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1 0. Provide copies of all benchmarking studies performed since 1992 relating to

2 electrical system or generating station performance.

3

4

5 A. Theonly benchmarking study performed was performed by Haddon Jackson

6 Associates, Inc. (HJA). Hydro engaged HJA in 2000 to do a benchmarking

7 study of all of Hydro’s hydroelectric generation (referred to Bay d’Espoir in

8 the report). This study entailed collecting a large range of data and

9 submitting it to HJA. This data was complied and analyzed by HJA along

10 with the data from 244 other stations or groups participating in the study.

11

12 Hydro is unable to provide the full text ofthe study results summary due to

13 confidentiality agreements with HJA and the other participants. However,

14 HJA has authorized the release of the study summary in a modified format to

15 exclude the confidential information. The report as modified is attached.
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Panel Composition
• HYDRO programincludes244 stations,comprisedof over950 units that representover75,000MW of installed

capacity.
• Participantsarepredominatelyfrom theUnitedStatesandCanada,butrepresentedcompaniesfrom aroundthe globe

from Europeto New Zealand.
• Thepanelof stationsis diversein size,typeof facility andage,andincludesa mix orrunof river, reservoirand

pumpedstoragestations.
• The244 stationsaregroupedinto approximately108 stationgroups.Studyresultsarepresentedon a stationgroup

basis.

Functions Benchmarked
• Thehydrobusinessis brokendowninto distinctfunctions.

-Operations -Buildings& GroundsMaintenance -PublicAffairs & Regulatory
-PlantMaintenance -Investment -EngineeringServices
-Waterways& DamsMaintenance -Support

Study Segmentation
• Thestudyresultsweresegmentedintovariousgroupingsthatwere flexible andchangedbasedon theareabeing

analyzed.
— For themostpart,segmentationis different for eachfunction.
- Driversthatdeterminedsegmentationwere: unitsizes,numberof units,age,stationgroupcapacityorhead.
- Segmentationwasultimatelydrivenby the costdistributioncurvesfor eachfunction.

Expected Costs
• HJAcannowpredictcosts-- with a highdegreeof certaintyusingourdatabase-- for theOperations,Plant

MaintenanceandWaterways& DamsMaintenancefunctions,basedon thespecificcharacteristicsof yourstation
group.

2
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Function CostSegments

First, We Separated Special Purpose Stations From the Others. Then the Remaining Stations Were Segmented Based on
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Findings

• Economiesof scaleareevidentoverall,andin mostof the functionalareas.Costcomparisonsrecognize
and addressthesestructuraldifferences.

• Whereeconomiesof scalewere present,costswereverycloselyalignedwith1h~ averagesizeof theunitsin
lb. atign..gtQu~,..and averagestationcapacity

.

• Ageof the stationshadasignificantimpact oncostsfor someof thefunctions.
• Thenumberof units in the stationgroupwasasignificantcostdriver.
• Costsfor specialpurposestationswereincomparableto conventionalhydrostationsin someofthe functions.

Group 2 Group 4Group 1 Grouo 3

~m~LHy~m

Average Station
Capacity less than

60MW

Average Station Capacity
equal to or greater than 60
MW but less than 700 MW

Large Hydra Stations

Average Station
Capacity equal to or
greater than 700MW All Stations with

Capacity Factors less
than 23%
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AVG HYDRO Total Cost Distribution
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Maintenance (11%)

Annualized Fixed Cost-(32%)

WW&D Maintenance (3%)
5&G Maintenance (2%)

Support (17%)

Public Affairs & Reg. (13%)

Operations (7%)
Plant Maintenance (11%)

WW&O Maintenance (4%)

B&G Maintenance (3%)

Support (13%)

Public Affairs & Reg. (30%)

[~P~LRUW~
Annualized Fixed Cost (31%) (~r~erations (7%)

Plant Maintenance (9%)WW&D Maintenance (2%)

B&G Maintenance (2%)

Support (12%)

Annualized Fixed Cost (32%)

Public Affairs & Reg. (12%)

OperatIons (17%)

Plant Maintenance (17%]

WW&D Maintenance (5%)

9&G Maintenance (4%)

Public Affairs & Reg. (36%) Support (13%)

II

• ...00005004

50504

.00 4

,0,..Os....ooo..ooo•.•.•o..l dd•••••

d~ / ~qq
~ / qq

111
,

-vi a

9



L
Study Overview

Bay D’Espoir Total Cost Distribution
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Bay DEspoir
(Medium Hydro)

Public Affairs & Reg. (0%)

Plant Maintenance (21%)

WW&D Maintenance (6%)

- B&G Maintenance (4%) -

Support (14%)

Annual. Fixed Cost (44%) Operations (10%)

10
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AVG HYDRO “O&M” Cost Distribution
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Support (38%)
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Bay D’Espoir “O&M” Cost Distribution
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Bay D’Espoir
(Medium Hydro)

Support (25%)

B&G Maintenance (8%)

WW&O Maintenance (11%)

Operations (18%)

Plant Maintenance (39%)
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Expected Costs
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With the Consolidated Data Base, We Can Now Predict Costs For Your Specific Stations,

For Operations, Plant Maintenance And WW&O Maintenance Functions

PlantMaintenance

02001 i~iJA Consulilnu

Reoression AnalysisAllows Us To Combine The Effects Or
The PrimaryCostDrivers into Equations That Predici
ExpectedMaintenance Costs With A High Dearee Or
~irIaLnIy~

Primary cost Driver
AVG unit Size

I

Primary cost Driver
capacity Factor

Calculating The Expected Cost For Your Station
Group Establishes A Reasonable Target Thai
Reflects Your PhysicalParameters Ana
Qoeratino Realities. Moreover. We Can Identify
The Gap Above Or Below The Expected Cost

.

All Co~Is Expressed In (iS Dollars 13
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Cost Performance By Station Group

• For eachstationgroupin thestudy,asummaryspiderchartcomparesthecostperunitofoutputfor eachfunctionto

the expectedcostsor the averageof the low-cost segmentleadersandthesegmentaverages.

• Foreachaxison thespidertheexpectedcosts,or thecostperformanceof the leadingquartilestationsfor that
segmentand the segmentaverages,aswell asthe actualcostsfor theStationGroupin questionaredisplayed.

- Participantstationgroupvaluesareidentifiedby an “X” on eachaxis.
— Expectedcostsareidentifiedby a “hollow box” on theappropriateaxes.
— Segmentaveragesareidentifiedwith a“solid box.”
- Averagesof the low-costquartilesare identifiedby a “hollow triangle” on eachaxis.

• Shadedareasidentify wherethefunctioncostperunit of outputexceededtheexpectedcostorsegmentaverage.

Performance I Improvement Opportunities

• An overviewof performanceat the functionlevel for key functionsis presented.

• Opportunitiesfor performanceimprovementarealsopresentedfor thesekey functions.Discussionsareat the

StationGroupor companylevel,asnecessary.

• Key functionsthat aresingled-outin this overviewfor performanceandimprovementopportunitiesinclude:

— Operations
- PlantMaintenance
— OtherMaintenance
— Investment
- Support
- PublicAffairs & Regulatory
- EngineeringServices 18
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Bay DEspoir
Function cost as compared to Leading Quartiles I Expected Costs I Averages

Operations
(CosIIMWN)

Buildings & Grounds
(Coal/Sq Meter)

Plant Maintenance
(Cost/MWH)

Waterways & Dams
(Coel/Un~)

Note: Shaded areas Indicate that function
costs exceeded expected costs or
segment averages.

Public Affairs & Regulatory
(coal/MW)

Support
(CoaWTE)

Investment
(Coal/MW)

X Bay D’Espoir

~ Expected Costs

U Segment Averages

e~ AVG - Leading Quartile

All Costs Expressed InU.S. Dollars 19
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Operations Benebmarking122!i~LTtNo
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Performance

Leader

Better Than
Expected

Expected

PoorerThan

Expected

Deficient

• Operationscostfor theBayDEspoirstationgroupwaspoorerthanexpected,exceeding
expectedcostsby about50%.

Therearespecialcircumstancesfor both theBay D’Espoir
stationsand , however:

- Not all thestationsin theBayD’Espoirstationgroup arefully automated.It is
recognizedthat theBayD’Espoir stationitself hasoperatorsin thecontrol room.

• HJA’s regressionmodelsfor operationspredictcostsbasedon fourprimarydrivers: automated
operationsvs. fully staffedon-sitecontrolroom,numberof units,averageunitsize andMWI-Is

generated.

Improvement Opportunities
• The BayD’Espoirstationgroupappearsto haveopportunitiesfor improvement.Otherleaders

haveshownthat:
— Eliminationof routinetechnicaloperatorstaffingat automatedremotefacilitieswill

takefull advantageof stationautomationandreducecosts.
If operatorsmustbepresentat automatedfacilities for risk orotherreasons,then
performancecanbesignificantly improvedby broadeningtheoperator’srole to
performotherfunctions,especiallyroutinemaintenancework. At theseleading
companies,multi-skilledandmulti-functionalworkersperformbothoperationsand
plantmaintenancefunctions.

Performance Score

21
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Performance / Improvement Opportunities.

Plant Maintenance

Leader

Better Than
Expected

Expected

Poorer Than
Expected

Deficient

Performance Score

Performance
• BayD’Espoir stationgroupcostperformancein theSmall/Medium<45 Yrs. Old segmentwas

poorerthanexpected,with costsabout28%abovethatpredictedby themodels. Theservicelevel
measure[combinationof equivalentforcedoutagerate,equivalentavailabilityandforced outage
ratetrend]wasaboutaverageandplacedjust aboutin themiddle of thegroupwhenorderedfrom
high to low. This resultsin anoverall performancescorethatwaspoorerthanexpected.

• HJA’s regressionmodelfor plantmaintenancepredictcostsbasedon fourprimarydrivers: age,

averageunit size,MWHs generatedandnumberof units.

Improvement Opportunities
• For BayD’Espoir,overall plantmaintenancestaffinglevelsarehigherthantheleaders,resultingin

higheroverall costs. Leadershavereducedmaintenancecostswith the following strategies:
- Reducinglayersof management(flatter organization)andincreasingworkforceflexibility

is key to goodcostperformance.Leadershavelearnedthat traditionaldisciplineoriented
work groups(i.e., operators,electrical,mechanical,protection& controls,general
maintenance,etc.)with rigid craftboundariesincreasescosts.

— OtherLeadershavepurposelyestablishedplant maintenancestrategiesthatminimizeday-
to-daymaintenancestaffinglevels,andsubsequentcosts,in favor or periodicinfusionsof
capitalfor stationmaintenance.In certainareas,theremaybe opportunitiesfor
consideringthis approach.

— Maintenanceappearsto be performedprimarily basedupontime-basedcycles. Leaders
aregenerallymovingtowardcondition-basedassessmentsor triggers.

/

HYDRO~fJjf4>
BenchmarkingLZ~ULTING

02001 WA consuttlnq
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Leader

Better Than
Average

Average

Poorer Than

Average

Deficient

Performance
• WW&D maintenancecostsfor boththeBayD’Espoirstationgroupand

higherthanaverage.BayDEspoircostswereabout55%higherthanexpectedby our
regressionsmodels,

were

- BayDEspoirstationgroup,however,hadthreetimes thedamsurfaceareathanthe

nexthigheststationin its segment.

• HJA’s regressionmodelfor waterways& damsmaintenancepredictscostsbasedon four
primarydrivers:singleormultiple stations,numberof units,weightedaverageheadanddam

surfacearea.
• Buildings& GroundsMaintenancecostswerepoorerthan averagefor bothstationsin the

program,with bothstationsplacingin thehighestcostquartile.

QIJABILLfl
AVG CostofDataBase
LowestCostQuartile
Lower-Mid Quartile
Upper-MidQuartile
HighestCostQuartile

~ILiq~M.
$30.70

$4.64
$16.46
$32.78
$67.96

Improvement Opportunities
• ForbothBay lYEspoirand in WW&D maintenance,configurationalissues(high

numberof largedams)appearsto be driving thecostshigherthandatabaseaverages.

FortheBayD’Espoirstationgroup,thesameissuesidentifiedin plant
maintenance(flatter organization,flexible workforce,reducedmaintenancestrategiesin favor

ofperiodicinvestmentmayoffer opportunitieshereaswell).

WW&O 8&G Maintenance

Maintenance

Performance Score
23
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Performance
• TheaverageinvestmentspendingperMW capacityoverthelastfive yearsfor theBay

D’Espoirstationgroupwassignificantlybelowdatabaseaveragesfor stationsof similar

age(about65%below average).

• The profile for theexpenditures,concerningwherethemoneywasspent,wassimilar to the
segmentaveragesfor theBayD’Espoirgroup,butsignificantlylower.

GenEquipS/MW ~

WW&D S/MW
B&G S/MW
P/F&WiId S/MW ~
TOTAL

l~~o~yii:~ I
~ ~‘-~ Bay D’Espoir

87
91
166

1961

Improvement Opportunities
• SincebothN&LH and arespending,onaverage,significantly

lessthanotherparticipants,especiallyin thegeneratingequipmentarea,needed
investmentsonstationequipmentmaybegoingunmet. Continuedlow investment
spendingon thesestationscouldjeopardizethestatusin theotherfunctions(impacting

O&M costs),asneededplantinvestmentsareoverlookedordelayed.

5 Yr. Spending Pattern

Highest

Above

Average

Average

Below
Average

Lowest

Etay u~apolr

24
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Support
HYDR0
Benchmarking i coNn)LTINO

0 2001 NJA Consulting

Performance

Leader

Above
Average

Average

Below

Average

Deficient

Bay DEspair

Performance Score

• Supportcostsfor theBayDEspoirstationgroupwas$26,183perstationFTE. Thiscomparesto
anoverallaverageof $32,795for thedatabaseandresultsin aboveaverageperformance.

• Expressedasapercentof “O&M”costs (minusPA&R), BayD’Espoirsupportcostsaveraged

about25%, Thedatabaseaverageof for all

stationswas32%. CostPerStationFTE

FleetServices
Purchasing
Materials/Warehouse
Acctg./Budgeting
Legal
HumanResources
InformationServices
Train& Safety
Security
Corp. Mgt/Staff/Facil.
Telecommunication
Other(Not Identified)
TOTAL

Improvement Opportunities

Ax~ng~
2,448
1,116
2,614
5,530

843
3,035
3,329
1,514

965
6,250

573
4,579

32,795

ll~DL~ix
0

1,182
2,363
2,954

0
295

0
295

2,363
0

.0
16,731
26,183

• Giventhecurrentlevelsof supportcostsforboth theBay lYEspoirstationgroup~
theredoesnotappearto beanysignificantopportunitiesfor improvement.However,other

leadershaveshownthat thefollowingpracticescanreduceoverallsupportcosts:

- Leadershaveshownthatimprovedvisibility andcontroloversupportcoststhatare
passedon to thehydroprojectsis thefirst stepin gettingahandleon costs.

- Flattenedmanagementstructuresfor supportservicesproviderorganizationshave

eliminatedbureaucracyandreducedcostsfor someutilities.

- Sharingof supportserviceswith otherorganizationscanreduceoverallsupportcosts.
- Decentralizingandmovingcertainsupportservicesto theline organizations(i.e.,

purchasing,warehousing,humanresources)decreasedoverallcostsandincreasedthe

level of usersatisfactionandcontrolof theserviceatotherutilities.

F
I

25
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Public Affairs & Regulatory
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Performance

7

—
Bay 0 Espolr

Performance Score

• PA&R costsfor boththeBayD’Espoirstationgroup wereamongthe
lowestof anystationsin ourhydrodatabaseandbothplacedin thelowestcostquartile.

• Environmentalcompliancerelatedcostsappearto be theonly majorPA&R issueimpacting
bothBayD’Espoirand

Visitor Cntr,Parks,Rec
Fish/WildlifeOps
Fish/WildlifeStudy/Analy
Relicensing
RealEstateManagement
EnvironmentalCompliance
FERC& Reg Fees
Taxes
WaterUsageFees
Other
TOTAL

% S/MW
0.0% 0
0.0%. .0
0.0% 0
0.0% 0
0.0% 0
97.2% 97
0.0% 0
0.0% 0
0.0% 0

Improvement Opportunities
• Giventhelow level of expenditures,theredoesnotappearto beanysignificantpotential

for improvement.
• For thefuture,however,othershaveshownthatproactiveandaggressivemanagementof

PA&R activities,limiting futureconamitmentsis essential-- especiallyin thefish and
wildlife areas.Companieswith thehighestPA&R costsarethosethatpaywater
rental/usagefees,followed notfarbehindby thosethatareimpactedby fish andwildlife
issues.BothN&LH and shouldattemptto limit future
commitmentsin thefish andwildlife areas.

Leader

Above

Average

Average

Below
Average

Deficient

26
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Engineering Services
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• BayDEspoirstationgroupengineeringexpendituresweresomewhatbelowaveragein
theirsegment($75,055perunit vs. a segmentaverageof $84,282),

• Theprofile of BayD’Espoir engineeringexpendituresweresimilar
to databaseaverages,with theexceptionof plantmaintenanceandinvestment.More
engineeringdollarswentinto plantmaintenancethaninvestment.Theseresultsare
consistentwith thelow investmentspendingillustratedonpage24.
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Improvement Opportunities
• Engineeringservicesexpendituresappearto parallelthelow level of investment.No

significantopportunitiesidentified.
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