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Q.  Please provide a copy of the East Coast Voltage Study filed at the 1997 1 

Capital Budget Hearing. 2 
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Thescopeof theEastCoastVoltageStudyis to carry outa thoroughreview of theeast

coasttransmissionnetworkto identify potentialareasof concernandanalyzesolutions

from a technicalandeconomicperspective. In orderto do this it wasfirst necessaryto

do a thoroughanalysisof the existingsystemto determineit capabilitiesandlimitations.

Once the systemlimitationshad beendefined,it waspossibleto identify problemareas

andinvestigatepossiblesolutions.

The technical (load flow) analysishas identified voltageproblemsparticularlyduring

periodswhen the systemis operatedwithout anygenerationat Holyrood. In addition,

thermaloverloadinghasbeenidentified on transmissionlines TL202, TL206, TL203,

TL207 and TL237 for certaincontingencyoperations. Severalalternativeshave been

proposedto alleviate the voltageproblems and other alternativesto eliminate thermal

overloading. Load flow analysisindicate that the voltage compensationoptions are

adequateto supportvoltageson the East Coastfor many contingencysituations. Cost

estimateswere requestedand obtained from Engineeringfor these alternativesfor

subsequenteconomicanalysis.

Basedon the load flow analysisand the costestimatesobtained,it is recommendedthat

UnitNo. 3 at Holyroodbeutilized asa synchronouscondenserfor voltagesupportduring

periodsof light and mediumloads; that is, periodswhen generationis normally off at

Holyrood. It is also recommendedthat additionalvoltagecompensationin the form of

capacitors(65.6 MVARs) be installed at Hardwoods and Oxen Pond. This static

compensation,in addition to existing capacitorsat theselocations, will complement

voltagesupportsuppliedby the HardwoodsGasTurbineduringperiodswhen Unit No.

3 at Holyroodis not available.
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It is further recommendedthat transmissionlines TL203, TL207 and TL237 be

reconductoredwithDrakeconductorandthermallyupratedtooperateata 750C conductor

temperature. This will eliminate thermal overloading during certain line out

contingenciesandallow for the transferof 365 MW ofload from the westasdesiredfor

no generationat Holyrood. The thermal uprating of TL202 and TL206 is not

recommendedsinceit doesnotaid in the transferof 365 MW load.
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1.0 INTRODUCTION

During October 1994 System Planning was requestedby the Director of System

OperationsandTelecontrolto reviewvoltagesupportrequirementsfor theeasternportion

of the Islandgrid. It wasbelievedthat theremaybe merit in havingadditionalvoltage

supportfor therelativelyheavyload centresof theAvalonPeninsula.Indeed,it wasfelt

that a voltage support study for the East Coast was manifestedby low voltages

experiencedduringcertainoperatingconditionsandcontingencysituationsaswell asby

a perceivedlack ofreliability in existingvoltagesupportequipment.

TheEastCoastVoltageStudyencompassedequipmentandloadeastof theBay D’Espoir

GeneratingPlant(refer to Figure 1.0(a) and the single line diagramof Figure 1.0(b)).

Theequipmentincludesall bulk (230kV) transmissionlineseastof BayD’Espoiraswell

asNewfoundlandand LabradorHydro’s generatingplantslocatedat Holyrood and the

HardwoodsTerminalStation. The systemload consideredcomprisedthat flowing over

all 230 kV lines eastof Bay D’Espoir. For the most part, this load included the

industrial load at Come-By-Chanceand NewfoundlandPower’s load on the Avalon

Peninsula.

In February1995,Operationsand Planningpersonnelmetto discussandagreeuponthe

Terms of Referencefor this study. The Terms of Reference,which is included in

AppendixA, outlines the objectivesof the EastCoastVoltageStudy and specifiesthe

methodologyby which the study will be conducted. In addition,an interim reportwas

preparedand distributedduring June 1995 to inform interestedparties of the study

progress.Thisreportgavethe evaluationof the studyfrom the onset,definedthe study

constraints,assumptionsandcontingencies,andspecifiedthecriteriautilizedfor thestudy

aswell as the alternativesconsidered.Since the issuanceof the interimreport, theEast
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I
I CoastVoltageStudyhasbeencompleted. Thepurposeofthis final reportis to reiterate

the study methodologyincluding a review of the study constraints, assumptions,I contingenciesand criteria. In addition, the findings of the study are presentedand

recommendationsfor action areforwarded.

Thefindings of thestudyhavebeendocumentedin two volumes. Volume 1 containsthe

main reportwith appendicescontainingdataconsideredmostpertinenttounderstanding

andinterpretingthe study. Volume 2 containsthe remainingsupportingdocumentation

of the detailedresultsrelatedto the load flow analysisconducted. A copyof Volume 2

is kept within SystemPlanningfor referencepurposes.
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EAST COAST VOLTAGE STUDY

The East Coast Voltage Study involves all equipment and
load East of the Bay D’Espoir Generating Plant.

Legend
• Generating Station

• Terminal Station

— 230 kV TransmissionLine

Figure 1.0(a):
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2.0 SYSTEM PARAMETERS. LIMITATIONS, DEFINITIONS
& CRITERIA

As outlinedin theTermsof ReferenceofAppendixA, the initial objectivesof this study

were to establishload relatedparametersfor andto determinelimitations of theexisting

system. In addition,it wasnecessaryto defineparticularsrelatedto load magnitudesas

well as to identii~’ normaland contingentoperatingconditions.

2.1 Power Factor

In orderto carry out a voltagestudy, it was first necessaryto determineload

power factorsexperiencedfor daily and seasonalloads. Power factors for all

loads across the Island grid were determined using telemetry data obtained from
the Energy ManagementSystem (EMS) for three load levels as indicated in

AppendixB. The powerfactorsutilized for thoseload centresrelevantto the

EastCoastVoltage Studyaretabulatedin Table2.1.

I
TABLE 2.1

PowerFactorsUtilized for the
East CoastVoltage Study

Avalon Peninsula 0.80 0.93 0.95

NewfoundlandProcessing 0.85 0.85 0.85

St. John’s 0.80 0.93 0.95
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1 _ 2.2 Transmission Line Thermal Limits

All 230 kV transmissionlines on the Islandgrid aredesignedto operateat a500C

conductortemperature. Dependingon the ambient temperatureand conductor

size, eachline hasanampacitycorrespondingtoits 500C conductortemperature.

ThemaximumcapacityinMVA ofall 230 kV transmissionlinesontheEastCoast

havebeencalculatedand are tabulatedin AppendixC.

2.3 Machine Limits

For the purposeof this study, the maximum generationassumedfor the Bay

d’EspoirGeneratingPlant,the HolyroodGeneratingPlant,andthe HardwoodsGas

Turbineareasindicatedin Table2.2. Thevaluesspecifiedin Table2.2arethose

availableto the’systemafterstationservice.

With the exceptionof Bay d’Espoirunits, the terminalvoltagewasassumedtobe

a maximumof 1.05. The maximumterminalvoltageusedfor Bay d’Espoirunits

was 14.4 kV (or 1.0435pu).
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TABLE 2.2
Machine Active and Reactive Power Limits

Bay D’Espoir Unit No. 7 154 70

HolyroodUnits No. 1 & 2 166 (each) 80.4 (each)

HolyroodUnit No. 3 142.5 88.3

HolyroodUnit No. 3 (as S.C.) 0 148

HardwoodsGasTurbine 40 30.5

HardwoodsGasTurbine (as S.C.) 0 40

2.4 Definition of Load Magnitudes

The 1995 forecastedpeakload for the interconnectedIsland systemis 1310MW.

For studypurposes,systemloadshavebeencategorizedaseitherLight, Medium

or Heavywith the ultimatemagnitudebeinga percentageofthe 1995 total system

peak load. These magnitudes are specified in Table 2.3 along with the

correspondingpowerfactors.

7
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TABLE 2.3
Definition of Load Magnitude and

Corresponding PowerFactors

Medium < 80% < 1048 0.93 0.93 0.85

Heavy > 80% ~ 1048 0.95 0.95 0.85

2.5 Contingency Analysis and Criteria

TransmissionPlanning’scriteriafor contingencystudiesis normally to maintain

load for the lossof anysinglecomponent(transmissionline or transformer)onthe

system. However,Operationshasindicatedthat the HardwoodsGasTurbinehas

notbeendependablewhen called uponduring systemdisturbances. In addition,

it was noted that it takes approximatelytwo weeks to convert Unit No. 3 at

Holyrood to operate as synchronouscondensermaking it impractical for

respondingto emergencysituations. Consequently,it was decidedthat theEast

CoastVoltage Studywould be expandedto investigatemultiple contingenciesas

follows:

(i) theunavailabilityofUnitNo. 3 atHolyroodasasynchronouscondenserfor

voltagesupport;

(ii) the unavailability of theHardwoodsGasTurbine;and

I

I

Light <45% =590 0.80 0.80 0.85
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I (lii) the lossof a single230 kV transmissionline.

I As for the normalcontingencyanalysis,the emergency230 kV systemoperating

I voltagewill be maintainedbetween0.90 and 1.10Pu.
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3.0 STUDY PROGRESSION

Having establishedthecapabilitiesof the variousgenerationand transmissionelements,

the load characteristicsand thesystemcontingenciesto beevaluated,the next stepwas

todeterminehowgenerationdispatchwould affectthevoltagecompensationrequirements

for the eastcoastsystem. In particular,the operatingstatusof theHolyroodGenerating

Planthasa significantimpacton the eastcoastsystem.

3.1 Holyrood Generation Dispatch

Discussionswith Operationsrevealedthat all threeunitsat Holyroodarenormally

requiredfor operationfrom mid to lateNovemberuntil April. Usually startingin

April, dependingon systemloadandreservoirlevels,oneunit at Holyroodcanbe

shutdownandasloaddecreasesfurtherduringthe summer,thesecondandideally

the third unitsare alsoshutdown. It is normallyduringthe summerandearlyfall

periodthatmaintenanceoverhaulsareperformedon the thermalunits.

Furtherdiscussionswith Operationsrevealedthat the decisionto shutdown all

units atHolyroodis usuallynota resultofeconomicgenerationdispatchbutrather

systemvoltage and securityconcerns. During theselight load periods thereis

morethan sufficienthydro capabilityto supply all loads; however,due to a lack

of voltage supporton the eastcoast, it is often necessaryto operatea unit at

Holyrood to supportsystemvoltages.

Basedon thesediscussions,it would appearthat thereis a periodeachyearwhen

the systemis operatingat a less than optimum generationdispatchbecauseof

inadequatevoltagesupporton the eastcoast.

10



3.2 Maximum Power Transfer Reuuirements

In order to determinethe optimumgenerationdispatchand the resultantvoltage

compensationrequirements,Operationswasapproachedtodeterminea maximum

value of power which would be requiredto be transmitted from the western

portion of the Island grid for various generationdispatch at Holyrood. In

response,Operationshighlightedvariousvaluesofgenerationfor which Holyrood

units will be requiredfor MWs (refer to AppendixD). Using theselimiting

values, correspondingAvalon loads were determinedwhich represent the

maximumpower which would be required to be delivered from the western

network. Thesevaluesaresummarizedin Table3.1 andarebasedonAvalonload

of 43 % of systemload (lesslosses).

TABLE 3.1
Maximum Power Transfer Requirements

Under Maximum Hydraulic Conditions for
Various GenerationDispatch at Holyrood

Unit No. 1 ON (165 MW) 1022 440 20 420

UnitNo.20N(165MW) 1187 510 20 490

Unit No. 3 ON (150MW) 1337 575 20 555

11
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3.3 Initial Evaluation

Prior to proposingalternativesto mitigateor eliminatevoltageproblems,it was

necessaryto identify loads and generationdispatchthat would resultin voltage

problems. In order to accomplish this, a reference load was required for

comparisonpurposesin additionto somepreliminary load flow analysis.

3.3.1 Typical Load Shape

A load correspondingto the 1995 load for the Avalon Peninsulawas

determinedasillustratedin Figure3.1. This loadwasobtainedby utilizing

the 1994 actual daily peakloadsfor theAvalon (obtainedfrom the EMS

ArchivesData)andscalingit to 1995usingtheforecastedloadgrowthfrom

1994 to 1995. In addition, 27 MW wasaddedto representthe industrial

load (North Atlantic RefiningLtd.) at Come-By-Chance.

As can be seenfrom Figure 3.1, thereis a significant window between

March 31stand November30th when total Avalon loads are projectedto

be below365 MW. This is the periodduringwhich the systemshouldbe

able to operatewithout any generationat Holyrood (provided hydraulic

conditionsare sufficientto allow this operation).

12
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I
3.3.2 Preliminary Analysis of Existing System

Someinitial load flow analysiswasconductedtoidentify exactlywhatloads

and correspondinggenerationdispatchat Holyrood would result in low

voltages. The resultsof theseload flows are summarizedin Table 3.2.

Pleasenote that theseload flows do not considerthe loss of a 230 kV

transmissionline.

TABLE 3.2
Maximum Avalon Load Transfer Capability

for Various Generation Dispatchat the
Holyrood GeneratingPlant

Medium
(1)

Medium
(2)

OFF
SC
ON

OFF
(TL208 Out)

265
295
309

Medium
(3)

OFF
SC
ON

1 Unit ON
399
432
445

Medium
(4)

OFF
SC
ON

2 Units ON
508
543
560

Heavy
OFF
SC
ON

3 Units ON
613
644
653

OFF 282
SC OFF 310
ON 325
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As indicatedin Table3.2, themosttroublesomegenerationdispatchwould

be the caseof all Holyrood units beingshutdown. As indicatedin Table

3.1, it would be desirable to supply up to 365 MW of load for this

operatingmode. However, theexisting systemcanonly supply282MW

without the Hardwoodssynchronouscondenserand 310 MW with the

synchronouscondenser.

Again, the 365 MW load on the Avalon Peninsularepresentsthe limiting

or maximumloadwhich would beavailabletobe transferredfrom theWest

Coastwithoutanyunitson-lineatHolyrood. Sincethis is the mostonerous

generationdispatchfor existinglevel of compensation,it wasevidentthat

the identificationofmitigativeoptionstoeliminatevoltageproblemsfor this

generationdispatchwould be more than adequateto cover off problems

experiencedin situationswhengenerationis on at Holyrood.

Furtherto the resultsof Table 3.2, additional load flows werecarriedout

to determinethe maximumload whichmaybemet on the AvalonPeninsula

for a single 230 kV line out contingency. This analysiswas conducted

assumingno generationat Holyrood andthe availability of TL208 and the

LongHarbourcapacitorbank. Theresultsof this exercisearetabulatedin

Table3.3.
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TABLE 3.3
Maximum Avalon Load that may be met

for Various Line Out Contingencies
and Without Generation at Holyrood

TL203
OFF
SC
ON

TL207 (270)
TL207 (304)
TL207 (281)

254
286
304

TL207
OFF
SC
ON

TL203 (263)
TL203 (303)
TL203 (278)

248
285
301

TL237
OFF
SC
ON

TL203 (246)
TL203 (279)
TL203 (256)

259
291
309

TL2Ol
OFF
SC
ON

TL217 (160)
TL217 (180)
TL217 (161)

237
274
287

TL217
OFF
SC
ON

TL2Ol (158)
TL2O1 (177)
TL2O1 (160)

238
273
289

TL218
OFF
SC
ON

TL236 (88)
TL236 (102)
11236(96)

271
307
322

11236
OFF
SC
ON

11218 (78)
11218 (91)
11218 (86)

271
303
317

11242
OFF
SC
ON

TL218 (72)
TL218 (82)
TL218 (71)

270
309
324

16
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I __ 3.4 Mitigative Solutions

Subsequentload flow analysis was commencedto evaluate the transfer of a

maximumof 365 MW of load to theAvalon for four (4) alternativesas follows:

1) AlternativeNo. 1 - Thisoptionis an “all capacitor”optionwhich assumes

that both the HardwoodsGasTurbine and Holyrood Unit No. 3 are not

available. 11208and theLong HarbourTerminalStationare assumedto

be in service. The distributionof capacitorbankson the Avalon for this

alternativeis indicatedin Table3.4.

2) Alternative No. 2 - SameasAlternativeNo. 1 except11208 andLong

Harbourare assumedto be decommissioned.Again, the distribution of

capacitorbanksis givenin Table3.4.

3) Alternative No. 3 - Holyrood Unit No. 3 is utilized as synchronous

condenser(148 MVARs). In addition to the existing capacitors at

HardwoodsandOxenPond,a further 30 MVARs wasassumedfor eachof

thesestations(66 kV). TheLong Harbourcapacitorbank(24 MVARs) and

11208 are assumedto be in service.

4) Alternative No. 4 - SameasAlternativeNo. 3 excepttheLongHarbour

TerminalStationand11208are assumedto be decommissioned.

17



TABLE 3.4
Additional Capacitor Banks asRequired

for Alternatives No. 1 andNo. 2

No. 1

Total 58.4 226.6 285

OPD66 20 30 50

LHR66 24 26 50

CBC 13.8 - 10 10

HRD138 - 50 50

WAV 138 - 75 75

No.2

HWD66 14.4 35.6 50

OPD66 20 30 50

CBC 13.8 - 10 10

HRD138 - 85 85
WAV138 - 90 90

Total 34.4 250.6 285

18
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I
I _ 3.4.1 Initial Load Flow Results

I From a transfer capability perspective, all four alternatives are essentially

I equal. Analysis to datehas beenconcentratedon the alternativeswhich
utilize the Holyrood Unit No. 3 asasynchronouscondenseras it is felt that

I thesealternativeswould bemorepracticaland costeffectivetoimplement.

I The resultsfor the synchronouscondensercaseare summarizedin Table

3.5. As indicatedin this table, an additional30 MVARS of capacitorsat

I Hardwoodsaswell asOxenPondwill coveroff all contingenciesand allow

I for the required365 MW load to be met exceptin the caseof the lossof11202 or 11206.

In addition,thesetablesindicatethat the thermallimits of11206,11207,

11237and11203will beexceededfor a 150C ambienttemperatureandfor

certainline out contingencies.
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TABLE 3.5
Maximum Avalon Load Transfer Capability

for Alternative No. 3

No. 3 as SC
(78 MYARs)

OFF None None 365

No. 3 asSC
(147 MVARs)

OFF TL202 TL206 (375) [300] 346

No. 3 as SC
(111 MYARs)

OFF TL203 TL207 (398) [354]
TL237 (371) [260]

365

No. 3 as SC
(132 MYARs)

OFF TL207 TL203 (402) [230] 365

No. 3 as SC
(123 MYARs)

OFF TL237 TL203 (372) [230] 365

No. 3 asSC
(135MYARs)

OFF TL2O1 None 365

No. 3 as SC
(128 MYARs)

OFF TL217 None 365

No.3asSC
(101 MYARs)

OFF TL236 None 365

No. 3 as SC
(103 MYARs)

OFF TL218 None 365

No. 3 as SC
(100MYARs)

OFF TL242 None 365

Notes: 1) In addition to the HWD G.T. not being available, this analysisassumesthe existing
capacitorbanksat HWD andOPD are in service. In addition,a further 30 MVARs at
eachof thesestationsis assumed(asperpreviousCapitalBudgetProposals).

2) TL208 andtheLHR capacitorbank(24MYARs) areassumedto be in service.

3) Thevaluesin squarebrackets[ I underthe “TL Overload” columnrefersto thethermal
limits of thetransmissionline as in AppendixC.

20
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It should be noted thatwhile thesealternativesdo notutilize the Hardwoods

I Gas Turbine for normal operating conditions, it is assumed to be available

to complement the capacitorbanks during periods when Holyrood No. 3

I may not be available. In addition, its availability will facilitate a smoother

and more reliable conversion period when Holyrood Unit No. 3 isconverted from generator to synchronous condenser and vice versa.

Cost estimates for the four alternatives have beenrequestedand obtained

I from Engineering(refer to AppendixE). In addition, Engineering were

askedto investigateand costalternativeswhich mayalleviatetheproblem

with the thermallimits of thetransmissioncircuitsbetweenSunnysideand

WesternAvalon. Theresultsof this analysiswill form an integralpart of

I any recommendationscoming from this study.

Is
I

‘I
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~XESMLTS

Since the preparation of the “Interim PlanningReport” for this studyin June,it hasbeen

decided to utilize 35.6MVARs of capacitorsat Hardwoodsfor Alternative No. 3 and

AlternativeNo. 4 asopposedtothe30MVARs originallyproposed.This slight increase

in voltagecompensationin additionto existing capacitors,will provide 50 MVARs at

eachoftheHardwoodsandOxenPondTerminalStations. Subsequentloadflow analysis

was conductedusing the 50 MVAR values. The load flow results are discussedin

successivesections.

In addition, Aibright and Wilson Americashave been unsuccessfulin acquiring an

alternatesupplierof energyand, therefore, will continueto be a customerof Hydro.

Consequently,the futureof the Long HarbourTerminalStationandTL208 is no longer

anissue. As aresultofthis, thefour alternativesoriginally forwardedfor reactivepower

(voltage)supporthavebeeneffectivelyreducedto two (2) basicalternatives.

4.1 Technical Results

As discussedin Section3.4.1, all load flow analysisassumestheavailability of

Unit No. 3 at Holyrood for synchronouscondenseroperationor theHardwoods

GasTurbine in the absenceof the former. Unit No. 3 at Holyrood may not be

availabledueto aforcedorscheduledoutageordueto conversionfrom generation

to synchronouscondenserin thelate springor vice versain theearlyfall.

TheHardwoodsGasTurbinehaslessreactivepowercapability (40 MVARs) than

thatof theUnit No. 3 at Holyrood (148 MVARs) andis by no meansa substitute

for theHolyrood unit. However,in the eventof theunavailabilityof Holyrood,

Hardwoods,when utilized as a synchronouscondenserin combinationwith the

22



new capacitors, is capable of providing the desired 365 MWtransfer capability.

This of course is assuming all 230 kV transmission is available. Table 3.5 has

been updated to include this single contingency of the non-availability of Holyrood

asa synchronouscondenser.

Loadflows andcorrespondinganalysisindicatethatthe desired365 MW loadmay

be met for all but one contingencywhich is the loss of TL202 or TL206. The

maximumload transferablewith one of theselines outof serviceis 346 MW as

indicated in Table 3.4.

Alternative No. 1 and No. 2, in addition to 65.6 MVARs of capacitorsat

HardwoodsandOxen Pond,called for the installationof some 161 MYARs of

capacitorsatvariouslocationsontheAvalonPeninsula(seeTable3.3). Thesetwo

alternativeswere originally forwardedassumingthat HolyroodUnit No. 3 could

not be utilized as a synchronouscondenserand relieduponfor voltage support.

However,duringthe courseof this studythesetwo alternativeshavebeenviewed

lessfavourablythanAlternativesNo. 3 andNo. 4. Thereasonsfor this negative

viewpointareasfollows:

(i) utilization of Unit No. 3 as a synchronouscondenserwas favouredover

static capacitorssince the voltage supportprovided by the synchronous

condenseris self-regulatingwhereascapacitorsarenot;

(ii) Unit No. 3 atHolyroodis apotentialsourceofvoltagecompensationwhich

alreadyexistsandis favouredoverthecostsassociatedwith theinstallation

of an inferior sourceof voltage compensation(capacitors);and

23



(lii) Unit No. 3 at Holyrood was utilized and operated as a synchronous

condenser this summer from May 30th to September 20th and it provided

extra voltage support as well as savings in not having to turn ONa thermal

unit for MWs.

Eventhough thesetwo alternativeswere exemptedfrom further analysis, they

werecostedby Engineering. Thesecostsarediscussedsubsequently.

With respectto technicalresultsand as notedpreviouslyin Section3.4.1 and

Table3.5, thethermallimits ofTL202,TL206, TL203, TL207 andTL237would

beexceededfor certainline out contingenciesfor mediumloadsat a 150Cambient

temperature. Engineeringwere also requestedto cost various alternatives

associatedwith theeliminationof this thermaloverloading.

4.2 Cost Estimates and Alternatives

Engineeringwere requestedto provide cost estimatesassociatedwith terminal

stationsandreactivepowersupportaswell astransmissionlinesandtheir thermal

limitations(refer to AppendixE). Thesecostestimatesarediscussedindividually

in the following sections:
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4.2.1 Terminal Station Costs

As previously discussed, alternatives for reactive power support have been

reducedto two basic options due to the continuation of our industrial

customerat Long Harbour. Thecosts associatedwith thesetwo scenarios

are summarized in Table 4.1 and a brief discussion of each follows.

TABLE 4.1
Terminal Station Costs

$481,000 $406,000
35.6MVARsof 30 MVARsof Additional

No.2 Caps Caps l6lMVARsofCaps $3,887,000

$481,000 $406,000 $3,000,000

Option No. 1 - The main sourceof voltagesupportfor this option is the

utilization of Unit No. 3 at Holyrood as a synchronouscondenser.Table

4.1 providesthe costsassociatedwith anadditional65.6MVARs of static

varcompensationatHardwoodsand OxenPond. This compensationwould

be necessaryin conjunction with the voltage support provided by the

HardwoodsGasTurbine duringtimes whenUnit No. 3 is not available.

25
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OptionNo. 2 - The sourceof voltage supportfor this optionis primarily

that of static capacitors. A total of 161 MVARSof capacitors distributed

along the Avalon Peninsula will be required in addition to the 65.6MVARs

proposed for Hardwoods and Oxen Pond. Again, this option assumes

Holyrood Unit No. 3 cannot and will not be utilized for compensation.

As is evidentfrom Table4.1, OptionNo. 1 is by far lesscapitalintensive

thanthe “all capacitor” option.

4.2.2 Transmission Line Costs

As indicatedin AppendixE, four optionswererequestedfor costingrelated

tothe eliminationofthermaloverloadingofTL202,TL206, TL203,TL207

andTL237 during line outcontingencies.The costs associatedwith these

options are suppliedin Table4.2. In addition,a briefdescriptionof each

optionfollows in which the upratedthermalcapability is specified.
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ansmissionLine Options and Costs

Even though the thermal capability
will be 400 MVA, the desired load
of 365 MWcannot be met with the
loss of one of these lines due to
“bottle necking”. The maximum
load attainable with one of these
lines is 346 MW.

N~. 2
Thermal Uprating of
TL203, TL207 and
TL237

TL203: from 230 to 308
TL207: currently at 354
TL237: from 264 to 354

$900,000 TL207 can presently be operated at
750C.

No. 3
Thermal Uprating &
Reconductoring of
TL203, TL207 and
TL237

TL203: from 230 to 400
TL207: from 354 to 400
TL237: from 264 to 400

$4,001,000 Thermal uprating and
reconductoring will increase the
thermal capability of each line to
the desired 400 MVA(synonymous
with 365 MW).

No. 4
Construction of a
new 230 kV line
from Sunnyside to
Western Avalon

(see comment) $5,855,000 Adding a new line will eliminate
thermal overloading during single
line out contingencies.

Thermal Uprating of TL202: from 293 to 400 $200,000
No.1 TL202 and TL206 TL206: from 293 to 400
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Option No. 1 - This option includes costs associatedwith the thermal

uprating of TL202 and TL206 to operate at a conductor temperature of

750C. Thiswill increasethe thermalcapabilityofeachof theselinesfrom

293 to 400 MVA(which is equivalentto a 365 MWload on the Avalon

Peninsula). However, this desired load of 365MWcannot be met with the

loss of one of these lines due to “bottle necking”. As noted earlier, the

maximumloadattainablewith oneoftheselines out of service is 346 MW.

In order to increase the thermal capability to 400 MVA, series

compensationwill be required. Anotheralternativewould be to eliminate

thermaloverloadingby building an additional line from Bay d’Espoir to

Sunnysideor WesternAvalon. Both of these alternativesare capital

intensiveand werenot entertained.

Option No. 2 - The option includes costs associated with the thermal

upratingofTL203,TL207 andTL237tooperateat aconductortemperature

of 750C. As notedin Table4.2above,it wasdeterminedthat TL207 can

be operatedat 750C without modifications. The correspondinguprated

thermalcapability for eachof theselines would be as follows:

(i) TL203: from 230 to 308 MVA;

(n) TL207: currentlyat 354 MVA; and

(in) TL237: from 264 to 354 MVA.

Option No. 3 - This option includes all costs associatedwith the

reconductoringof TL203, TL207 and TL237 with Drake conductor

includingany thermalupratingthroughthe additionof mid-spanstructures

suchthat it may operateat a maximumconductortemperatureof 750C.

This thennal uprating and reconductoringwill increasethe thennal

28



capability of each line to the desired 400 MVA. (Again, 400 MVAand

365 MWare synonymous.)

OptionNo. 4- This optionincludesall costsassociatedwith the design and

construction as well as the purchase and installation of equipment and

materials for a new 230 kV transmission line from the Sunnyside Terminal

Station to the Western Avalon Terminal Station. Adding a new line will

eliminate thermal overloading during single line out contingencies.

Therefore, the 365 MWload requirement will be met.

4.2.3 Cost Alternatives

Thecostinformationsuppliedin Table4.1 and4.2wascombinedandused

to constructvariouscostalternativeswhichrepresentcoststo solveboththe

voltagesupportproblemsas well as the thermaloverloadingproblem. In

total, six (6) combinationswere realizedas indicatedin Table 4.3 on the

nextpage.

The thermalupratingof 11202andTL206 wasnot includedin Table4.3.

The reasonfor its exclusionis due to the fact that it doesnot aid in

increasingthe transfercapability of one of the lines when the otheris out

of service.
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Cost Alternatives Resulting from the East CoastVoltage Study

No. 2
35.6 MvARs

of Caps
$481,000

30 MvARs
of Caps
$406,000

Uprating &
Reconductoring

$1,866,000

Reconductoring

$345,000

Uprating &
Reconductoring

$1,790,000
$4,888,000

No. 3
35.6MVARs

of Caps
$481,000

30 MVARs
of Caps
$406,000

New Line

$5,855,000
$6,742,000

No. 4
35.6 MvARs

of Caps
$481,000

30 MVARs
of Caps

$406,000

Additional
161 MVARs

of Caps
$3,000,000

Uprating &
Reconductoring

$100,000

Thermal
Uprating

$0

Thermal
Uprating
$800,000

$4,787,000

No. 5
35.6 MvARs

of Caps
$481,000

30 MVARS
of Caps
$406,000

Additional
161 MVARs

of Caps
$3,000,000

Uprating &
Reconductoring

$1,866,000

Reconductoring

$345,000

Uprating &
Reconductoring

$1,790,000
$7,888,000

No.6
35.6 MvARs

of Caps
$481,000

30 MVARS
of Caps

$406,000

Additional
161MVARs

of Caps
$3,000,000

NewLine

$5,855,000
$9,742,000

30

0

35.6MvARs 30 MvARs Thermal Thermal Thermal
No.1 of Caps of Caps Uprating Uprating Uprating $1,787,000

$481,000 $406,000 $100,000 $0 $800,000



5.0 DISCUSSIONS AND RECOMMENDATIONS

Initially, at the onset of this study, the future of the Long Harbour Terminal Station and

TL208 was not known. This is due to the fact that the industrial customer at Long

Harbour (Albright & Wilson Americas) had indicated that they were seeking an alternate

supplier of energy to meet their requirements. However, throughout the course of this

studythis customerwas unsuccessful in obtaining another supplier and has indicatedthat

they will continue to be a customer of Newfoundland and Labrador Hydro.

Consequently,the equipmentat Long Harbourand TL208 will remainintact and its

futureis no longera concernof this study.

The initial phase of this study was concerned with the determination of actual load power

factors and the identificationof realistic operatingconditionsand contingencieswhich

would requiremitigativemeasuresto betaken. Fromconversationsheldwith Operations

personnel,it was ascertainedthat a 365 MW load is desiredto be supplied to the east

coast(Avalon Peninsula)without having any generationON at Holyrood. Subsequent

load flows determinedthatit wasthis operatingscenario(i.e. no generationat Holyrood)

which wasthemostonerousfor the existingsystemundernormaloperatingconditions.

It wasevidentthat evenwith all transmissionlinesin service,it is notpossibleto deliver

365 MW to the Avalon without generationat Holyrood. The load flow analysisalso

indicatedthermaloverloadingoffive transmissionlines (TL202, TL206, TL203, TL207

and TL237) for certainline out contingencies.

Theremainderof theanalysisconcentratedon the developmentof mitigativesolutionsto

permit thetransferofupto 365 MW to the Avalon and to eliminatethermaloverloading

for normal and single transmissionline contingenciesin the absenceof Holyrood

generation. Basedon this analysis,the following action items arerecommended:
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(i) Holyrood Unit No. 3 should beutilized as a synchronouscondenserduring periods

of light and medium loads occurring during late spring and early fall when

Holyrood is normally not generating power. With time and assuming that load

growthis positive,this window for nogenerationatHolyroodwill becomeshorter

and will eventually disappear. However, and until that time, it is desiredto

operatewithoutanygenerationatHolyroodandtoreapthesavingsof notburning

Bunker “C”.

(ii) It is recommendedthat additional static VARs (or capacitors)be installed at

Hardwoodsand Oxen Pond for voltage support. This compensationwill be

required to complementexisting capacitorsand the gas turbinefor thosetimes

whenUnit No. 3 is not available. Table 3.5 indicatesthe load suppliedto the

Avalon Peninsulawhen Holyrood Unit No. 3 is operatingas a synchronous

condenser.Furthermore,this tableindicatesthe samefor the casewhenUnit No.

3 is not availableand the HardwoodsGasTurbine is utilized as a synchronous

condenser.Again, the gasturbinewill beutilized asa synchronouscondenseras

back-upfor thosetimes when themajor sourceof compensation(Holyrood Unit

No. 3) is not available.

(iii) It is recommendedthat transmissionlines TL203, TL207 andTh237be:

(a) reconductoredwith Drakeconductorand thermallyupratedto operateat a

conductortemperatureof 750C (OptionNo. 3); or

(b) thermally upratedto operateat a conductortemperatureof 750C (Option

No. 2 in Table4.2).
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Reconductoringand upratingwill ensurethat the whole 365MW load (or 400
MVA) can be servedwithout experiencingthennal overload. Uprating alonewill

not provide the full 365 MW transfercapability but will provide a substantial

improvement over the current situation. The uprating of TL202 and TL206 is not

recommended since it does not facilitate the transfer of the 365 MWload during

a single line out (TL202 or TL206) contingency.

In conclusion,the aboverecommendationsaremitigative measuresintendedto improve

voltageson the eastcoastduringnormalandsinglecontingencyoperation. In addition,

the reconductoringand/orthermalupratingwill reduceor eliminatethermaloverloading

during singleline outcontingencies.

This study was mainly focussedon the improvementof voltageson the Avalon andthe

elimination of transmissionline thermal overloadingfor single contingenciesin the

absenceof Holyrood generation. Benefits of having the additionalcapacitorsare also

evidentfor multiple contingencies.Additionalload flow analysiswasconductedto obtain

flows for a doublecontingency(theunavailability of HolyroodNo. 3 asa synchronous

condenseranda singleline outcontingency).Theresultsofthis analysisare summarized

in Table5.1 and ascan be seenthe additionalcapacitorsat Hardwoodsand OxenPond

will providean extra40 to 50 MW transfercapability to theAvalon Peninsula.
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TABLE 5.1
Maximum Avalon Load that may be met

for Various Line Out Contingencies
and Without Generation at Ilolyrood

TL203
OFF
SC
ON

TL207 (270)
TL207 (304)
TL207 (281)

254
286
304

TL207 (328)
TL207 (350)
TL207 (320)

309
331
345

TL207
OFF
SC
ON

TL203 (263)
TL203 (303)
TL203 (278)

248
285
301

TL203 (320)
TL203 (347)
TL203 (328)

302
328
350

TL237
OFF
Sc
ON

TL203 (246)
TL203 (279)
TL203 (256)

259
291
309

TL203 (297)
TL203 (328)
TL203 (304)

309
337
355

TL2O1
OFF
Sc
ON

TL217 (160)
TL217 (180)
TL217 (161)

237
274
287

TL217 (193)
TL217 (212)
TL217 (193)

271
329
345

TL217
OFF
SC
ON

TL2Ol (158)
TL2O1 (177)
TL2O1 (160)

238
273
289

TL2O1 (191)
TL2O1 (210)
TL2O1 (192)

298
330
347

TL218
OFF
SC
ON

TL236 (88)
TL236 (102)
TL236 (96)

271
307
322

TL236 (106)
TL236 (115)
TL236 (115)

332
360
382

TL236
OFF
SC
ON

TL218 (78)
TL218 (91)
TL218 (86)

271
303
317

TL218 (92)
TL218 (102)
TL218 (97)

332
359
377

TL242
OFF
Sc
ON

TL218 (72)
TL218 (82)
TL218 (71)

270
309
324

31218 (89)
TL218 (100)
TL218 (89)

330
364
382
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EAST COAST VOLTAGE STUDY

TERMS OF REFERENCE

1. To establishloadrelatedparametersfor the Easternportionofthe Islandgrid such
as actualloadpowerfactors.

2. To identify thosenormaland contingentoperatingconditionswhich will havea
reasonableprobabilityofoccurringandwill, therefore,requiremitigationanalysis.

3. To determine,basedon the aforementionedparametersand for the identified
operatingconditions,limitations of the existingandproposedsystemssuchasthe
thermal capability limits of 230 kV transmission lines.

4. Toproposespecificremedialmeasuresor alternativestomitigateor eliminateany
voltageproblemsasdeterminedfrom the initial evaluation.

5. To evaluateeachof the alternativesfrom a technicaland/oroperatingpoint of
view and to reject any option which maybe inadequate.

6. To costthe remainingalternativesand to evaluatethem from an economicpoint
of view.

7. To recommend,basedon the outcomefrom a decisionmatrix, that alternative
which will be the optimum solutionto rectify existing and futureproblems.

PROCEDURAL METHODOLOGY

Existing System

An evaluation of the existing system will involve:

1. The acquisitionof information related to past operatingconditions and voltage
problemsasmaybeobtainedthroughdiscussionswith EGGpersonnelandanalysis
of EMS Archivesdata;
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2. The determination of an actual power factor for loads on the Eastern portion of the
systemthroughload flow andEMS dataanalysis;

3. The determinationof maximum power transfer capability on the Eastern
transmissionnetworkfrom BayD’Espoir for “expected”andcontingentoperating
conditionsthrough load flow analysis. This analysis will be performed with
considerationgivento thermallimits of existinglines for the following generation
dispatchand operatingsituations:

(i) theunavailabilityof any generationfrom Holyrood (including Unit No. 3
assynchronouscondenser);

(ii) the unavailability of the Hardwoodsgasturbine;

(ill) limited generationfrom Holyrood;

(iv) the lossof TL202 or TL206 betweenBDE and SSD;

(v) the loss of TL203 or TL237; and

(vi) the loss of TL2O1 or TL217 from WAY;

4. Thedeterminationof the futureapplicability of theLong HarbourCapacitorBank
(24 MVARS) to the EastCoastvoltageproblems;

5. Thedeterminationof the impactthat anyproposedmitigationtechniquemayhave
on the remainderof the Island grid.

In additionto acquiringinformation and determininglimitations of theexisting system,
this evaluationwill providethe timing for compensationasrequiredfor voltagesupport.

FutureSystem

Load flow analysiswill be conductedwith considerationgivento proposedgeneration
expansionprojectsto determinethe impactthat sequentialdevelopmentmayhaveonthe
EastCoastvoltagesandVAR requirements.Thepotentialprojectsare as follows:

NUGS (38 MW)
GraniteCanal
IslandPond
RoundPond
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St. John’s - SouthSideCombinedCycle (71.6MW)
GasTurbine
HolyroodlY

Evaluation of Alternatives - Technical

A number of compensationoptions will beevaluatedon a technicalbasis through normal
load flow and stability analysis.Theseoptionsmay includebutare not restrictedto the
following:

1. Capacitor banks;

2. Seriescompensation;

3. StaticVar Compensation(SVC);

4. Additional 230 kV transmissionline;

5. Statusquo (This will bea “do nothing” optionwith considerationgivento making
mitigativechangesto theexistingsystemin additionto proposedprojectssuchas
gasturbine addition,HolyroodIV, etc); and

6. Others - combinationof capacitorsandproposedgenerationadditions.
- thermalupratingofexistinglines.

During this evaluationprocess,eachalternativewill be rankedaccordingto its technical
suitability basedon certaincriteria such as: (i) the impact upon the electrical system;
(ii) the timeperiodof adequacy;and (iii) theorderof magnitudeof cost. Any alternative
which falls short of being adequatewill notbe givenfurtherconsideration.

Evaluationof Alternatives- Economic

Cost estimateswill be requestedfrom Engineeringfor thosealternativeswhich are
consideredto be technicallyfeasible. Thesecostestimatesandsubsequentcostanalysis
will determinethe optimumsolutionfrom aneconomicpointof view.
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APPENDIX B

POWER FACTORS



EAST COAST VOLTAGE STUDY

Power Factors for Various Loads

St. John’s .8029 0.9283

Avalon Peninsula .8062 0.9325 0.9575 0.80 0.930 0.95

Bum Peninsula .9320 0.9725 0.9840 0.930 0.975 0.975

Central .9614 0.9874 0.9770 0.96 0.975 0.975

Western .8818 0.9209 0.9750 0.880 0.920 0.975

GNP .9618 0.9445 0.9850 0.950 0.950 0.975

Bay D’Espoir .9238 0.9381 0.9900 0.920 0.930 0.980

NLH Customers .9686 0.9556 0.9750 0.960 0.960 0.960

Industrial
Nfld. Processing 0.8800 0.8779 0.8314 0.850 0.850 0.850

ABI-GFC 0.9863 0.9957 1.0000 0.990 0.990 0.990
Kruger 0.9900 0.9809 0.9685 0.975 0.975 0.975

ABI-SYL 0.9980 0.9985 1.0000 0.990 0.990 0.990
Royal Oak 0.9960 0.9940 0.9950 0.990 0.990 0.990

0. 9555 0.80 0.930 0.95
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EAST COAST VOLTAGE STUDY

Thermal Limits of 230 kV TransmissionLines

TL2O1

11202
TL203
11206

TL207
TL208
11217

TL218
11236

11237

TL242

175

200
155

200

175

200
190

200

200
175

275

260

300
230

300

260
300

275

300

300

260

420

325

370
285
370

325

340

340

370

370
325

525

Notes

:

1. Thecapacitiescitedabovearebasedona 500C conductortemperatureandambient
temperaturesof 300C, 150C and 00C correspondingtoperiodsof light, medium,
and heavyloads,respectively.

2. In the caseof two or moredifferent conductorsperline, the maximumtransfer
capacityof the smallestconductorwasevaluated.
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System Load Levels versus Holyrood Unit Operation

Units on and Capability Assumed System Load

Ooeratino
Hinds Lake 75 MW
Upper Saimon 84
Cat Arm 130
Bay YEspoir 580
Total 869

Stand—by
Stephenville s4
Hardwoods 54
Holyrood 10
Greenhill 25
Salt Pond 10
Total 153

NO UNITS ON AT HOLYROOD (NOT WINTER) 869

ONE UNIT ON AT HOLYROOD (NOT WINTER) 1022
Holyrood Unit 1 165

iWO UNITS ON AT HOLYRCOO (NOT WINTER) 1187
Holyrood Unit 2 165

THREE UNITS ON AT HOLYROOD (NOT WINTER) 1337
Holyrood Unit 3 150

THREE UNITS ON AT HOLYROOD (WINTER) 1383
Interruptible ‘B’ 46

Assumptions
1) No spinning reserve
2) Can meet load with loss of largest operating unit
3) All units available

RJH 04111/95




