFallsF.C. Ti

Grand Falls F.C. T2

Sunnyside- LOOL
Sunnyside- 109L

Sunnyside- Rural

Total:

Delivery Point

16

37

26

9

8

35

17

9

22

0
I

37

26
9

8

35

4

9

18

74

52

.9

16
142

9

9

313

16
14

13~604
1.268

216

6

19.924

1.395

[71

36,614

31

70
195

20

25 1

182
39j

182

-, I

23
195
20

37Si 1.006

384

1.610

200

L858

4,052

•0 I

•0 4

o 2

o 2

o 2

o .11

334

256

169

169

169

1,097

334

64

84

84

84

100

334

256

8

8

169

775

334

64

4

4

84

70

668

5.068

208

2.16

587

6,747

Pate I of3



NumberofInteruptions

Momentary Sustained System
Total

Barachoix
ConneRiver
English Harbour West

Total:

1 5•

1 •5

1 .5

3 15

3,684

179
3,684

7,547

737

36

737

503

3,684

179

3,684

7,547 503

Reffion: G.N.P

.

Bear Cove
Cow Head
DanielsHarbour
Glenburnie
HawkesBay
Main Brook
ParsonsPond
Plum Point
Rocky Harbour
Roddickton
St.Anthony

Wiltondale

Total:

j~g~n: Labrador East

Happy Valley Bus12

Total:

Region:SouthWestCoast

Codroy
PortAux Basques

Wheelers

Total:

~ WestCoast

Stephenville

StephenvillePaperMill

Total:

117 566
5 2 •.8.

6 2 11

o 13 155
6 3 104
9 10 309
6 2 - 1.1
8 7 243

0 12 . 96

9 10 333

7 13 433

0 13 155

67

0

94

8

2,424

1,670

26

209

2,172

392

23

49

3,482

15,219

0 8 1,670 209 392 49 15,219

7 5 229 46 229 46 184

7 5 257 51• 71 14. 485

0 1 26 26 0 .0 0

14 11 512 47 300 27 669

2 0 0 0 0 0 0

2 1 80 80 80 80 5,120

4 1 80 80

DeliveryPoint

Reajon: Central South Coast

InteruptionDuration (mm)

9

Supply Customer
Average Total

Load

Unsupplied

Energy

MW MmAverage

737
36

737

11,799

145
5,899

17,843

81

4

5

12

35
31

S

35

8

33
33
12

566
8

11

155
104
309

11
243

96

275

239

155

81.
4

5
12
35

31
.5

35

8
27

18
12

1,426
7

7

93

220

97

6
326

91

407

788
14

80 80 5,120

Page2of 3



r I I
Unsupplied

Numberof Interuptions I . Interuption Duration (‘mm) I
System Supply Customer Load

Momentary Sustained Total Average Total Average MW Mm
______ _____ IDelivery Point

Region: WestSouth Coast

Burgeo
RopeBrook Ti

ElopeBrook T2

Total:

Region:White Bay

ConeyArm
Rampden
JacksonsArm

Total:

3

10

10

1. 3

6

6

3

3

3

3

6

6

3

3

3

4

32

24

23 5 15 3 15 3 60

•1. .0 0 0 0 0 0

1 0 0 0 0 0 0

1 0 0 0 0 0 0

3 0 0 0 0 0 0

IGrandTotal: . 126 189 15,097 80 12,600 67 89,806

Page3 of 3



printed: 07-May-03 Canadian Electrical Association.

BESDelivery Point Interruptions

NewfoundlandandLabradorHydro

DeliveryPoint Interruption Databy:Rezion
Showall (including momentary)
Customers ALL
UnplannedOutages only

From: 06(01/1998 To: 05/31/1999

NumberofInteruptions I
System

Momentary Sustained Total

hnteruption Duration (miii)

Supply Customer
Average Total

Unsupplied I
Load Energy

Average NIW Mm

Region:Avalon Peninsula

ComeBy ChanceTi
ComeBy ChanceT2
Hardwoods
Holyrood 38L
Holyrood 39L
Long Harbour
Oxen Pond
Western Avalon 64L

WesternAvalon 86L

1 5 21
1 7 25

0 3 135

0 4 243

0 4 127
0 4 1,862
0 4 149
I ~ 75

I •~ 135

4 39 . 2,772

Region: Burin Peninsula

Bay L’Argent

Linton Lake
Monkstown

Salt Pond

5 5
5 5. 55

2 -~ . 54

4 7 58

11

11
13

8

55

54

58

11 83

11 168

13 31

8 785

16 21 . 222

DeliveryPoint

4

4

45

61

32

465
37

19

34

21

25

96

142

127

1,862
118
.75

135

Total:

4

4

32

35.

32

465
29

[9

34

232

202
11,819

1.569

‘37

372

14.258;

6.786
2,311

71 2,601 67 37,886

Total: ii 222
•11

1,067

Page 1 of 3



Numberof hnteruptions I hnteruptionDuration (miii) oad ~Unsupplied

I Momentary Sustained’ System Supply Customer L M
Delivery Point I Total Average Total Average W Mm

Re~ion: Central

Grand Falls
Indian River 363L
South Brook
Springdale

Sunnyside- lOOL

Sunnyside- 109L
Sunnyside- Rural

0

I

.1

1 250

I -)

79
0 0
5 52
9. 54

5 15

250

2

79
0~

10

11
.3

0
)

79

0

52

54
15

0 120

2 10
79 237

0 0

10 2,517

11 2.908

3 76

Total:

Res~ion: Central South Coast

Barachoix

Conne River

English Harbour West

Total:

Region:G.N.P

.

Bear Cove

Cow Head
Daniels Harbour

Glenburnie

Hawkes Bay

Main Brook
ParsonsPond

Plum Point

Rocky Harbour
Roddickton

St. Anthony

Wiltondale

Total:

17

18

16

0
13

0
19

15

0
0

I

0
4:

0
[4

0

.4

14

15

0 4

99 60

55 . 27.

26 26

0
4. 1

0
35 2.

o 0
14 7

4. 1
35 2

41 3
4 . I

218 4

~gjQn: LabradorEast

Happy Valley Bus 12

Total:

0 2 2.152 1,076

0 2 2.132 1,076

-1.20 210

420 210

6 18 452

2

ii.25

1•

I

0 2

0 2

O 2

0 6

202

9.

6

5,868

5

2

6 1 9

55
26

0
4

0

0

14

4

-‘9

-1.1
4

218

110
36

0

0
12
0

21
6

53

149

27

26

0

0

0
7

I.
9

3

-I 392

4,791

4,791

Page2 of 3



1

NumberofhnteruptionsI hnteruptionDuration(miii) UnsuppliedI
Energy

Momentary
Delivery~ .1

System
Sustained Total

Supply
Average

Customer
Total

LoadI
Average MW Mm

Region: South WestCoast

Codroy

Port Aux Basques
Wheelers

Total:

~gj~n: WestCoast

Stephenville

Stephenville Paper Mill

Total:

Re ion: WestSouth Coast

Burgeo

HopeBrook Ti

HopeBrook T2

Total:

6 5

6 5

0 1

202.

214

40

43

I

202
218

‘40

43

369

2.756

0

12

2

2

11

1

1

416

1

.1

38

1

1

420

1

1

- 38

1

1

3,125

14

4 2 2 1 2 .1 . 15

— 6 6 3 51

7 2 2 1 2 1 0

7 2 2 1 2 1 0

19 6 10 2 . 10 51

Region: White Bay

ConeyArm

Hampden
Howley

JacksonsArm

0 1 115
0 V .115
o V 115
0 1 115

4 460 115

Grand Total: 160 169 6,710 40 4.361

Total:

115
115

115

115

115
1.15

115

115

0

115

115

115

115.

0

35
‘I-..

—3

58

460 115 116

27 53,320

Page3 of 3



printed: 07-May-03 CanadianElectrical Association

BESDelivery Point interruptions

NewfoundlandandLabradorHydro

DeliveryPoint Interruption Data by:Reffion From: 06/01/1999

Show all (including momentary)
Customers : ALL
Unplanned Outagesonly

To: 05/31/2000

DeliveryPoint

Reeion: Avalon Peninsula

Western Avalon 64L

Total:

Region: Burin Peninsula

Bay L’Argent
Linton Lake

Monkstown

Salt Pond

Total:

Renion: Central

Indian River 363L

Total:

Region: Central South Coast

Barachoix
Conne River

English Harbour West

Total:

Numberofunteruptions

System
Momentary Sustained Total

0 2

0 2

.4. 2
3. 1

4 2

3 3

14 8

1 0

1 0

..0 Q
0 ~9

0 9

0 27

hnteruptionDuration(miii)

Supply Customer
Average Total

13 6

13 6

17.1

170
171

7

319

0

0

171

170
171

6

318

85
170
85

1

65

0. 0

0 0

152
152

250

334

17

17

28

21

0

0

.152

152
250

334

Unsupplied
Energy

Load
Average MW Mm

0 0

0

85 137.

170 221

85 52
2 .126

63 336

0

0

17

17

28

21

0

591
189

327

1,107

Pa~reI of9



DeliveryPoint

Re2ion: G.N.P.

Numberofhnteruptions

Momentary
System

Sustained Total

hnteruptionDuration (miii)

Supply Customer
Average Total

• Unsupplied
Energy

Load
Average MW Mm

Bear Cove

Cow Head

DanielsHarbour

Glenburnie

Hawkes Bay

Main Brook

ParsonsPond

Plum Point

Rocky Harbour
Roddickton

St.Anthony

Wiltondale

9

54

19

0
41
0

.47

9

0

0
I
0

6 108

5 637
4. ~. 540

13 273

4 441
15 . 141

750
5 107

11 129

15 145
14 162
12 283

Total:

Reuion: Labrador East

Happy Valley Bus 12

Total:

180 109 3.716 34 3,348

0 15 6.234 416

0 15. . 6.234 416

354

354

Re2ion: South WestCoast

Codroy

Port Aux Basques

Total:

Re2ion: West Coast

StephenvillePaperMill

Total:

18 1 690
27 5 996

45 6

1 0

1 0

1,686

0 0

0 0

Region: West South Coast

Burgeo

HopeBrook Ti

HopeBrook T2

Total:

GrandTotal:

S .0
3 0
2 .0

8 0

•0. . 0

0 0

o 0

0 0

249 167 12.722

0
0
0

0

0
0
0

0

76 .5.764 35

18

127

135

21
110

9

150
21

12

10
12

24

53
637

540

273

315

86
750

107
129
90

85
283

9

127

135

21
79
6

150

21
12

6

6

24

162

531

252

514

1.200
40

207

119
128

113

440

64

3i

24

24

3,769

4.160

4,160

690
199

281

622
74

165

978

2.421

3,399

622

368

990

0•

0•

0

0

0

0

0
0
0

0

12,971

Page2of2



printed: 07-May-03 Canadian Electrical Association

BESDelivery Point Interruptions

NewfoundlandandLabradorHydro

DeliveryPointInterruptionData by:Region
Showall (including momentary)
Customers: ALL
Unplanned Outagesonly

From: 06/01/2000 To~ 05/31/2001

Numberofhnteruptions

Momentary Sustained

InteruptionDuration (miii)

System Supply Customer
Total Average Total

I Unsupphied

Load Energy
Average~ MWMin

ReEion: Avalon Peninsula

ComeBy ChanceT2
Holyrood 39L

Total:

~gjon: Burin Peninsula

Bay L’Argent

Linton Lake

Mon kstown
Salt Pond

Total:

~g~on: Central

Indian River 363L

SouthBrook

Sunayside- IOOL

Total:.

0 1

0 1
728

4

728

4

0 2 732 366

17 5 441 88

17 3 266 89
17 5 696 139
3 0~ 0 0

54 13 1,403 108

0 ~1 4 4

0 1 492 492
.2 0 0 0

2 496 248

~gj~j~: Central South Coast

Barachoix

ConneRiver

English Harbour West~

St. Albans

0 9 789
C) 930

C 737

0 1 . .

88
103

82

13

0
0

0

441
266

696
0

1.403

-I.

492
0

0

0

0

88
89

139

0

108

4
492

0

0
0

0

1.335

2.862

687
0

4,884

42

2.460
0

496 248 2,502

189 88 .623
Q3Q 103 562

737 82 689

13 . 13 14

2 28 2,469

DeliveryPoint

Total: 88 2,469 88 3,888

PageI of 3



Numberofhnteruptions I
SystemMomentary Sustained~ Total

hnteruptionDuration(miii)

Supply
Average

Customer Load
Total . Average

Renion: G.N.P.

Bear Cove

Cow Head

DanielsHarbour

Glenburnie

HawkesBay

Main Brook
ParsonsPond

Plum Point

Rocky Harbour
Roddickton

St. Anthony

Wiltondale

Total:

26

2

10

0

10

8

7

23

0

7

3

0

96 130

10 47
1 8

32

5 126
1 32

31 . 315

10 .47
5 108

31 317

29 320

[26

5 .47

8 8
32 . 32

25 126

32 32

10 217

93 93

5 47
22 108
10 230
11 134
25 126.

1,571 12 1.200

5 49

8 6
32 12

25~ 35
32 96

7 75
93• 25

89

.22
385

663

25 35

9 1,632

Renion: Labrador East

HappyValley Bus 12

Total:

Reeion:SouthWestCoast

Codroy

PortAux Basques

Wheelers

Total:

‘8

28

1 12 . 2.252 188 335

1 12 2.252 188 335

8 5 Q42 188 443

9 6 1.004 167 190.

0 •1 5 5 )

17 12. 1.951 163

.39

32

S

638

Reeion: WestCoast

Stephenville

StepheavillePaperMill

Total:

0 3 51

o 1 2

0 4

17
-y

53 13

51 17 469

140

53 13 609

~g~on: WestSouthCoast

Burgeo

HopeBrook Ti

HopeBrook T2

6 1 72

7 2 73

7 2

20 5 218

DeliveryPoint

Unsupplied
Energy

MWMin

4.059

4,059

856
1,689

0

2,545

Total:

72

36

36

72

73

73

72

36

36

44

50
9

1•

218 . 60

Page2 of 3



DeliveryPoint

Numberofhnteruptions

Momentary Sustained

System

Total

InteruptionDuration(mm)

Supply Customer

Average Total

Load

Average~

Unsupplied

Energy

MW Mm

~g~~n: White Bay

ConeyArm 0 1 1 1 1 1 0

Hampden 0 1 1 j I I

JacksonsArm 0

Total: 0

1 1 1 1 1 1

3 3 3 1

192IGrandTotal:
211 11,148 53 6,815 32. . 20.181
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printed: 07-May-03 CanadianElectricalAssociation

BESDelivery Point Interruptions

NewfoundlandandLabradorHydro

DeliveryPoint interruptionData by:Reeion
Showall (including momentary)
Customers: ALL
UnplannedOutagesonly

From: 06/0112001 To: 05/31/2002

InteruptionDuration(miii) UnsuppliedNumberofhnteruptions . Energy

System Supply Customer Load I
DeliveryPoint Momentary Sustained Total Average . Total Average MW Mm

Renion: Avalon Peninsula

Hardwoods

Holyrood 38L

Holyrood39L

Oxen Pond

~Total: -

Reuion: Burin Peninsula

Bay L’Argent

Monkstown

Salt Pond

Total:

0 1

0 1

0 1

0 1

3 3

3 3

3 3

6 6

0 4 [5

3 0 0
3 0 0

o 1 1.179

6 1 1,179 1,179

4

3

7

4

~1

3

7

299
17

93

767

4 [7 4 1,176

0 0 0 0

O . 0 0 . 0

1.179 0 0 0

0 0 0

Region: Central

.

DeerLakePlant

DeerLakeTL-225

Grand Falls F.C. Ti

Grand Falls F.C. T2

SouthBrook

0 1

0 1 -~

0 1 10
0 1 tO
2 •0. 0

Total: 2 4 29

Region: CentralSouthCoast

Barachoix

ConneRiver

EnglishHarbourWest

0 2 115

0 2

0 2 2

7 4

57 115
K)

-)

I 24

57 372

2
2

0 6 119

5

4

10
10

0

0
.4

0

0

0

4

0

0

0

0

24

0

0

0

Total: 20 119 20 376
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Numberofhnteruptions

System
Momentary Sustained Total

hnteruptionDuration (miii)

Supply Customer
Average Total

Unsupphied 1
Load Energy

Average N’IW Mm I
• I

Region: G.N.P.

Bear Cove

Cow Head

DanielsHarbour

Glenburnie
FlawkesBay

Main Brook

ParsonsPond

Plum Point

Rocky Harbour
Roddickton

St. Anthony
Wiltondale

Total:

Region: Labrador East

HappyValley Bus 12

fotal:.

47 38 1,446

0 .6 56

0 6 36

25 . 1.518

9

9

56

36

Region:SouthWestCoast

Codroy

PortAux Basques

Wheelers

Total:

49 5 . 165

49 5 167

0 2 238

98 12 579

~on: West Coast

Stephenville

StephenvillePaperMill

0 1

o 1

59

67

59.

67
59 59

67 67

0 2 126 63 126 63 6.766

~g~on: WestSouthCoast

Bur.geo

HopeBrookTi

HopeBrook T2

6 3

10 3

10 3

69 -~

70 23

70 23

69 23 9

70 23 25

70 23 12

26 9 209

Delive,yPoint

8

I

3

1~

4

6
.4

6
1

.6
6

3

11
•1

S

0

3

1.1
5
)

II

322

5

14
27

350

113

0

341
27

190
30

27

107

S

14
9.

[75

23
•0

114

38

6

.2

326

14

27

350

113

0

363

27

218

48
27

[09

5

14

175~

23

0

121

2

44

10
2

595

6

11
21

736
30
0

490
60

436
184

21

26

9.

9

~.59()

824

824

33

‘3

.119

47~

165
111

238

514

33

119

43

364

1.493

0

1,837

Total:

2.027

4.739

Total: 13 209 23 46
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Numberofhnteruptions I

System
Momentary Sustained. Total

hnteruptionDuration(miii)

Supply Customer
Average Total

Region: White Bay

Coney Arm

Hampden

JacksonsArm

Total:

0 1 659

0 I. 659

0 1 659

0 .3 1,977 659

Grand Total: 179 105 5,726 55 4,540 43 14,494

Delivery Point

Unsupphied

Energy

MWMin
Load

Average

659
659

659

659

659

659

1,977..

659

659

659

I

517

317

659 835
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printed: 07-May-03 CanadianElectricalAssociation

BESDelivery Point Interruptions

NewfoundlandandLabradorHydro

Delivery PointInterruption Data by:Re~ion

Showall (including momentary)
Customers: ALL
Unplanned Outagesonly

From: 06/01/2001 To: 05/31/2002

Numberofhnteruptions

System
Momentary Sustained Total

InteruptionDuration (miii)

Supply Customer
Average Total

Unsupphied
Energy

Load
Average MW Mm

Region:Avalon Peninsula

Hardwoods
Holyrood 38L

Holyrood 39L

OxenPond

Total: -

Region: Burin Peninsula

Bay L’Argent

Monkstown

SaltPond

0 1

o 1

0 1
0 1

0 4

3

0

0

0

3

3

3.

6

15

0

0

1.179

3

3

6

4

0

•0

1.179

6 1 1,179. . 1.179

~on: Central

DeerLakePlant

DeerLakeTL-225

Grand Falls F.C. Ti

Grand Falls F.C. T2

SouthBrook

0

0

0

0

5 )

4 .4

10 10
10 10
0 0

I.

0

0. 0.

4 4

0 0

O 0
0

Total:

Region:CentralSouthCoast

Barachoix

ConneRiver

EnglishHarbourWest

Total:

2 1

o 2

o -~

o 2

1) 6

29 7

115 57

2 1

2 .1

.119 20

Delivery Point

-I.

3

.7

17

0

0

0

0Total:

4

3

3

7

4

0

0

0

0

299
17

93

767

1.176

0

0

.0

0

.0

24

0.

0

0

•1

115

119

I

57

20

24

372
1

376

.Pa~eI of 3



Numberofhnteruptions

System
Momentary Sustained Total

InteruptionDuration(miii)

Supply
Average

Customer Load
Total Average

Re2ion: G.N.P.

BearCove

Cow Head

Daniels Harbour
Glenburnie

HawkesBay

Main Brook

ParsonsPond

PlumPoint

RockyHarbour

Roddickton

St.Anthony

Wiltondale

Total:

I.
3

4

6

4

6

6

6

47 38

322

1 5
14

1~1~ 27

2 350

113.
0 0

3 341

[1 27
5 190

3 30

II 27

1,446

Re2ion: Labrador East

HappyValley Bus 12

Total:

Region:SouthWestCoast

Codroy

PortAux Basques

Wheelers

Total:

!~&~mni WestCoast

Stephenville

StephenvillePaperMill

Total:

0 6 56 9

0 6 56 9

49 5

49 •;

0 2

98 12

o 1

o 1

165

167

238

570

33

33

119

47

59 . 59

67 67

0 2 126 63

g~~: WestSouthCoast

Burgeo

I-lope Brook Ti

HopeBrook T2

6 3

10 3

10

69 23

70 23

70 23

26 Q 209

DeliveryPoint

Unsupphied
Energy

MW Mm

[07

5

14

175

23

0

114
2

38

6

25

326

)

[4~

27

350

113

0

363
27

218

48

27

1.518

109

5

14

2

175

23

0

121

2

44

10
2

595.

6

11
21

736

30

0

490

60
436

184

21

26 2.590

9

36

[65

.111

238

314

59

67

126

69

9

33

119~

43

59

67.

63

23

23

23

824

824

364
[.493

0~

1,857

2.027

4.739

6,766

()

.) S

12

Total: 23 209 .23 46
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DeliveryPoint

NumberofInteruptions hnteruptionDuration(miii)

I Momentary SustainedSystem Supply CustomerTotal Average Total

Unsupphied
Energy

Load
Average MW Mm

Region: White Bay

ConeyArm

Filampden

JacksousArm

0 1

0 I

0 1

659 659

659

659

659

659

Total:

Grand Total:

1,977 659

55179 105 5,726

1,977

4,540

659 - 835

43 14A97~

659

659

659

659

659

659

517

317
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printed: 07-May-03 Canadian Electrical Association

BESDelivery Point [nterruptions

NewfoundlandandLabradorHydro

DeliveryPoint InterruptionData by:Re~’ion

Showall (including momentary)
Customers: ALL
Unplanned Outagesonly

From: 06/01/2002 To: 05/31/2003

Numberofhnteruptions I hnteruptionDuration(mm) Unsupplied

Momentary
DeliveryPoint

SustainedSystem
Total

Supply
Average

Customer
Total

Load
Average MW Mm

Reeion:Avalon Peninsula

.

ComeBy ChanceT2
Hardwoods

1-lolyrood38L

Holyrood 39L

Long Harbour

OxenPond

WesternAvalon 64L

WesternAvalon 86L

Total:

g~g~n:Burin Peninsula

Bay L’Argent

Linton Lake

Monkstown
SaltPond

Total:

2 1 1

0 3

O 1 120

0 4

I I 720
0 3 31

0 1 270

0 1 •272

3 12 1.490

16

•8

16

0

0

0

6 .1

46 1

7

[20

.4

720

27

270
272

124

0 0

o 0

o o
4 4

1 4

1~

62

[20

0

720

110

0
0

1.013

1 12

21 15.238

[20 2.844

0. 0

720 10

37~ 18.806

0 0

0 0

84 .36,910

0 0 0

0 0 0

0 0 0

0 0 0

0 0

Re~ion: Central
Buchans

DeerLakePlant

DeerLakeTL-225

GrandFallsF.C. Ti

GrandFalls F.C.T2

SouthBrook

Total:

0 1

0 2

o 2

0 1

0 1

19 2

51

102

102

12

427

51

51

51

80

80

6

47

j 1

0

102

0

0
.12

16519 9

Si

0

51~

0

0

6

18

72

0

1,338

0

0

60

1,470
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Region: Central South Coast

Barachoix

ConneRiver

English Harbour West

Total:

Reuion: G.N.P

.

Bear Cove
Cow Head

DanielsHarbour

Glenburnie

HawkesBay

Main Brook

ParsonsPond

Plum Point

Rocky Harbour
Roddickton

St. Anthony

Wiltondale

Total:

Re!ion: Labrador.East

.

Happy Valley Bus 12

Total:

24
24

22

0

22

26

23

24

1

26

20

0

5 236

3 [91

4 195

4 100

5 210

6 303
4 . [95.
5 234

4 100

6 308

6 .309
4 100

212 56

0 8

0 8

2.481

[9 2

19 . 2

Region: South West Coast

Codroy

PortAux Basques

7 <2

28 3

0 1Wheelers

Total:

32 41.

33 28

79 79

35 6 244. 41

Numberofhnteruptions I InteruptionDuration(miii) Unsupphied I
I Energy

Momentary SustainedSystem Supply Customer Load
DeliveryPoint Total’ Average Total Averagej MW Mm I

2 0

2 0

2 0

o o
0 0

0 0

6 0

0

0

0

0

0

0

0

0 0

0

0

0

0 0

47

.64

49

25

42

so
4.9

47

25

51

51

25

44

236

195

100

196

189

195

234

100

225.

127

IQO

2,088

21

21.

47

64
49

25

39

49

47

25

37

21.

25

37

3

648

270
92

57

1.018
63

105

71.

477

424

476

57

4.257

471

471

32

83

79

244

41
23

79

11

243

1,621

0

1,864
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DeliveryPoint

Numberofunteruptions

.Momentary SustainedS System

Total

hnteruptionDuration(mm)

Supply Customer

Average Total

Load

Average j

Unsupphied
Energy

MWMiii

Reaion: WestCoast

MasseyDrive Bus2 and3

MasseyDriveBus4

Stephenville

StephenvillePaperMill

Total:

Res~ion: WestSouth Coast

Burgeo

HopeBrook Ti

[lope Brook T2

Total:

Rei~ion: White Bay

ConeyArm

Hampden

Rowley

JacksonsArm

0 1 55

0 2 490

1 1 91

1 1 91

2 S 727

16 5

20 5

20 5

1.791.

1.426

1.426

56 15 4,643 310

3

0

57

57

57

57

57

57

57 57

I

Total:

Grand Total:

9 . 4 . 228

388 116 10,263

57 228 37 137

88 9,129 79 76.176

245

91
91

145

358

285

285

55
490

91

91

727

1.791
1,426

1.426

4,643

57

57
57.

57

55

245

91

91

145

358

285
285

310

57

57

57

3.696

12.304

3,640

6.370

26,010

4.368
344.

344

5,057

0
43

23

71
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printed: 07-May-03 Canadian Electrical Association

BESDelivery Point [uterruptions

NewfoundlandandLabradorHydro

DeliveryPointInterruption Data by:ReL’ion From: 06/01/2003

Showall (including momentary)
Customers: ALL
Unplanned Outagesonly

To: 05/31/2004

I .

Delivery.Point

Numberofhnteruptions

Momentary SustainedI SystemTotal

unteruptionDuration(miii)

Supply CustomerAverage Total

L

Load
Average

UnsuppliedI

Energy

MW Mm

Region: 0

T

Total:

0 0 0 0 0

0

0 0

0 0 0 0 0 0

Grand Total: 0 00 0 0 0 0
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