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Preface

The goal of the U.S. Departmentof Energy(DOE) FederalEnergyManagement Program(FEMP) is
to facilitate energyefficiency improvementsat federalfacilities. This is accomplishedby a balanced

J programof technology development,facilityassessment, and use of cost-sharingprocurementmechanisms.
Technology developmentfocuses upon the tools, software,and proceduresused to identifyand evaluate

energyefficiency technologies and improvements. Forfacility assessment, FEMP providesmetering
equipmentand trainedanalysts to federalagencies exhibitinga commitmentto improveenergyuse
efficiency. To assist in procurementof energy efficiencymeasures, FEMP helps federal agencies devise
and implementperformancecontractingandutility demand-sidemanagementstrategies.

PacificNorthwestLaboratory(PNL) _°)supportsthe FEMP mission of energysystems
modernization. Underthis charter,theLaboratoryand its contractorsworkwith federal facility energy
managers to _ssess and implementenergyefficiency improvementsat federal facilities nationwide.

The Soutl,;CiesternDivision of the Naval Facilities EngineeringCommand,in cooperationwith
FEMP, has tasked PNL with developinga plan for implementingrecommendedmodifications to the Naval
Computerand TelecommunicationsStation (NCTS) cogenerationplant at the Naval Air Station North
Island(NASNI) in SanDiego. That plan is detailedinthis repor*..

(a) Pacific Northwest Laboratory is operatedby BattelleMemorial Institute for the U.S. Department
of Energy under ContractDE-AC06-76RLO 1830.

°..

Ul



Executive.Summary

The SouthWesternDivision of theU.S. Navy's Naval FacilitiesEngineeringCommandtasked
Pacific NorthwestLaboratory(PNL) withdevelopinga plan for implementingrecommendedmodifications
to the Naval Computerand TelecommunicationsStation(NCTS) San Diego cogenerationplant atNaval
Air StationNorth Island (NASNI) in San Diego. The plan outlinesthe stepsto be executed to achieve the
operationgoals identifiedin a previousengineeringand economics study of the cogenerationplant at NCTS
San Diego. The U.S. Navy's majorconcernis to providereliable,cost-effectiveprimaryand backup
electricaland thermal power to the NCTS facility. It shouldbe notedthat the loss of eitherpower source
resultsin a shutdownof the facility's computeroperations.

Specific recommendationsforachieving operationgoals includethe following:

• EnergyManagementand ControlSystem

- Retrofitor replace various isolation valvesthroughoutthe piping systemwith motorizedvalves;
installrequiredrelays,conduit,andcontrolcablestoallowtheexistingenergymanagementand
control system (EMCS) to communicatewith the newlymotorizedvalves.

- Install a pipe tap, isolation valve, and pressuresensor in the Public Works Center San Diego
(PWCSD) steamfeed line to allow the EMCS to sense a loss of steam pressure requiringactivation
of the engine/generatorsets as a backup heat source.

- Install control relays to allow the EMCS to start and stop operation of the chillers.

- Installcontrolrelays to allow theEMCS to startand stop operation of the engines.

- Install a modemin the NCTS workstationand a remoteworkstationat a location to be designated
by PWCSD to allow for remotetrouble reportingand system monitoring.

- Reprogramthe existing EMCSto allow formonitoringof plant performance,grid steam pressure,
and steam/hot waterheat exchangerperformance with chiller/pump/coolingtower switching,
enginestartup,andremote alarm notificationas needed.

- Tie into theexistingcircuitbreakersin the '°T" and '3qT" electricaldistributionsectionsto allow
control of the circuitbreakersunderemergencygenerator operationto matchelectricalloadto
generator capacity.

- Install an uninterruptiblepowersupply (UPS) at the NCTS EMCS and atthe remoteworkstation
to ensurecontinuedEMCS operation in the eventof loss of electrical powerto the workstations.

• Engines

- Replacetheenginecontrol_d ignitionpackage.



- Install electricjacket water heatersto maintain the engine blocks at the recommendedtemperature
for reliable starting.

, ElectricaiSwitchgear

- Sequencethe relays controllingthe switchgear.

• Air PollutionControlDistrict

- Retain the servicesof a finn experiencedin dealingwiththe local AirPollution Control District
(APCD) to gaintheEmissionReductionCreditsfor bankingor sale.
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1.0 Introduction

A cogenerationplantwas includedin theoriginaldesignandconstructionof Building 1482, Naval
Computerand TelecommunicationsStation (NCTS) San Diego, as part of MilitaryConstructionProject
P-261 at the Naval Air StationNorth Island (NASNI) in 1986 (Gifford1982). The U.S. Navy Public
Works Ceater San Diego (PWCSD) manages, operates, and maintains the plant undera Memorandmnof
UnderstandingwithNCTS. The cogenerationplant suppliesNCTS with primaryelectricalpower for one
of its distributionbuses and thermalpower for the absorptionchillerplant. Backup electricalpower and
power forthe second distributionbus is providedby the PWCSD electricalgrid supplied by San Diego Gas
& Electric (SDG&E). The PWCSD steam grid, suppliedby AppliedEnergyIncorporated(AEI), provides
backupthermal power.

The cogenerationplant consists of four 650-kW Caterpillarengineswith waste-heat recoveryfrom
the enginejacket, exhaust, and oil. The enginesareoperatedas rich burn,using natural gas with a propane
backup fuel supply. Hotwater fromthe exhaust gas heat recoveryboilers is used for cooling via three
Carrierabsorption chillers, reheat, and domestichot water. Each of the engine exhausts is equipped with
two catalytic convertersin series to reduceemissionsto acceptable levels.

Two engines can supply eitherall or most of the absorberload for one chiller,dependingon the
cooling load. ff more absorber heat is needed,it is providedby the PWCSD steam loop througha
steam/hot water heat exchanger. Threeenginescan supply the entireload of a single chiller with excess
heat dumpedto the cooling towers.

Since the plant was broughton-line, a new long-termsteam contract has been signed with AEI,
which operates several cogenerationsites for the U.S. Navy at San Diego. Accordingto that contract, the
U.S. Navy must purchase a minimum of 73 million pounds of steam per month. This amount is well above
the maximum demand encounteredduringthe threeyears in which the contract has been in place. Credit is
appliedto the bill for condensatereturned. Creditis also given for electricitythat is generated with excess
steam.

The U.S. Navy has upgradedits electricaldistributionsystem to receivepower from SDG&E at 69
kV, enabling it to purchase powerat the transmissionrate with lower unit prices instead of the distribution
rate they were previouslyon.

The Building 1482 electrical and cooling systems arecurrentlynot fully loaded because of the
continuing miniaturizationof computers.The ongoing consolidationof U.S. Navy Commands,however, is
resultingin the transition of additional functions to NCTS San Diego. Ultimately, this consolidation will
place additional demands on the electrical and thermalsystems at Building 1482.

The SouthWesternDivision of the Naval Facilities EngineeringCommand was commissioned by
PWCSD to contracta studyof the economicand engineeringoptions for continuingto operate,replace,or
discontinueNCTS cogenerationplant operation.

The study, performedby Pacific NorthwestLaboratory(PNL) and documentedin Analysis of
Operating Alternatives for the Naval Computer and Telecommumcations Station Cogenerat_onFacility
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at Naval Air Station North Island, San Diego, California (Parkeret al. 1993), evaluatedthe plantfor the
following:

1. IF theplant is economicallyfeasible to operate,eitherfull- or part-time,THEN whatimprovements
can be madeto optimizeits operation?

2. IF theplant is not economicalto operate,THEN whatlevel of cost reductionis requiredto
make it economical?

3. IF modificationscan maketheplant feasibleto operate,THEN whatspecific stepsmust be
taken to implementthose modifications?

4. IF theplant cannotrealisticallybe madefeasibleto operate,THEN what is thebest optionfor
providingbackupelectricalandthermalpowerto tenants?

The studyevaluatedthecos*_sof plantoperationsandmaintenance(O&M) undera widevarietyof
options. Optionsinvestigatedincludedvaryingthedailytimeperiodtheplantis operatedand repairingor
replacingthe plant's engines. The studyconcludedthat:

• The plant is not economicalto operatebecausethe O&M cost to manthe plantto meet U.S.
Navy specificationsexceedtheenergysavingsachievedby theplant.

• Laborcosts wouldhave to be reduceddramaticallyfortheplantto be economicalto operateby
convertingtheplantto unmannedoperation. Unmannedoperationis unacceptableto PWCSD
managementbecauseof the criticalnatureof the NCTS load.

• Question3 is not applicablebecausethe plantis noteconomicalto operate.

• The electricalplantshouldbe convertedto operateas an emergencygeneratorplant to provide
power in the event of grid powerloss andas a backupthermalsource for thechillerplant in
the event of grid steamloss. It was furtherrecommendedthatthe chillerplant be modifiedto
allow for reliable,unmannedoperation.

Plant conversionto unmannedoperationwill not only improvethe economicsof providingutility
supportto NCTS, butwill freePWCSD maintenancemanpowerto performotherduties. Because of the
cost to hireserAce contractorsforfunctionstheU.S. Navy doesnot have the manpowerto perform,and
the limitations on hiringadditionalpersonnel, the abilityto transfer the billets will provebeneficialto the
U.S. Navy.

This reportcontains threemajorsections. In Section2.0, issues concerningthe cogenerationplant's
currentdesign and the proposedmodesof operationarereviewed. Modificationsto the cogenerationand
chillerplantsrequiredto implementthe recommendationsinthe initialPNL report are outlined in Section
3.0 (Parkeret al. 1993).
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2.0 Issues

The major concernof PWCSD with regardto this cogenerationplant is to provide reliable,cost-
effectiveprimaryand backup electrical and thermalpower to NCTS. If either power source is lost, the
facility'scomputeroperationsshutdown. The electricalpower source is backedup by an uninterruptible
power supply sized for 15minutesof operation. If cooling is lost, the computersmust be shut downto
preventdamagefromoverheating.

NCTS has two internalelectricalpowerdistributionbuses - technical(T) and nontechnical(NT).
Currmtly,thecoge. _rationplantprovidespriam3"electricalpowerfor theNT bus and thermalenergyfor
the he__tin_.ventfiatins,andair-conditioning(HVAC) systemanddomestichot water. Powergeneratedby
thecogenerationplantbeyondthatneededby the NT bus is fed back out to thePWCSD grid. The
PWCSD electricalgrid providesprimarypower forthe T bus.

Undertherecommendedoption,thePWCSD electricaldistributiongrid will supply primary
electricalpower andthe PWCSD steamgridwill supply primarythermalpower. Backup powerwill come
fromthe existingcogenerationplantoperatingin an emergencygeneratormode forboth electricaland
thermalpower.

r
The electricalsystems must be modifiedto do the following:

• Onloss of gridelectricalpower, disconnectthe NCTS facility fromthegrid,startthe
engine/generatorsets, and makeelectricalconnectionsrequiredbetweenthe T, NT, and
generatorbuses. When gridpower is restored,thisprocess shouldbe reversedto returnthe
fac ty tothegrid.

The thermalsystemsmust be upgradedto performas follows:

• Providereliable,unattendedoperationof the chiller plant and steam/hotwater heat exchanger plant
to supplyboth chilled and hotwaterto meetNCTS loadsby monitoringdifferentialtemperaturesof
chilled andhot water, startupand shutdownof chillers and heat exchangers, and cycling valves. The
PWCSDsteam gridwill supplyprimarythermalpower.

• Upon loss of grid steam pressureor failure of the heat exchangers to providesatisfactory hot
water,activate the engine/generatorsto providerequiredthermal powerto the chillers, heat and
reheatcoils, and domestichot water heaters.

2.1 Modified Generator Scenarios

In the previous analysis report(Parker et al. 1993), 19 alternative scenarioswere analyzed and
comparedon a life-cycle cost basis to determinethemost cost-effective approachto the operationof the
cogenerationfacility withtherequirementfor continuousbackup of electricand thermalsystems at the
NCTS. That analysis concludedthat the cogenerationfacility shouldbe convertedto an emergency
generatorfacility providingboth electricand thermalbackup.
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Betweentheconclusionof theanalysis reportandduringtheproportion of this implementationplan,
additionalinformationwas obtainedthataffects the technicalfeasibilityof the recommendedscenario. In
furtherdiscussionswith SDG&E about the interruptiblerateoptions, it was concludedthatRate Schedule
I-3 was not designedforemergencygeneratoroperationandcannotbe properlyemployed at NASNI.
SDG&E didrecommenda new experimentalrateoption- Rate ScheduleLR. This option is designedto
use customer-ownedemergencygeneratorsto reduceSDG&E'ssystempeak. Thisnew rate optionis
discussed ingreaterdetailin Section 2.1.3.

Insteadof the interruptiblerateoption,testingof the emergencygeneratorscan be scheduledto
coincidewith the SDG&E systempeak using a peak-predictionservicealreadyutilizedby PWCSD. This
scenario,Scenario20, is discussed in Section2.1.2, as well as additionalScenarios21 and 22 in Sections
2.1.3 and 2.1.4, respectively.

2.1.1 Scenari_ 14: Convert Plant to Emergency Generator Status

UnderScenario14, discussed in Parkeret al. (1993), the cogenerationfacility is convertedto an
emergencygeneratorfacility. SDG&E providestheNCTS facility with primaryelectricenergyandthe
AEI steamplantprovidesprimarythermalenergy. The emergencygeneratorsystemis automatically
startedif an interruptionoccurs in theelectricpowersupplyor the steamsupply.

The existingenginesare repairedto reliableoperatingstatusas automatic-startemergency
generators. Repairsinclude new load-sharingand speedcontrols,new air/fuel ratio controllers,and
additionalrepairsas outlinedin Parkeret al. (1993). The coolingtowers are used to provideengine
cooling.

The emergencygeneratorsare testedunderno-loadconditionsapproximately 1 hour each week and
underfull load approximately I hour each quarter. Full-load tests are accomplishedthrough
interconnectionto the electricgrid. Load banks are not required. The emergencygeneratorfacility is
staffedby one watch stander(WG-11 or equip,dent)whenthegenerators are operating.

Part of theexisting cogenerationgaff's responsibility is to monitor and operate the central chilled
water facility. Because the plant is not staffed continuously, the chilled water system is equipped with
automatedvalves and controls to operate the plant and respond to equipment failures. Should a chiller,
coolingtower, or pump fail, the control system shuts downthe failed component and automatically starts
another. The new system is an expansion of the existing Johnson Controls system that currently monitors
and controls the I-IVACsystem.

2.1.2 Scenario 20: Shave Peak Demand by Coordinating Maintenance Testing With
SDG&E System Peak

Under this scenario, the cogenerationfacility is modifiedas in Scenario 14 above. In addition,
PWCSD tests the emergency generators, as required by the NCTS client, to reduce the NASNI electric
demand at the time of SDG&E's system peak, thereby reducingthe billed demandunder the existing
SDG&E Rate Schedule A6-TOU. PWCSD presently uses a call-in service each day that predicts when
and if SDG&E will experience a monthly system peak. The call-in service is usually available by 10:00
a.m. each weekday; system peaks usually occur in midaftemoon during the summer and in early evening
during the winter. PWCSD's experience with this service has been 75% effective in predicting SDG&E's
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system peak anddemandshedding2 h/d, 3 d/tooduringthe summerbillingmonthsand I h/d, 3 d/mo
duringthe winterbillingmonths.

The emergencygeneratorsarctested weekly asnotedin Scenario14. Also, as with Scenario14, the
generatorfacility is not staffed duringnormaloperation. The emergencygeneratorfacility is staffed by one
watch render OVG-II or equivalen0 when theengines arc loadtested.

2.1.3 Scenario 21: Utilize SDG&E Interruptible Rate Schedule LR

Underthis scenario,the coscnerationfacility is modifiedas in Scenario 14 above. In addition,
PWCSDincorpora_ theSDG&E experimentalRate ScheduleLR, Option1. This rateoption providesa
monthlycredit to the electricutilitybill based on theamountof electricload reductionestablishedin the
contractwith SDG&E. In return forthis credit,PWCSD agreesto operatethe emergencygenerators,at
SDG&E'srequest,to reduce SDG&E'sload. Underthis rateoption,notice to initiateload reductionis
givenby means of a contactclosureat thecustomersite. In this scenario,the contractload reduction
demandis equalto 2,400 kW (fourengines at 600 kW each). Thereis a creditfor overgeneration
($1.03168/kWh)anda penalty for undergeneration($16.50688/kWh)duringthe periodof contactclosure,
althoughcreditscan be builtthroughprogramparticipationthatreducetheapplicationof the penalty.
Thereis also a penaltyfor operatingthe generatorsanytimeotherthanduringthe contact closure period
($0.0344/kWhfor up to 15hours per billingperiod;$0.1720/kWh thereafter). If SDG&E cannotprovide
powerto the facility, as inthe case of a blackout,this last penalty is waived.

SDG&E endeavorsto limitrequiredoperationunderRate ScheduleLR to a maximumof 80 h/yr.
The averagein recentyears is 29 h/yr, althoughit did approach60 hours in 1993.

The emergencygeneratorsaretestedweekly as notedin Scenario14. Operationof the enginesfor an
SDG&E-directedinterruptiondoes, however,countas a quarterlyfull-loadtest. Also, as notedwith
Scenario14, the generatorfacility is not staffedduringnormaloperation. The emergencygenerator facility
is stuffedby one watchstander(WG-I 1 or equivalent)when the engines areoperating,which includes
duringloadtests and contactclosureperiods.

To utilizeRate ScheduleLR at the NCTS, NASNI will be requiredto changefromRate Schedule
A6-TOU to RateScheduleAL-TOU. Although theenergychargeis the same for each of these rate
scheduleoptions, there is a significantdifferencein the billingdemandstructureanddemandchm'ge. The
existingRate Schedule A6-TOUhas two demandcomponents: $0.95/kW-mo (summerand winter)for
noncoincidentpeak demand(NASNI peak regardlessof time-of-day)and $13.84/kW-mo (summer)and
$2.46/kW-mo (winter)for demandatthe timeof SDG&E'ssystempeak. The alternativeRate Schedule
AL-TOUhas the same $0.95/kW-mononcoincidentpeak-demandchargein additionto $11.4 l/kW-mo
(summer)and $1.86/kW-mo (winter)forpeak-demand(NASNI peak)duringthe on-peakbilling period.

Because the timeand valueof billed demandis not the samefor the two rate scheduleoptions,the
demandcharge(per kilowatt-month)cannotbe directlycompared. To facilitatethis comparison,Table 2.1
shows the demandcharges(nominalizedto the currentrate schedule)for bothrate optionsusing the NASNI
demandprofilesfor the past threeyearsand correctedfor thecogenerationsystemoutput(assumed 1,200
kW).

Table2.1 shows significantvariancebetween the two rate scheduleoptionsfrommonth to month.
Onan annualbasis, itappearsthatRate ScheduleAL-TOUholdsan advantageover Rate Schedule
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Table 2.1. Demand Charge Rate Schedule Comparison
.....

ActualDemand CorrectedDemand Peak-DemandCost

Period AL-TOU A6-TOU Billing AL-TOU A6-TOU AL-TOU A6-TOU Difference
(peak kW) (peak kW) Season (peak kW) (peak kW) (peak $) (peak $) (A6-AL I;), i

Jan 93 15,992 13,000 W(t) 17,192 14,200 31,977 34,932 2,955
Total for 1992 1,816,649 1,846,777 30,128

Dec: 92 14,969 10,551 W 16,169 11,751 30,074 28,907 -1,167

Nov 92 13,728 13,000 W 14,928 14,200 27,766 34,932 7,166
Oct 92 19,304 16,504 W 20,504 17,704 37,137 43,552 6,415
Sep 92 21,720 17,792 SO') 22,920 18,992 261,517 262,849 1,332
Aug 92 27,400 21,280 S 28,600 22,480 326,326 311,123 -15,203
Jul 92 25,344 21,312 S 26,544 22,512 302,867 311,566 8,699i , , i

Jun 92 25,936 22,056 S 27,136 23,256 309,622 321,863 12,241
May 92 28,160 20,368 S 29,360 21,568 334,998 298,501 -36,497

Apr 92 24,072 22,160 W 25,272 23,360 47,006 57,466 10,460
Mar 92 23,440 21,920 W 24,640 23,120 45,830 56,875 11,045
Feb 92 24,360 23,672 W 25,560 24,872 47,542 61,185 13,643

Jan 92 23,512 22,360 W 24,712 23,560 45,964 57,958 11,994
Total for 1991 1,984,898 2,119,985 135,087

Dec 91 24,168 21,696 W 25,368 22,896 47,184 56,324 9,140
Nov 91 22,904 22,616 W 24,104 23,816 44,833 58,587 13,754
Oct 91 22,264 21,544 W 23,464 22,744 43,643 55,950 12,307
Sep 91 30,824 24,256 S 32,024 25,456 365,394 352,311 -13,083
Aug 91 28,984 19,056 S 30,184 20,256 344,399 280,343 -64,056
Jul 91 28,336 27,544 S 29,536 28,744 337,006 397,817 60,811
Jun 91 25,600 22,560 S 26,800 23,760 305,788 328,838 23,050
May 91 28,328 27,800 S 29,528 29,000 336,914 401,360 64,446
Apr 91 17,840 15,504 W 19,040 16,704 35,414 41,092 5,678
Mar 91 18,152 16,200 W 19,352 17,400 35,995 42,804 6,809
Feb 91 22,880 18,464 W 24,080 19,664 44,789 48,373 3,584
Jan 91 22,208 21,640 W 23,408 22,840 43,539 56,186 12,647i

Total for 1990 2,058,375 2,181,957 123,582
Dec 90 20,440 15,048 W 21,640 16,248 40,250 39,970 -280
Nov 90 19,728 15,504 W 20,928 16,704 38,926 41,092 2,166
Oct 90 21,928 21,056 W 23,128 22,256 43,018 54,750 11,732
Sep 90 29,664 27,664 S 30,864 28,864 352,158 399,478 47,320
Aug 90 29,280 26,720 S 30,480 27,920 347,777 386,413 38,636

Jul 90 26,728 21,120 S 27,928 22,320 318,658 308,909 -9,749,,,

Jun 90 29,896 26,728 S 31,096 27,928 354,805 386,524 31,719
May 90 31,856 25,320 S 33,056 26,520 377,169 367,037 -10,132

Apr 90 21,024 20,592 w 22,224 21,792 41,337 53,608 12,271

(a) winter
Co) Summer
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Table 2.1. (contd.)

Actual Demand CorrectedDemand Peak-DemandCost

Period AL-TOU A6-TOU Billing AL-TOU A6-TOU AL-TOU A6-TOU Difference
(peak kW) (peakkW) Season (peakkVO (peakkVO (peak$) (peak $) (A6-AL $)

Mar 90 23,688 17,184 W 24,888 18,384 46,292 45,225 -1,067
Feb 90 22,944 19,032 W 24,144 20,232 44,908 49,771 4,863

L Jan 90 27_336 181792 W 281536 19_992 53_077 491180 -31897
P

Dec 89 251872 241672 W ......271072 251872 501354 63_645 13:291
Nov 89 23_568 20_376 W 24_768 211576 461068 53_077 71009
Oct 89 19_320 131352 W 201520 151552 381167 381258 91
Sep 89 35,376 25,776 S 36,576 26,976 417,332 373,348 -43,984

A6-TOU, although AL-TOU is significantly reduced in 1992 ($29,128/yr) compared to 1990 and 1991
($135,088/yr and $123,581/yr, respectively). This effect may be the result of PWCSD and NASNI efforts
in peak load shedding through u"tdizationof the call-in service noted earlier, although this is not conclusive.

2.1.4 Scenario 22: Utilize SDG&E Interruptible Rate Schedule LR

Scenario 22 is the same as Scenario 21 except Scenario 22 assumes only three generators (1,800
kW) operate although four generators (2,400 kW) are contracted with SDG&E, demonstrating the effect of
the penalty if one engine/generator fails.

2.1.5 Results

The results of the analysis for these new scenarios are provided in Table 2.2. Only the emergency
generators are considered in Table 2.2. The central HVAC and chiller plant energy, operations, and
maintenance costs are the same for each of these scenarios and, therefore, are not included. The analysis is
based on both technical and cost assumptions.

The technical assumptions are as follows:

• The emergency generators operate at 600 kW each.

• PWCSD operates four generators 2 h/d, 4 d/mo under Scenario 20.

• Testing is 75% coincident with the electrical peak under Scenario 20.

• PWCSD operates four generators an average of 29 h/yr during the SDG&E summer billing period
for interruption service under Scenario 2I.

• Although contracted for four engines, PWCSD operates three generators an average of 29 h/yr
during the SDG&E summer billing period for interruption service under Scenario 22.
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Table 2.2. Analysis of Emergency Generator Scenarios

....... Assumed Operating Schedule
Billing Season Scenario 14 ' Scenario 20 '"

Month ElecUic Natural Gas Full Load No Load Full Load No Load
_/engine) (h/engine) (h/engine) (h/engine),

W o 4 s o
Feb W W 1 3 8 0

Mar W W 0 ..... 5 ,8 o
Apr W S(b) 0 4 8 ...... 0
May S S 1 3 8 0
Jurl S S 0 5 8 0
Jul S S 0 4 8 0

Aug S S 1 3 8 0

Sep S S 0 ,,, 5 8 ..... 0
Oct W S 0 4 8 0
Nov W S 1 3 8 0
Dec W W 0 5 8 0,,,

Subtotal S S 2 ....... 20 40" 0 ..........

Subtotal W S I II 24 0

Subtotal W W I 17 32 0

Total All B All 4 48 96 .... 0

Natural Gas Analysis ......
Months Billing Season Scenario 14 Scenario 20

Per Year Electric Natural Gas Consumption Cost Consumption Cost
(therm#yr) (S/yr) (therm_yr) ($/yr)

,5 S S I_785 628 IIr697 4_115

3 W S 982 , 335 7,018 2t469

4 W ........ W 1_312 481 9,357 . 3,427
12 All All 4,079 1,444 17,493 10,012

ElectricAnalysis
BillingSeason Scenario14 Scenario 20

Months ElectricNaturaIGas Generator Savings Generator'" Savings

Per,year, , _kWh/yr) ($/yr) (kWh/yr) ($/yr)
5 S S .4,800 385 96,000 132_268

3 W S 2_400 147 57,600 16_.822
4 W W 2_400 147 76_800 .....22,430
12 All All 9_600 679 230,400 171,520

(a) Winter
(b) Summer
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Table 2.2. (contd.)

AssumedOperatingSchedule ......
....... "' Billing Season ....... Sc_aio 21 Scenario22

F..Load NoLoad FUnLoad No
, (h/engine) (h/engine) 0een_ne) ,,,0een_c)

"Jan w w o 4 o 4
, ,,..

Feb W W 1 3 1 3
Mar W W 0 5 0 5

, ,, ,J ,, ,, ,, ,,

Apr W S 0 4 0 4
,, i ,... .,,, q , ,

May S S 1 3 1 3
Jun S S 0 5 0 5

, ,,, , , , , ,

Jul S S 0 4 0 4
i i , ,,.,, ,.. , .,

Aug S S 30 3 30 3
,,,,,,| ,J ,, i , i , ,,,,

Sep S S 0 5 0 5
, , .., ,i j

Oct W S 0 4 0 4
, .,i , i ,,,,, , ,,

Nov W S 1 3 1 3
, ii ,,J ,, i ,,,, ,,,,,,,,

,Dec W W 0 5 0 5
,, , , ,,.

ISubtotal ....S S ...... 31 20 31 ...... 20. ,,, , , ,,

Subtotal W S 1 11 1 11
Subtotal W W 1 17 1 17

, ,, ,.,, | , , ,, , , .,.

Total All 'All 33 4'8' 33 48 ....
,, ,,

,, , Natural Gas .Amalysis ,
Billing Season Scenario21 Scenario22

,, , ,,., ,,

Months Electric NaturalGas Consumption Cost Consumption Cost
PerYear (therms/yr) ($/yr) (therms/yr) ($/yr) ,
, 5 S S 10_,265 3_612 72699 2_709

3 W S 952 335 714 251
4 W W 1,312 481 984 360

, ,, ,, ,

,!2 All All 12,529 4,428 9_397 3_320 ,

...... ElectricAnalysis ,,
Billins Season..... Scenario21 Scenario22

Months Electric NaturalGas ......Test' lnterruptibie Savings Test Interruptible Savings
perYear (kWh/yr)' (kWh/yr) ($/yr) _kWh/yr) (kWh/yr) ($/yr)

5 'S S 4,800 69,600 87_4.!9 4,800 52r200 (201,198)
3 .W S 2,400 0 49_031 2_400 0 49,031 ......
4 W W ,, 2_400 0 .....65_353 2,400 0 65_353
12 All . All .9,600 692600 201,803 9,600 52,200 (86,814)
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Table 2.2. (contd.)

Operations,, andCostAn ysi,
Scenario Total Staff O_¢1 Labor APCD Gas Electric Schod. Total Savings

(h/yr) Labor Cost Cost Permit Cost Savings Savings ($/yr)
(h/yr)__ ($/yr) ($/yr) ......($/yr) ($/yr) ($/yr) ($/yr)

14 208 208 2,000 4,3,27 1,060 1,444 680 N/A (8,151)
20 364 290 2,471 61033 11060 101012 1711520 N/A 151_944
21 324 241 31240 51014 11060 41427 20118,03 29,128 217_190
22 243 241 2,930 5,014 1,060 ,3,321 (86,814) ....29,128 (70,011)

• A summaryof thegeneratoroperatinghours (perengine)is shown atthe top of Table 2.2.

• Generatoroperationfor fuU-loadtests is performedon theNASNI electricgrid andresults in reduced
electricityconsumptionfromSDG&E.

• No demand savings result fromparticipationin the intermptibleRate Schedule LR.

• Natural gas consumptionfor full-loM operationis 7,310,385 Btu/h perengine.

• S_ requirementsfor summerfull-loadtests are 10 man-hourspertest, three times permonth.
Staffing requirementsfor winterfull-loadtests are20 man-hoursper test, once permonth.

• S_ requ_ are 33 man-hours for interruption service participation.

The cost assumptions areas follows:

• Electricitygeneratedis at the on-peaktransmissionrate of $0.08030/kWh (summer)and
$0.06143/kWh (winter).

• Electric demandcosts underRateScheduleA6-TOU (Scenario20) are $13.84/kW-mo
(summer)and$2.46/kW-mo (winter).

• Electricdemandcosts underRateScheduleAL-TOU (Scenarios21 and22) are
$11.4 l/kW-mo (summer)and$1.86/kW-mo(winter).

• Natural gas consumptionis at the non-cogenerationrate of $0.35185/therm(summer)and
$0.36622/therm(winter).

• Laborcost, includingoverheadfactors, is $20.805/h.

• Operationsand maintenance costs are $500/yr perengine plus $10.70/h over52 h/yr
operation.
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• APCD permitcosts for each scenarioare $1,060/yr.

• The penaltycost for not operatinggeneratorswhenrequiredunderRate ScheduleLR is
$16.50688/kWh for each kilowatt-hourthatshouldhavebeengenerated.

• The cost savings as a result of switchingfromRate ScheduleA6-TOU to Rate ScheduleAL-
TOU is $29,128/yr basedon the 1992 demandprofile(seeTable 2.1).

As shownin Table 2.2, Scenario22 has the largestpotentialsavings at $217,190/yr. This scenario,
however,has significantrisk. If one enginedidnot operatebecauseof anyfailure(Scenario 22), the
potentialsavings becomea cost of $70,01 l/yr. In addition,PWCSD will lose the ability to accurately
predictthe peak-demandperiodby switchingfTomRate ScheduleA6-TOU to Rate ScheduleAL-TOU.
Thereis also a problemof consolidatinga singleelectricbillin8 demandwithRate ScheduleAL-TOU.
NASNI is now servedfromtwo high-voltageelectricfeeds, each with its own meter. Becausepeak demand
for Rate ScheduleAL-TOUis determinedby peak demandat eachmeter,andit is likely thatthe peak
demandat eachmeterwill be setat differenttimes, the sum of the two meterpeak demandswill be greater
thanthe truepeak demandof NASNI. Therefore,withoutproperconsolidationof the two meters,the
NASNI demandbill will be inflated. Forthese reasons, it is recommendedthatPWCSD proceedwith
Scenario20 as outlinedin this report.

2.2 Thermal Plant Current Design

In the current design,the thermalplant enginesare commandedto startremotelyat the electrical
panels. Each motoris startedby activating the motor starterand opening the natural gas solenoidvalve. A
liquidpetroleumgas valve is providedin parallelwith the naturalgas valve as a backupenergysource.
Enginetimingis adjustedautomaticallydependingon the sourceof gas usedby the engine. Engine
mountedpumpscirculatejacket cooling waterand aftercoolerwater. Externalpumps circulatetheengine
oil coolerwaterthroughengine-mountedheatexchangers. External,three-waybypass valves inthe cooling
watercircuitsmaintaintheproperengineoilandjacket coolanttemperatures.Safetycontrols include
sensors for oil temperatureandpressure,jacket watertemperature,exhaustgas temperature,andengine
vibration.

Based on manualisolationvalve settings,the chillers operate inthreemodes- A, B, andC - as
summarizedin Table 2.3. Pump and chilleroperationsare resetand steam controlvalves are modulated
basedon which mode the EMCS sensesvia valve positionend switches. In each mode, the waterpiping is
dividedinto four circuits: chilledwater, engineheatreclaimwater, condenserwater,and cooling tower
water. The EMCS also monitorsandcontrolsthe fans, airhandlers, reheatcoils, and varioussensors used
for facilityenvironmentalcontrol.

Mode A providesfor primaryoperationof chiller 1; chiller2 comeson-line as requiredto meet
buildingcooling loads. In modeA, chiller absorptionheat loads are met by heat recoveryfrom the
cogenerationengines. Steam/hotwaterheatexchangers I and2 are disabled in modeA. Mode A makes
the assumptionthat underfully loaded thermalconditions,there will be enoughwaste heat fromthe
cogenerationengines to operate two chillers.
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Table 2.3. CurrentChillerPlant OperationModes
,,, ,, =,,,, ,, ....

Mode Chillers Heat Source Pumps On Valves Open (see
Figure 2.1)

A WC-I (primary) Cogeneration 4, 5, 13, 18 1, 9, 11, 15 1, 3, 5, 7
Plant

WC-2 (backup) 2, 8, 10, 16

B WC-I (p_) Cogeneration 4, 5, 13, 18 1, 9, 11, 15 2, 4, 6, 8
Plant

WC-3 (backup) HSX-1, 3, 7, 12, 17
HSX-2

WC-2 (secondbackup) 2, 8, 10, 16

C WC-3 (primary) HSX-I, 4, 5, 13, 18 3, 7, 12, 17 2, 4, 6, 8
HSX-2

WC-2 (backup) 2, 8, 10, 16

Mode B providesforprimaryoperationof chiller I fed by heatrecoveredfromthe cogeneration
engines. Chiller3 comes on as requiredto meet buildingloads,but is fed by geam/hot water heat
exchangers 1 and 2. If chillers 1 and 3 areunableto carrythe cooling load, chiller2 is activated,also fed
by heat exchangersI and2.

Mode C providesforprimaryoperationof chiller 3 fed by steam/hotwaterheatexchangers I and 2.
Shouldchiller3 become fully loaded,chiller 2 is broughton-line,also fed by heat exchangers1 and2. The
chilled waterloop is designedto provide42°F waterto the facility and to receive54°F returnwater, as
shown in Figure 2.1. Pumps I through6 and chillers 1 through 3 cycle as requiredforthis operation,
dependingon the mode in which the system is running.

Engine heat reclaimwater is pumpedthroughthe enginejackets and exhaust heat recoveryboilers,
then throughthe absorber circuits in chillers I and 2 (modeA) or chiller I (modeB), as shown in Figure
2.1. Heat requiredby chillers 2 and 3 (modes B and C) is providedby geam/hot waterheat exchangers 1
and 2, as shown in Figure 2.1. Heat not rejectedto the chillers is rejectedto the cooling tower loops
throughwater/waterheat exchangers I and 2. Domestichot waterfor the NCTS also uses this loop.

Chillerheat is rejectedto the cooling towers through water/waterheat exchangers 3 through 5, as
shown in Figure 2.2. This sane water loop is also used for the reheatcoils and for oil heat exchanger
cooling in the cogenerationengines. Heat requiredby the reheat coils and not providedby the chillers or
cogenerationengine oil coolers is made up by geam/hot water heat exchangers 3 and 4.

The cooling towers are pipedthroughdual circuits as shown in Figure 2.2. Onecircuit takes cooling
tower sump water and pumps it throughthe cogenerationengine aflercoolers. The other circuit pumps
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Figure2.2. CondenserWaterandCoolingTowerWaterPiping



cooling towersumpwaterthroughwater/waterheatexchangers I through5 to acceptheat rejectedby the
chillercondenserloops andthe cogenerationenginejacket cooling loops.

Pumps arcoperatedas eithervariablespeedto maintain temperaturedifferentialset points sensedby
theEMCS, or as constantspeed. All pumpingstations include eithertwo or threepumpsinstalledin
parallel. Pumpstatus is monitoredby a combinationof differentialpressure(AP)sensorson the constant-
speed pumps andspeed (revolutionsper minute [RPM])sensorson the variable-speedpumps. If flow is
lost, anotherpumpis startedorthe plantis shutdown.

Neitherthe RPM sensors nor AP sensorsnecessarilyguarantee that flow loss will be sensed. The
RPM sensormonitors motoroutput shaft speed and not loss of flow because of shaft breakage downstream
of theRPM sensoror pipe blockage (somethingas simple as a closed isolationvalve). The AP sensors
monitorflow rate only when tied intoa controllercapable of monitoringfor low orhigh AP. A too-low AP
indicates lack of motive force for fluid flow; a too-high AP indicatesflow blockage (such as a closed
isolation valve). A flow switch can be used, but only for sensing flow and not where flow rate is desired
for load calculations. In that case, a programnmblesystemmust be installedcapable of convertingAP to
flow ratebased on thespecific pump and impellercombinationinstalled.

Four steam/hotwater heat exchangers providebackup space and chiller heat. Steam is pipedto
steam/hotwater heat exchangersI through4 to makeup heatnotprovidedby the cogenerationenginesfor
operatingthechillers,domestichot water,and reheatloops. The steam pipingis detailedin Figure2.1.
Steam/hotwater heat exchangersI and2 are disabledwhen pump P-7, which providesthe thermalloadto
those heat exchangers, is shutdown. When the heatexchangers areoperational, the steamvalve is
modulatedto maintaina constant outletwater temperatureof 225°F. Steam/hotwaterheat exchangers 3
and 4 are activatedonly when the reheat circulatingpump is running at full speedand the temperaturedrop
across the reheat loop exceeds 12°F.

The expansiontanks includeprovisions formakeupwater, pressure relief, andnitrogen
pressurizationof the watersystems.

The EMCS includes the capability to monitorand recordwaste heat used for generatingspace
cooling reheat,and domestichot water. The EMCS also tracks cooling providedto the facility based on
flow rates and temperaturedifferentials

2.3 Electrical Plant Current Design

As originally designed,the cogenerationplantprovidesprimaryelectricalpower to the NCTS
facility. The NCTS facility designincludestwo electricalbuses (the T and NT buses). A simplified
diagramof the feeders, as originally designed,is shown in Figure2.3.

As the switchgearis currentlyconfigured,the cogenerationplant is tied into the NT bus and the
PWCSD electricalgrid,while the T bus is fed directly fromthe PWCSD grid. Power generatedby the
cogenerationplant is fed to the NT bus. Excess available poweris supplied to the PWCSD grid. A
simplifieddiagram of the feeders,as currentlyoperated, is shown in Figure2.4.
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Feeder T Existing MainFeed Bus Feeder NT

SwitchstationL

X4

GeneratorBus
1 I

GNT >_ _/_

SubstationT SubstationNT

Distribution Bus T (,- (,-- DistributionBus NT

I I
UPS

• GNT controlled by over/under-frequencyrelay, currentbalance relay, undervoltage phase relay,
overvoltage relay, and auto-synchronizing relay.

• GB controlled by bus differential relay, directional power relay, currentbalance relay, electronic
engine governor, governor load-control relay, and auto synchronizing relay.

• S controlled by undcrvoltage phase sequence relay, over/under-frequency relay, overvoltage relay,
currentbalance relay, directional currentrelay, auto synchronizing relay, and locking out relay
(controlled by transformer differential, sudden pressure, andlow liquid level).

• Substation switch controlled by locking out relay (same'as before), phase overcurrentrelay, and
residual overcurrentrelay.

]figure 2.3. SimplifiedElectricalFeederDiagram- As Designed

2.14



[.............................................................................................................................

FeederT Existing MainFeed Bus FeederNT

E_ E_
SwitchstationL

_x 4 _

I I

SubstationT stationNT

I
DistributionBus T I I DistributionBusNT

( {

Figure 2.4. SimplifiedElectricalFeederDiagram- As Operated
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The originaldesignc_dledfor relaysandswitchgcarto isolate the facility andengineYgeneratorplant
in case of reversepower flow, amongotherconditions,as shownon Figure 2.3. Itappears, however,that
tl_ switohge_rhasnot bocaproperlysequencedto disconnecttheNCTS facility from thepower gridbefore
ges_ratoroperationsare lost. When power is lost on the PWCSDgrid, the relays andbreakersarenot
activated in thepropersequence, andtheoverloadon the cogenorationplantcauses it to tripoff-line,
o'hminatingany backuppoweroption that the cogen©rationplantmight haveprovidedfortheNCTS
fimility. Thisproblemshouldbe correctedif the facility continuesto operatein a parallelconnectionmode.
The existing switchgearand relays should provideisolationfrom thegrid duringa power outage,based on

thevoltage andfrequencyrelays. The NCTS shouldreconnectto thegrid upon resumptionof grid power
based on theaction of theautosynchronizingrelays.

2.4 Proposed Operation

As proposed, thePWCSD electricalgridwould provideprima.D,electricalpower. The NCTS
electricalpower plantwouldoperatein an unnumned,fully automaticemergencygenerator. This would
requirethat,on a loss of gridelectricalpower, theNCTS facility disconnectfrom thePWCSD grid and
starttheengine/generators.Upon restorationof grid power,theNCTS facility would synchronizewithand
reconnectto thegrid andthe engine/generatorplantwouldbe shutdown. Based on informationprovided
underthe systempeak-demandpredictioncontract,PWCSD would scheduleengine/generatortests to occur
duringpeak periodsto reducetheNASNI electricalload,resultingin a significanteconomicbenefitto the
U.S. Navy as outlinedearlier.

The chillerandsteam/hotwaterheatexchangerplantwouldneed to providereliable,unattended
chilled andhot waterto meettheNCTS cooling andheating/reheatloads. These needswould be metby
monitoringchilled-andhot waterdifferentialtemperaturesandcycling relays and valves to startupand
shutdowntherequiredchillersandheat exchangers. The PWCSD steamgrid would provideprimary
thermalpowerfor thechillers. Ona loss of grid steampressureorthe inabilityof the heat exchangersto
provideadequatehotwater, theplantwouldstartupthe engine/generatorsets to providerequiredthermal
powerto the chillers,reheatcoils, anddomestichotwater_r. A remoteworkstationcan be installedat
anotherPWCSD site to allow for remotetroublereportingby theEMCS and preliminarymonitoringand
troubleshootingbefore mechanicsaresent to the site. The EMCS can also reportrequiredscheduled
maintenance,basedon runtimes, as needed.

Modified plantoperation modes are shown in Table 2.4. Mode A, designedfor normaloperation,
providesfor primaryoperationof chillers I and 2 withabsorptionheat loads met by the steam/hotwater
heatexchangers. Shouldeitherchillerbe unableto maintainthe set point. PWCSD is notified of the
problemat the remoteworkstationandchiller 3 is broughton-lineas a backup. The valving is modified,
dependingon which chiller is being backedup. Accordingto the manufacturer'sspecifications for the
installedchillers,a single chiller shouldbe able to carrytheentire buildingcooling load. If two chillers are
unableto carry thecooling load, serious problemsrequiringimmediatemechanic'sattentionare present.

On startupof the engineYgeneratorsets for eitherloss of electricalpoweror steampressure,the
systemnotifiesthe remoteworkstationandswitchesto modeB. Mode B, designedto providea cooling
sink forthe engine/generatorsets, providesfor primaryoperationof chiller I fed by heat recoveredfromthe
engine/generatorsets. Chillers2 and3 come on as requiredto meetbuildingloads, fed by the steam/hot
waterheat exchangers. LikemodeA, if any of thechillers areunableto maintaintheir set point, an alarm
is soundedat the remo_ workstationto requestthat a mechanicbe sent to the site to correcttheproblem
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Table 2.4. ModifiedPlantOperationModes

Mode Chillers Heat Pumps On Valves Open
Source

A WC-I HSX-I, 4, 5, 13, 18 1, 9, 11, 15 1, 2, 4, 6, 7, 8

(normaloperation) WC-2 HSX-2 2, 8, 10, 16
,,,,,

WC-3 as backupfor WC-1 WC-3 3,7,12,17 1,2,3,5,7,8

WC-3 as backupfor WC-2 1, 2, 4, 6, 7, 8

B WC-I Engines 4, 5, 13, 18 1, 9, 11, 15 2, 4, 6, 8

(engine/generatorsets as WC-2 HSX-I, 2, 8, 10, 16

emergencygenerators or as WC-3 HSX-2 3, 7, 12, 17
backupheatsource)
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3.0 Modifications

Modifications to the NCTS cogenerationfacility areindicatedin threeareas: the energymanagement
andcontrolsystmn,enginecontrols, andelectricalswitchgear. Additionally,modificationsmaybe madeto
theAPCD permitsto allowthe U.S. Navy to bankemissioncreditsfor use elsewhere.

3.1 EnergyManagementandControlSystem

The chillerplantappearsto be operatin8reliably. The key requirementhere is to positionthe
isolationvalves for startupandshutdownto switch operationamongthechillers. Modificationsto the
existingcontrol systemwill be requiredto motorizesomeof the isolationvalves to allow the EMCS to
switchbetweenthechillersas shown in Figure 3.1. Althoughtheeightvalves recommendedfor motorizing
will notall be used in modesA andB, all eightof the valves shouldbe motorizedat this time to allow for
an easierconversionto unmannedcogenerationin the futureshouldtheeconomicschangesignificantly
enoughto make regularcogenerationeconomicallyfeasible. It is recommendedthatpneumaticvalve
actuatorsbe used to matchtheexistingvalve actuators in theplantand to minimize the confusionfactorfor
themaintenancemechanics. Manual positioningof otherisolationvalves, eitheropen or closed, is shown in
Figure3.2.

The EMCSwill needto be modifiedandreproganunedto allow fully automaticswitchingbetween
chillermodesandremoteannunciationof any problemsencounteredor symptomsthatshouldbe checked
by a mechanic. The EMCS shouldsense grid steampressureand,on a loss of gridpressure, initiate
operationof the engine/generatorsets to supplythe chillerabsorberload. The EMCS shouldalso monitor
_ot waterheat exchangerperformanceand initiatethe engine/generatorsets if a problemoccurs with
eitherthe steam supplyor heat exchangers.

A remoteworkstationis recommendedfor installationat a remotesite to allow for remoteinterface

with theEMCS, monitoringof alarmconditions,andfor initialtroubleshootingof reportedalarmsso that
the appropriatemechanicscan bedispatchedto the site, This will requireinstallationof a modemat the
NCTS workstationfor communication.An uninterruptiblepowersupply is recommendedfor both the
NCTS 'andremoteworkstationsto allow continuedcontrol andmonitoringin the eventof powerfailureat
eithersite.

Requiredcontrolmodificationsincludethe following:

• Replacethe isolationvalves in the engineheatreclaimwaterpiping cross-connectionin the chillers'
supplyand dischargelines and betweenpumps7, 8, and 9 with 10-in.Motorizedvalves (valves 1
through8, see Figure3.1).

• Installa pipetap, isolationvalve, and pressuresensorin the PWCSDsteam feed line to allow the
EMCS to sense a loss of steampressurerequiringactivationof the engine/generatorsets as a backup
heat source.
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Figure 3.1. Chilled Water, Engine Heat Reclaim Water, and Steam Piping Modifications
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• Installcontrolrelaysto allowthe EMCSto startandstop operationof thechillers.

• Installcontrolrelays to allow the EMCS to startandstop operationof theensines.

• Installrequiredconduitandcontrolcables to allow theEMCS to communicatewiththe relaysand
newly motorizedvalves.

• Installa nuxlemin theNCTS workstationandinstalla remoteworkstationat a locationto be t
designatedby PWCSD to allow for remotetroublereportingandsystemmonitoring. 4

• ReprosrmntheexistinltEMCS to allow formonitoringof plantperfommnce,grid steampressure,
and steam/hotwaterheat exchangerperformancewith chiller/pump/coolin8tower switching,engine
startup,andremotealarmnotification as needed.

• Tie intotheexistingcircuit breakers inthe'T' and'_NT"electricaldistributionsectionsto allow for
control of thecircuit breakersunderemergencygeneratoroperationto matchelectricalloadto
generatorcapacity.

• Installan uninterruptiblepower supplyCUPS)at theNCTS EMCSandat the remoteworkstationto
ensurecontinuedEMCSoperationin the event of loss of electricalpower to thework.stations.The
UPS shallbe sized to providepower to thewoAstat/on, videomonitor,and themodem.

3.2 Engine/Generator Plant

Repairs to, or replacementof, theexi_in8 engine controlswill be requiredto ensurereliableengine
startandoperationduringloss of grid power. Becauseof thesketchyhistory of the existingcontrol system
andthe requirementfor reliable engineoperations,it is recommendedthattheexistin8 systembe replaced
with an electroniccontrol packageratherthanrepaired. The repl_t enginecontrolsshouldinclude
synchronizationas requiredforsatisfactoryoperationon returnof gridpower. Replacementof the controls
packase shouldalso include replacementof the ignitionsystemfromits currentmagnetoconfigurationto
an electronicignition.

Naturalgas ensines arenot knownfor reliabilitywhenblock loaded. This unreliabilityshouldnotbe
a problembecause theUPS at NCTS will allow the8eneratorsto assume the load incrementallyratherthan
pitY,in8 it up as a blockload. Formonthlyloadtesting,theensines will be paralleledwith the grid and
shouldnot havedifficulty in acceptingthe load.

The engine control packageshouldrespondto the samerelaysthatopen and close the switchgcarand
the EMCS to startthe requirednumberof enginesto meet eitherthe thermalload or the electrical load
demandin the propersequence. If an engine fails to startwithina specified period,or if the enginereaches
a specified percentageof full load,anotherenginecan be started. Upon returnto gridpower, thecontroller
shouldshut downthe engineJgencratorplant.

The enginesshouldbe keptin a warm standbymode(1200F) to ensurereliablestartupand to
wear and tearon startup. Hightemperatureswill causeacceleratedbreakdownof theoil, while

low temperatureswill cause hardstartupandacceleratedwearandtearduringthe startup. Electricjacket
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waterheaterscanbeinstalledtomaintaintheengineblocksat themanufacturer'srecommended
temperaturefor reliableratrtin8. Jacketwaterheaters shouldprovidemore reliabletemperaturecontrol
thantryingto use theabsorberhot water,becausethewatertemperatureis 240°F andtheblocks shouldbe
maintainedat only about 120°F.

Whenthe enginesarestartedforeithertesting or emergencyoperation,the generatorsshouldbe
loadedandtheenginesallowedto rununtilthey reachtheirnommloperatingtemperature.Both steps will
extendtheoperatinglife of the ensim_. The oil prelubepumpshouldbe startedpriorto the startermotorto
allow prelubricationof theengineblockbefore startingthepistoncycles, furtherminimizingwear andtear
duringthe startupcycle.

Specificrec_mnumdafiomfor the_ controlsincludethe following:

• Replacethe2301load-sharingandspeedcontrol.

• Replace the Englehardair/fuel ratiocontroller.

• Repla_ theW_ governoractuator,engine,synchronizorandswitchgear;includethe
c_ability forloadsharingbetwemtheengines,respometoa remotec_nta_ closurefor engine
_trtin8 andstopping,andstartingof the oil pumppriorto ens_ement of the startermotor.

• Rewirethe electricalandinstnm_tation systems to adaptthemto thenew controls.

• Replace the existing nutgswtoignitionsystem with an electronicignitionsystem.

• Install jacket heaters to maintain theengines at a suitabletemperaturefor reliablestarting.

3.3 Electrical Switchgear

Proper sequencingof the relays controllin8theelectricalswitchgcar is required. The existing relays
shouldallow the switchgearto disconnecttheNCTS buses fromthe PWCSDgrid uponloss of grid pnwer
andto reconnecttheNCTS buses to thegridupon restorationof grid power. Sincethey have notbeen
sequencedproperly,theenginesoverloadbefore thebuildingelectricaldistributionis disconnectedfromthe
electricalgrid. The resultingoverloadon theenginescauses themto shut down. Propersequencingof the
relaysshouldallowthe switchsearto disconnectthe buildingfromthegrid priorto engineshutdown.
Althoushthis shouldonly be a problemduringmonthlytestins, whenthe engines areoperatingin parallel
with the grid, the relays shouldbe sequencedto allow the engines to operateproperlyas emergency
generatorsshoulda poweroutageoccur duringan enginetest.

The load on the generatorsat engine startduringa poweroutagecouldoverloadthegenerators,
causing themto shutdown. To preventthis, theexistin8 distributionbus contacts can be tied into the
EMCS so thatwhen a power outageoccurs, andindicatedby theopenin8 of the substationswitch, the
EMCS can signal thecontactsto open. As the generatorsare availableto pick upthe electricalload,the
EMCS can signalthecontactsto close. The contactclosing sequencecan be programmedinto the EMCS
andmodifiedat any time. If the EMCS detectsthatthe enginesare reachingoverloadconditions,it can
signalan appropriatenumberof thecontactsto be reopenedto unloadthe generators.
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The specific recommendationfor theelectricalswitchgcaris u follows:

• Sequencethe relayscontrollingthe switchgearto properlyisolatethe facility durin8a loss of grid
power.

3.4 Air Pollution Control District

The proposed plan for the NCTS cogencratioaplant is to convertthe existingmxgjnesto a lin_ited
operation_e. The currmt engineswouldbe used in theeventof a utilityinterruptionto provide
electricity. Because these actions involve clm_es in emissionsandemissions sources, manyissues will
needto be addsmsed as outlinedbelow.

3.4.1 Switch From Colleneration to Limited Operation

Currently,theNCTS planthas fourengineswithPermitsto Operate. Permitsto Operateare not
requiredfor _ cLusifledas eme_ geacratorrattus. To be classified as such. however,the engine
mustoperateless than 100 hoursannuallyfor maintmancepurposesonlyandduringutilityinterruptions.
Ikcause the estismtedoperatinghoursfor nmintemmceis extrancly close to 100 hours, theengines'
currentPermitsto Operateshouldbe retained.

3.4.2 Bank Emission Reduction Credits

Becausetheplantwould operateat a ip_ttly reducedlevcl, therebyreducingthe emissions level, it is
possible for PWCSDto receiveandbankemission reductioncredits(ERCs). Bankingis a systemthrough
whichERCs arereservedfor futureuse

The bankingof ERCs is a complexprocess. The issues includedeterminingthe actualemission
reductionfor each pollutant,issuingthe ERCs, set_ up a bank,andbank_ theERCs. Because of'the
complexityof theprocess, andbecause theAPCDs holda considerableamountof discretionarypower
withintheprocess, it is recomsm:ndedthatpersonnelwith local APCD expertisebe retainedto negotiate
with theAPCD. Several finns of this type exist, includingfirmswith experienceassociatedwith military
bases.

Foran ERCto be issued, an actualreductionin emissions mustoccur. Oncethe equipmenthas been
rcpermittedat thenew expectedlevel of operation,thereductioncan be calculated. The emissions
reductionis based on thedifferencebetweenthepreviousactualemission rate,which is calculated usingthe
actual operatingconditionsof the sourceaveragedoverthe two yearspriorto the permittedchange in
status,andthewa_ximumemittingcapacityof the modifiedequipmentfollowingthepermittedchangein
status. The calculationof reductionsmay also include otherfactors, as outlinedin the SanDiego APCD
Regulations,Rule 20.1. These factors mayinclude the incorporationof thebest availablecontrol
technology(BACT), reasonablyavailable control technology(PACT), reasonablefurtherprogress(RFP),
andthe lowest achievableemissionrate (LAER).

Once an actualreductionin emissionshas beendetermined,thereducedemissions may be bankedfor
future use in accordancewith Rules 26.0 through26.10 of theSan Diego APCD Regulations. Becausethe
emissionreductionsfortheNCTS plant wouldbe the resultof a limitationon the use of existingequipment
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renmning in service witha P©rm/tto Operate,anyERCs issued shouldbe classifiedas Class A ERCs,
Class A ERCs shouldbe elisible foruse u emissionoffsets u Ions as they comply with federal
regulations.

An importantstep in bankingERCs is to setup a bank, involvingthe receiptof writtenauthorization
born theAPCD andthepaymentof fees. Oncethebankis set up, PWCSDhas receivedauthorizationto
bankthe ERCs. As long as everythingis in accordancewith Rules 26.0 through26.10, theU.S. Navy may
bankthe ERCs for futureuse by the Base or for use as an offset by a new ormodifiedsource. Banked
emissions do nothave to be used solely by the owner;it is possible forthemto be soldor tradedas Ionsas
the transferis in accordancewith Rule26.3, which states "Bankedemissionreductionsmay be transferred
in whole or in partby any meansof conveyancepermittedby the laws of this ate."

Anotherissue is thatnew rulesand regulationswill So intoeffect in 1994, includingtheNew Source
Review. The effects of these changesare notknownat this time. Any changes,however,involving
classificationor calculationof reductionswould certainlyhavean impact.

3.5 Operations and Maintenance Options

The U.S. Navy maywish to ¢onuact for theengine/seneratorplant O&.Mundera load-shedding
strategyratherthanoperateit withsovernnm_tpermnnel. Underthis scenario,thebe_ gumanteeof
competenceto theU.S. Navy would probablybe offeredby a performance-basedcontract. The contract
can be muctured to allow thecontractorpaymentbasedon theavoidedcost of utilities to the U.S. Navy, as

by the SDG&E bills andplantmeterin8. The contractorwouldbe givena shareof the
savingaresul_-lgfromavoideddemandor be requiredto pay a portionof the lost savings if the enginesare
notbe ableto operateon demand. The contxa_ couldbe based on the SDG&E ratestructure in effect for
thebase. The U.S. Navy wouldnotifythe contractorby a specified time each day forthe contractorto test
theenginesandprovideelectricalpowerto the U.S. Navy'sswitehsear on electricalpeak days. It is
recommendedthata performancebondbe requiredto ensurepaymentto the U.S. Navy of foregone
savings.

The contxactorwould be responsiblefor engineO&M.Because the contractor'spaymentwouldbe
basedon avoideddemand,the contractorwould havean incentiveto producethe maximumpossible load
andto maintainthe engines to ensurethatcapability. The U.S. Navy wouldreceivetheaddedbenefitof
more reliableenginesfor operationin the emergsncyseneratormode, shouldthat be necessary. The U.S.
Navy wouldbe responsibleforprovidinS an adequatenaturalgas supply and a specified quantity of cooling
waterat a specified temperatureat theconnectingflanges,as well as forAPCD certification. The
contractorshouldbe requiredto maintainthe enginesandcatalyticconvertersin sucha state thatthey pass
theAPCD inspections. The EMCS logging functioncan be usedto verify thepresenceor absenceof the
requiredcooling watersupply.

Ifthe U.S. Navy wants the contractorto also handlechillerplant O&M, thecontractmust be written
to ensurethat the contractorhas an incentiveto properlymaintainthe plant, ratherthan to minimizethe
expenseof preventivemaintenanceby avoidingit, andmaximizeadditionalpaymentsarisingfrom
correctivemaintenance.The contractcan be structuredso thatthecontractorreceivespaymentbased on
the efficiency of theplant;i.e., based on the amountof cooling waterprovidedby the plantversus the
amountof steamconsumed. Propermaintenanceis a key factor in efficientplant operation,andan
economicincentiveis thebest guaranteeof performance.The EMCSis alreadyconfiguredto monitorheat
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usedfor cooling for FederalEnergyResula_ry Commission(FERC)calculationsand shouldbe usablefor
plantefficien_ monitoring. Securitycan be addedto theEMCS to allow only PWCSD _s to the
• n_rgydam.

If the U.S. Navy chooses to keepthechillerplantwhile tumin8the engineplant over to a contractor,
cleardemarcationof areas of responsibilityarecritical. The contractorcan be giventhe engine/generator
plant,a 8uaranteeof a specifiedquantityof coolin8 waterat a specified temperature,anda sufficient
supplyof naturalgas or propane/air,andbe requiredto provideelectricalpower at the inlet terminalson
the electricalswi_ear. The coolin8 towers, which areusedby boththeenginesand thechillers, should
be maintaim_by the samepersonswho operateandmaintaintl,c chillers bcc,auscthe chillersarcoperated
continuouslybutthe engineswill operateonly intermittently.

Optionsforplant O&Mas outlinedabove are summarizedin Table 3.1.
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Table3.1.PlantOperation and MaintenanceOptions
t.

l i,,

Item OptionI Option2
i

Engine/Generators U.S. Navy hirea con_r to U.S. Navy hirea contractorto
operateandmaintaintheplant; operateandmaintaintheplant;
paymentto be madeby theU.S. paymentto be madeby the U.S.
Navy or penaltyto be paidby the Navy or penaltyto be paid by the
conWactorbasedon calculated contractorbasedon calculated
savinss or cost of engine savings or cost of engine operation
operationduringU.S. Navy- duringU.S. Navy-directedperiods.
dhectepe.ods.

i i ii

ChillerPlant PWCSD - No interactionwiththe Contractorto operatechiller,
engine O&M contractor, cooling towers, andheat

Steam/HotWaterHeat exchangerswithpayment

Exchangers calculatedbasedon efficiency of

CoolingTowers PWCSD - U.S. Navy to systembasedon monitoringby
guaranteethecontractora EMCS of chilledwaterproduced
quantityof enginecooling water andsteam consumedduringthe
at a given temperatureatthe billingperiod.
enginepipingflanges.

_

Electrical Switchsear PWCSD - Contractorto have PWCSD - Contractorto have
responsibilityto providepowerto responsibilityto providepowerto
electricalconnectionson electricalconnectionson generator
generatorside of switchgear, side of switchgear.
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