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1.0 INTRODUCTION

1.1 _ OF THIS REPORT

Thisisthefirstofa seriesofTechnicalProgressReportstobe issued

totheU.S.DepartmentofEnergyand otherFundingPartiesinaccordance

withtherequirementsoftheCooperativeAgreementforthisproject,(DOE

InstrumentNumber DE-FC22-90PC89661).

The Technical Progress Report is defined in Attachment 4 to the

Federal Reporting Requirements Checklist which forms part of the

Cooperative Agreement, as a summary of the work performed during a
specific reporting period, including the technical and scientific results

(both positive and negative) of that period. A draft Technical Progress

Report must be submitted to the DOE for review at the end of each quarter.

Thisreportcoverstheperiodwhichcommenced withthesigningof

theCooperativeAgreementbetweenTransAltaand theDOE on June 14 and

endedon September30,1990.However,a significantamount ofconceptual

design,preliminaryengineeringand preparationforprocurementoflong-

leadequipmentwas carriedoutpriortothesigningoftheCooperative

Agreement and on-sitemobilizationalsocommenced beforethatdate.A

descriptionofthepre-awardactivitieshasthereforebeen includedinthis

reporttoprovidea completeand chronologicallyaccuraterecordofthe

developmentoftheprojecttodate.

1.2 SUMMARY OF REPORT CONTENTS

Section1.0isofa purelyintroductorynature.The purposeofthe

reportisdefinedmid isfollowedby an outlineofthereportcontents.The

developmentoftheprojectisthengenerallydiscussedintermsofits

technologicalbackground,theapplicabilityofthetechnologytoretrofitsof

existingplants,feasibilitystudies,theselectionofa hostsitefor

demonstrationoftheretrofitand theinitiationofdesignand construction.

Progresstodatein conceptualdesign,preliminaryengineering,
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procurement,sitemobilization,constructionand installationisbriefly

summarized.

Section2.0documentsthework carriedoutpriortothesigningofthe

CooperativeAgreement. Thisincludedconceptualdesign,thedevelopment

ofdesigncriteriaand preliminaryengineeringforinstallationofthe

retrofit,preparationofenvironmentalreportsand permitapplications,

identificationofcriticalmaterialsand equipmentwhich requiredlong-term

procurement,determinationofinterfacerequirementswith theexisting

plant,assessmentofdeficienciesin theexistingequipmentand remedial

measuresrequiredtocorrectthem,preparationoftheDemonstrationTest

Plan and thecommencement ofsitemobilization.

Section3.0addresseswork performedsubsequenttothesigningof

theCooperativeAgreementduringtheperiodfromJune 15toSeptember30,

1990.During thistime,preliminaryengineering,LNS Burnerand boiler

engineeringand designand procurementofmajorequipmentcontinued

and on-siteconstructioncommenced. Most oftheemphasiswas on

inspectionoftheboiler/siteand preparationsfortheBaselineTest.Thistest

wouldprovidecalibrationofUnitNo. 1 forlatercomparisonwiththe

retrofit.
#

Section4.0summarizestechnicalwork plannedforthenext

reportingperiod.

1.3 OVERVIEW OF M PROJECT

The objectiveofthisprojectistodemonstratetheLNS Burneras

retrofittedtothehostcycloneboilerforeffectivelow-costcontrolofNOx and

SOx emissions while firing a bituminous coal.

The LNS Burner employsa simple,innovativecombustionprocessto

= burn pulverized coal at high temperatures and in the process, provides
effective,low-costcontrolofsulfurdioxide(SO2)and nitrousoxides

-: ,
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(NOx)emissions.The coalash containsa sulfurand isremoved intheform

@ Of moltenslagand flyash.

Cyclone-firedboilerunitsareusedforsteam generationand

comprise9% oftheexistingU.S.electricalpowerplants.?['heyaretypically

Q olderunitsfiringhigh-sulfurbituminouscoalsatveryhightemperatures

whichresultsinveryhighNOx and SOx emissions.The additionof

conventionalemissioncontrolequipment,suchas wet scrubbers,tothese

oldercycloneunitsinordertomeet currentand futureenvironmental

• regul_tionsisgenerallynot economic.Further,theunitsaregenerallynot

compatiblewithlow sulfurcoalswitchingforSO2 controlorselective

catalyticreductiontechnologiesforNOx control.

I BecausetheLNS Burneroperatesatthesame veryhigh

temperaturesas a typicalcycloneboilerand producesa similarslag

product,itmay offera viableretrofitoptS,on forcycloneboileremission

control.Thiswas confirmedby theCycloneBoilerRetrofitFeasibilityStudy

Q carriedoutby TransAlta,and an OperatingCommittee formedofcyclone

boilerownersin1989.The studyanal_rzedthepopulationofexistingcyclone

boilersintheUnitedStatestoestablishthecharacteristicsofa generic

cycloneboiler.An existingutilitycycloneboiler,whichmatched as closely

• aspossiblethecriteriafora 500 MW genericunit,was thenselectedforthe

evaluationofthecostand performancE,study,ltwas concludedthatthe

LNS Burnerretrofitwouldbea cost-effectiveoptionforcontrolofcyclone

boileremissions.The OperatingCommittee stronglyencourageda retrofit

@ demonstration. Therefore, an LNS Burner demonstration proposal was

submitted to the DOE Round II CCT Program.

A full-scale demonstration of the LNS Burner retrofit was selected in

• October,1988as partofthe DOE's Clean CoalTechnology Program

° Round II.The Marion generatingplant,whichislocatedon theLake of

EgyptnearMarion,Illinoisand isoperatedby Southern'IllinoisPower

:: Cooperative,(SIPC),was selectedas thehostsiteforthisdemonstration.

@ Unit No. 1, which has a cyclone boiler rated at 33 MW and is used for peak

O
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loadconditions,was chosenfortheLNS Burnerretrofit.A sidesectional

• viewofMarion Unit Ipriortoretrofitisshown inFigureI.

A considerableamount ofconceptualdesignwork was carriedout

priortothesigningoftheAgreement.The projectwas underway by

• October,1989 withinformationfortheEnvironmentalAssessment.

Preliminaryengineeringcommenced inJanuary 1990,construction

mobilizationstartedinMay, 1990 and theProjectKick-offMeetingwas held

on June 13,1990.The CooperativeAgreementwas signedon June 14,1990

• between DOE and TransAlta Resources Investment Corporation.
I

For the reporting period, June to September, engineering work
continued on development of a thermal model and mechanical layout for

• theLNS Burner,burner/boilermodellingand slagscreendesign.Design

and procurementforbalance-of-plantfoundations,structures,mechanical

and electricalequipment,pipingand instrumentationand controls

continued.Detailinspectionswere made oftheboiler/site.Test

• modificationswere made toUnit Iboilerinreadinessfortheretrofit.All

work relatingtopreparationfortheBaselineTestwas completedand the

TestPlan was issuedforreviewand releasedforBaselineTesting.

O

O

@

O

®
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2.0 WORK DONE PRIOR TO SIGNING
® COOPERATIVE AGREEMENT

2.1 _rABLIStIMENT OF DESIGN CRITERIA REQUIREM]_S

Q Significant technical work was accomplished before the signing of

the Cooperative Agreement. The proprietary report submitted to the

Cyclone Retrofit Feasibil:ity Operation Committee entitled "Cyclone Boiler
Retrofit Feasibility Study' with the Low NOx/SOx Burner, CYC2050 lP,

• IssueA",datedApril,1989,servedasthebasisforTransAlta'swork.

The design criteria and requirements presented in the feasibility

study were reviewed. The site specific requirements were updated, the

• design fuel analysis was updated based on current coal used on site and

standards, such as NFPA 85F were reviewed and applied to the ongoing

fuel proprietary design task. The Marion Unit 1 operating requirements

were reviewed with the SIPC to incorporate ali necessary design and

Q operating criteria and requirements into the Project.

The materialbalanceusedinthePON submissionwas updatedto

usetheProjectdesigncoaland tobetterreflectboilerand plantoperating

Q conditions,boilerefficiencieswere updated,thecoalcycloneseparator

efficiencieswere updatedand boilerexcessairlevelswere reviewed.The

proprietaryProcessFlow Diagram was updatedand streamflowswere

revisedas necessary.A non-proprietaryflowschematicwillbe developed

B inthenextreportingperiodand willbe issuedtothe Funding Parties.

The designcoalwas reviewedtodeterminea basiswhichreflects

normalvariations.The designcoalwas determinedfrom dataobtained

O from about 40 analyses taken from January 1989 through July 1989. The

design and feasibility coal ultimate analyses are compared in the table
below.

Q
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• _l_Onent:" Feasibility _
Coal

6o.2 ....
H,%" 3:81 ....... 3,75 i

• .0, s.47 6.27
N, % '0.98 -- .....1.35
-S: %- .... __ 3.18 3.2

.M0isture, - % 9.2 .......i0.7
@ icl, % 0.16 --

"To'ta], % ' 'i00 ' '100
_V, Btu/lb 10_864 10,553

The estimated retrofitted boiler efficiency data was not modified as

• review of boiler performance and equipment performance is planned after

completion of the Baseline Test. The material balance will be updated if

necessary. The estimated retrofitted boiler efficiency of 88.05% using the

LNS Burner is not expected to change over that presented in the feasibility

• study. The boiler efficiency comparison between the current cyclone boiler

and the estimated efficiency after the retrofit are shown in the table below.

The values for the major unit input and output streams are also indicated.

® Marion U_t i __ Design LNSB_

SteamFlow:l-b/h..... 335,O00 335,O00
Coal Flow Ib/h ............ 37,000 - 38,074 .
Lime-stone,IbTh.............. 0 6289 ......

® OtherAdditiVe,,Ib/hr.... 0 124_1
Total-C0m_b'_-tic_n-Air,lb/h _ 331,500 ....... 341,160.''°-
"_oiler Excess-Air, % 16 16
S-lag-Collectedlh/h ....... -3,780 9,138--
Fly Ash C011ec_d lb/h 2,440 22,45 _

_O SUck-Fly-As]_ E_ssions ' _ 40
: lb/h

Bofler-Effi_ency (net):% 88.45 ....... 88.()5-

Controlphilosophyand requirementswere reviewedwithallProject

-O Team Members, includingcycloneboilerconsultantsand operators.Initial

_Q
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informationas sho_vninthefeasibilitystudyon incorporatingtheLNS

• BurnerintoMarion Unit 1was reassessed.An initialreviewofexisting

plantoperatingproceduresand policieswas started.The developmentof

processlogicwillbe an ongoingtaskthroughthecompletionof

engineering.,
O

Work was done inidentifyingoutlinedimensionsofmajor

equipment.Spacewas ata premium forthisretrofit.Designrequirements

fornot-to-exceeddimensionswere e_tablishedforkey equipmentitems,

@ includingtheLNS Burner.

2,1,1FuelPrelmrationl]uilding

=• The sizeand configurationofthefuelpreparationbuildingare

dictatedtoa largeextentby spacelirnitatio__satthesiteand the

requirementsforinterfaceswithth_coal,limestoneand additivestorage

and handlingequipment.The buildingislocatedtotheeastofUnitNo. 1

• becauseitisrequiredtobeascloseaspossibletotheUnitIboilerfrontand

sitedsoastoavoidobstructionofexistingdrivewaysand accesstoexisting

plantmaintenancebays.A generalarrangementofthebuildingstr_acture

isshown inFigure2.
O

Basiccivil,structuraland architecturaldesignconceptsforthe

buildingand itsfoundation.swere developedfromtl_erelewmtcodes,

standardsand otherappropriateregulatoryand referencedocuments. A

• listoftheprincipaldesigncodesand standardsusedisgiveninAppendix
A.

" Initially,thedesigncriteriaspecifiedthatthestructureand

@ foundationswouldbe designedinaccordancewithBOCA Nation_lBuilding

Code requirementsforSeismicZone 2,whichisconsistentwiththedesign

oftheexist/ngplant,However,becauseofthecloseproximityoftb,e siteto

thelocationoftheNew Madridfault,SouthernIllinoisPower Cooperative

• subsequentlyrequestedthatthedesignbe upgradedtocordbrmtoSeismic

Zone 3 requirements.The increaseingroundaccelerationassociatedwith

A
W
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thisdesignchange has a significantimpacton thedesignand construction

• Ofthe building. Details of these changes will be available in the next

reporting period.

1_he existing plant stair tower adjacent to the west side of the new fuel

• preparation building has been used to provide personnel access to all floors

:tbove ground level at minimal cost and space requirement. Equipment
accesswithmonorailshas been providedon thegroundfloorand atthe

feeder and silo floors for installatiou, maintenance or __*,:+'_valof

@ equipment°

The FuelPreparation__' :*" :," " "_:,_::,._,_._,,,,,_,',_u._ly _,::h'_edand _tuated to

provideweatherprotectionf_,_*::qui_:_:c,__,,_d':;_,_.......o_._,:,_I_,_:_:"I:_,safeoperating

• environmentforoperating *_'*":'__'_.....".......'s_:_._i,£_,......:_,_,q_c,:,,c_,:,l:t1,:colourswere selectedto

match theexistingstructures_,_,__._:li:
!

2.1.2 Mec.h_nlcal Systems and L_i!_:_,_._+_i':_,_P,_i':
O

Design criteria and prrocesm++!+:+_:[;+'_+,+:_+:eq+:_ir_m_mtswere established for

all mechanical systems and faciliti+_ +:+,:++:_iui++_+eC;++_.,,+_+++_:+:pportthe LNS Burner,

including' the retrofit of existing pls_t eqmpm+n_.
$

Ali new mechanical equipment required to support the I,NS Burners

, islocatedinthefuelpreparationbuilding,exceptfora new coalconveyor

which willreceivecoalfrom theexistingplantcoalfeed,_.rsand transportit

• throughtheUnitNo. I boilersidingt_thefuelpreparationbuilding.The

arrangementofequipmentisshown inFigure3 and 4,PartialPlanand

Section.

• a)   tar_a
New siloswillbe providedforthestorageoflimestone(3118ft3)

and fueladditive(750ft3)insidethefuelpreparationbuilding.These

new silosaresizedfor45 hoursand 73 hoursoffullloadoperation

• respectively.The uppersectionsofthesilosarecylindricalinshape

and fabricatedfrom mildsteel.The lowersectionsareconicalwith
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sidesslopingat70°tothehorizontaltoensuretheflowofwet

• materialand arefabricatedfrom stainlesssteeltoreducefrictionand

preventcorrosion.

Bulk storageforfourdayssupplyoflimestoneand fueladditive

@ willbe locatedapproximatelyI00feetsouthoftheUnitNo. I stack

and willbe sitedtoavoidobstructiontoplantmaintenanceand

laydown areas.Thislocationwas chosentoensurethatthesilos

couldbe filledwithmaterialsfrom thebulkstoragestockpilewithina

• maximum periodofone hour,

The limestonebulkstoragestockpil_willnotbe covered

becausethegradedlimestoneusedby SYPC attheplantisknown to

,• flowfreelyinallweathercondition.The fueiadditivestockpilewillbe

coveredwithtarpaulinstopreventexcessiveabsorptionofrainwater.

Loadingofmaterialsfrom thestockpileswillbe carriedo_Itby

@ theexistingrubbertiredloadersusedattheplant.

Coalwillbe storedintheexistingcoalbunkersattheplant

becausepreliminarystudiesshowed thata coalconveyorfromthe

qP existingplantstoragewouldbe lessexpensivethan new bunkersand

feeders,ltwas alsoconsideredthatmaximum utilizationofthe

existingplantfuelfeedwould assistextrapolationoftheretrofit

designtofitotherexistingplants.
O

b)
The originaldesignconceptwas basedon theuse ofpulverized

limestonedelivereddirectlytothenew storagesilos.A subsequent

:• designstudyconfirmeda changetocrushedlimestonetotake

advantageofitsavailabilityatthesite,ata considerablesavingin

cost($6/tonversus$30/ton),where itisusedfortheUnitNo.4

scrubber.Additionalloadingequipment,includinga bucketelevator

Q ratedat144tons/hourand loadinghopperof240R3capacitylocatedat

gradelevelarerequiredtohandlethismaterial.
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m

• The existingSIPC coalhandlingsystemwillbe used,withthe

additionofa covered,explosion-proofconveyortointerceptcoal

downstreamoftheexistingcoalfeedersand transportittothefuel

preparationbuilding,ltwas originallyplannedtousetheexisting

• coalfeederswithoutmodificationand a dragchainconveyorto

transfercoalfrom theexistingfeederstothepulverizer.The drag

chainconveyorwas laterreplacedby a StockEquipmentcoveredbelt

typeconveyorof25 tons/hourcapacitymeetingNFPA-85F

@ requirementsforexplosion-proofdesign,whichisexpectedtooperate

more reliablywithabrasivecoals.Additionalspacerequirementsfor

thenew explosion-proofbeltconveyorand thegeometryofthe

dischargechuteatthepulverizernecessitatedtheraisingand

Q rotation of the existing feeders in Unit No. 1 to fit the new

arrangement. The coal handling arrangement is shown in Figure 5.

Coal, limestone and additive will be fed to the 'Atrita"

• pulverizer where the materials will be thoroughly mixed and

pulverized to a grading of 70% passing a 200 size mesh. The

pulverizer is sized to handle the full design coal flow plus limestone
and additive of 23 tons/hour. At full load, the pulverizer has a

@ reserve capacity of 3 percent.

The existingcoalbunkersand thenew silosforlimestoneand

fueladditivewillbe fittedwithaircannonstoclearblockagesin

• materialflow.

c) Coal PipingLavo_d Materials

Pipingrunswillfollowtheshortesttoldmost directroutesto

@ minimizepressuredropsinthesystem.Allfeeders,chutesand

pipingfrom thepulverizertotheLNS Burner,includingthecyclone

separator,willbe designedforan internalpressureof50 psigin

accordancewith NFPA-85F requirements.The generallayoutofcoal

• pipingfrom cyclonestoburnersisshown inFigures6 and 7.

Q

.
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Coaland fuelpipingtotheLNS Burnerswillbe ofwear-

• resistantmaterial,or willincorporateprovisionforrotationofthe

pipesectionstoequalizewear,and shallbe sizedtopreventsettlingof

thecoalinthepipe.

• PipematerialsfortheLNS Burnerand fuelsystemswillbe

carbonsteel.Materialsforburnersupportauxiliarysystemsshall

match thoseoftheexistingplantsystems.

• d)
The LNS Burnerignitoroilguns willbe suppliedfromthe

existingfueloilsystem,but thesystemstorageand pumping

capacitieswillbe upgradedasnecessarytoaccommodatethe

® increasedignitorfuelrequirements.

e) Heatine.Ventilatineand AirConditionine

The fuelpreparationbuildingshallbe providedwitha

• ventilation system to maintain a bulk average temperature of 100°F

in summer with an outside design temperature of 90°F. It is

expected that ventilation will also be required even in winter due to

the high motor heat loads.
O

No building heating is provided due to the high equipment heat

loads during normal operation. Freeze protection will not be

required during shutdowns, since there are no fluid systems within

• the building to freeze The fire system is an air-charged dry pipe

system.

f) FireProtection

@ Fireprotectionforthefuelpreparationbuildingwillbe

providedby a drypiperisersystemwithhoserackson theground

and feederfloors.Allareasofthebuildingwillbe accessiblewitha

75footfirehoseand automaticfillingofthesystemwillbeinitiatedby

• openingany hosevalve.Water willalsobe availablefrom two yard

hydrantsoutsidethebuilding.
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• The fire protection system will be designed in accordance with
BOCA requirements for Group F-1 Moderate Hazard Factory and

Industrial Use and the applicable N_'PA codes.

• g) _nstrument and Service Air

Instrument air requirements will be minimal and will be

supplied from the existing common instrument air system.

@ Service air will be supplied through the existing common

service air system. SIPC is upgrading the central plant system by

the installation of higher capacity centrifugal compressors and a

Q largerdistributionheader.

h) Dust Collection

Dust collectionforthelimestoneand fueladditivehandling

systemwillbe by means ofa power operatedbag filterinstalledon the

• limestonesilowhichwilldraw dust-ladenairfromthe entiresystem.

The filterwillbe self-cleaningand fineswillbereturnedtothe

limestonesilo.

@ Dusting in the coal system will be controlled by the flow of low

pressuresealairthroughthecoalconveyortothepulverizer.

: 2.1.3El_cal Systm_
O

: Designcriteriawere developedforthenew 2.4kW switchgear,480
voltloadcenterand motorcontrolcenter,racewayand conduit,motors,

lighting,cableand theremoval,dismantlingordisconnectionofexisting

@ equipment.ApplicablesectionsofElectricalStandardswere usedas design
_m

requirementsfortheelectricalequipmenttobe purchased,aslistedin

Appendix A.

_O Load studiesconfirmedthatthecapacityoftheexistingUnitNo. 1

auxiliarytransformeris3,750kVA. The runningloadforUnit No. 1 was
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determined to be 3,450 kVA with a spare capacity of 300 kVA. Additional

• load requirements for the retrofit equipment were calculated to be

approximately 600 kW which will need to be taken from the station 2.4 kVA

system. This will require the addition of new switchgear and a new 480 volt

load center. The existing load center will also need extensive modifications

• because of retrofit requirements for new equipment loads.

The new switchgear will service the Unit No. 1 circulating pump,

which will be relocated from the existing Unit No. 1 bus. The new coal

O pulverizer required for the LNS Burner retrofit will receive power from the

existing 2.4 kW power supply for Unit No. 1. Transient load studies will be
carried out at the detailed engineering stage to ensure that the system is

fully coordinated.
I

The existing motor control center at the front of the boiler will be

surveyed to determine which panel sections and equipment can be retained
or relocated. Those which cannot be relocated on the existing panel

• sections will be removed and mounted on the new motor control center.

: This will be placed adjacent to the existing motor control center to avoid
interference with the new LNS Burners.

• 2,1,4 Controls and Instrumentation

The control system and equipment will be designed in accordance

with industry I&C design codes and standards as listed in Appendix A.
O

1 Control systems will be provided for steady state operation of the

retrofitted unit in the main control room. The operator will also be

operating other units at the same time when not in the start-up or test

:O mode. Design criteria for start-up and testing will consider one dedicated

operator in the control room and one dedicated operator outside the control
room.

_Q

_Q
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Systemdesignwillpermitoperationoftheunitreducedloadswith

• eitherone ortwo burners.Actuatordesignwillbe pneumatic,signal

designwillbe electricand powersupplywillbe AC.

The LNS Burner will require mt_ltiple control loops for burner

@ operationsuchas coaland airflow,burnertemperaturecombustion

control,inadditiontothoserequiredfortheexistingbalanceofplant

equipment.A statusboardwillalsoberequired,togetherwithseveral

switchesforoperationofauxiliaryequipmentsuchas blowersand feeders

• asthereisnotsufficientspacefortheseitemson theexistingmain control

panel.

The combustion control design criteria for the existing plant will be

• used asthebasisforestablishinginterfacerequirementsbetweentheLNS

Burnercontrolsand balanceofplantequipment.New transmitterswillbe

provideformain steam pressureand flowand forceddraftfanpressure.

• Existingplantequipmenttobe retainedincludestheforcedfan

controldrive(modifiedforconstantpressureoperation),feedwatercontrols,

cycloneairflowtransmittersand localairdevices.Secondaryairshut-off

damper driveswillbe retainedinpiace,butarenotrequiredforoperation.

_O

A signalwillbe providedfromtheburnercontrolsystemtothe

existingcoalfeedercontrol,butfeedbackwillnotbe required.Coalfeed

j indicationwillbe retainedinthecontrolroom and allotherexistingplant

• combustioncontrolequipmentwillbe disconnectedfrom serviceand leftin

placeorremoved forstorage.

• Z2 _ DESIGN

Processdesignwork consistedofupdatingthematerialand energy

balancestousedesigncoaland toreassesstheinterfacebetweentheboiler,

• pulverizer and LNS Burner. The pulverizer sweep air is used to dry and to

convey coal from the pulverizer to the coal separator cyclone. From the

Q
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cyclone, this sweep air serves as final overfire air to the boiler. Work was

• done on establishing the operating envelope of the pulverizer and assessing

the effects of the associated sweep air requirements on the boiler excess air

demand. A study indicated that a small 8-inch bypass line would allow

better flexibility in matching boiler excess air requirements to pulverizer

• demand. Boiler excess air turndown is expected to be at levels as low as
14% instead of the normal 16%.

Differencesbetweenthefeasibilityprocessdesignand thecurrent

• design were minor and did not significantly impact the original basis
presented in the feasibility study.

2.3 IANS BURNER MECHANICAL DESIGN
O

Work was done in updating the feasibility design. Fundamental

i informationdevelopedfrom theHeavy OilRecoveryprojectwas

incorporatedand usedtoreassessthedesignrequirementsfortheLNS

• Burners. Thermal designrequirements,refractoryselectionand support,

coali,_e_tordesignissues,designrequirementsforthecoolingannulus

and specialfeaturesdesignand selectionwere incorporatedfrom the

previousHOR work. Effortwas focusedon identifyh_an outer,not-to-

O exceed,envelopewhichcouldbe usedby theotherProjectTeam Members to

updateplantgeneralarrangementdrawings,planand elevationdrawings

made oftheboilerfrontand reassessearlyboilermodificationfeasibility

work. Thiswork helpedtoidentifyand adapttonumerous constraints.

O

The LNS Burnerforthisretrofitisformedby two sections;the

existingcyclonefurnacebarrelwithan extensionoftheend ofthecyclone

furnaCebarrel.Due totheconfigurationofthecyclonefurnacesforMarion

@ Unit I,theend ofthecyclonefurnaceisveryclosetothelevelofthemain

turbineoperatingfloor.The estimateddiameteroftheextendedportienof

theLNS Burnerinterferedwiththedeck.Work was doneinassessingthe

impactofeitherdecreasingtheburnerdiameter,removinga portionofthe

O concretefloor,orincliningtheextendedportiontomissthefloor.Studies

indicatedthatiftheextendedportioncouldbe offsetfrom thecyclone

furnace and tilted about 15 degrees, the interference could be eliminated.
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The general arrangement of the LNS Burner installation for this retrofit is

• shown inFigure8. SeeSection3.2forinformationon thestatusofcurrent

LNS Burner designwork.

InitialLNS Burnerand boilerinterfacesand theinteractionofthe

• burner gases and overfire air within the boiler cross-section were
established. Further discussion on the boiler mixing will be presented later

in the report.

• The slagscreenisan integralportiono_'theburner.boilerinterface.

The screenisattheexitofthecyclonefurnaceand itisdesignedtocapture

moltenslagdropletsfromtheexitingLNS Burnergases.The initialdesign

oftheslagscreenhasbeen reviewedtobetterunderstandtheinteractions

•@ betweenthermaldesignrequlrements,mechanicaldesignrequirements

and thedesiredprocessconditions.A furtherdiscussionoftheslagscreen

designwillbe done inthenextr_portingperiod,aspresentedlaterinthis

report.
O

2.4 SELECTION OF EQLrIPMENT FOR SOLIDS FLOW SPIATrING

The pulverized coal, limestone and additive are pneumatically
_

@ conveyedfromthebottomofthecoalseparatorcyclonetothetwo LNS

Burnersthroughtwo setsofflowsplitters.The requiredsplitisoneto

twelve,withsixcoalpipestofeedeachofthetwoLNS Burners.RileyStoker

usesa standarddesign"RiffleBox" whichworkswellforthem inother

qP installations.The rifflebox splitterusesmechanicalfingerstosplitthe

incomingflowstreamintotwo outlets.The standardrifflebox design

cannotbe easilymodifiedtousemore thantwo outlets,soa designwas

developedwhichwouldtaketheflowfromeachriffleboxand dividethat

• flow into six outlets. This splitter is based on designs used in the coal and

steel industries. The splitter chosen is orientated vertically with flow

o enteringthebottomand leavingfromthetop.Thisone-to-sixsplitterdesign

issimilartothatsuccessfullyusedforTransAlta'sHeavy OilRecoverytest

_O , facility,which has one tothreesplit.The M_rionsplitterisplacedina long

: vertical section of pipe designed to eliminate any non.uniform flow of solids.

_
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The flow enters through an expanding inlet where the velocity of the gas
• and solidsisreducedtoensurethatthesolidsareuniformlydistributed

overtheinternalcross-section.The outletpipesarelocatedina contracting

conetoincreasetheirvelocitybeforetheyenterthecoalconveyingpipesto

reducethecontractionlossesattheoutlet.The splitofthesolidsisexpected

• tobewithintheallowablelimitsof10%.

2.6 PULVEI_/zJ,:R SYSTEM SELECTION

• Selectionofthepulverizertyperequiredfortheprojectevolvedfrom

theprojectdecisiontometerand deliverprocessfeedstock(coal,limestone,

and additive)directlytoa common pulverizerformixingand grinding,

ratherthan meteringand mixingseparatelY,previouslypulverized

• sti.eamsfordeliverytothecombustor.

To promotegood productmixing,avoidany productsegregationand

minimizetheimpactofdifferentfeedmaterialphysicalcharacteristicson

• grinding efficiency, a high speed impactor-type pulverizer was specified.

The "Atrita" pulverizer manufactured by Riley Stoker Corporation met the

above specifications and was selected for the project. A side section of the

pulverizer is shown in Figure 9.
O

The amount of pulverizer carrier air flow was dictated by the air

temperature level achievable from Marion Station #1 boiler's air heater and
amount of remaining moisture required in the pulverized product.

• Becausetherequiredpulverizercarrierairflowexceedsthatrequiredfor

coaldeliverytothecombustor,an indirectfiringsystemwas used inwhich

a high-efficiencycycloneseparatorremovesallpulverizercarrierair

: (whichinturnbecomesboileroverfireair)and collectspulverizedproduct

• forrotaryvalveinjectionintoa separatemeteredairflowcombustorcoal

deliverystream.Thislattercircuitcontainsa boostertransportblower,

- two,two-wayriffledistributors,two setsoftightshut-offvalves(NFPA

: requirement)and two,six-wayfuelsplitters.
;O

=O
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2.6 HOST SITE CHARA_IZATION
O

The objectivesofthehostsitecharacterizationwere todeterminethe

asfoundconditionofthehostunit,determineitscapabilitytosupportpre-

modificationtesting,and toidentifyany key siteconsiderationsthatwould

• need tobe addressedinthedesignoftheproject.The as foundconditionof

theunitwas determinedthrougha detailedplantinspection.Site

considerationswere identifiedduringthepreparationofprojectdesign

criteria.The followingsectionsin2.6explaintheseitems.
O

2.6.1Boilerand PlantConditions

Priortopre-modificationtesting,MarionUnit 1 was reviewedfor

• operationalreadinessintheJanuarytoJ_me,1990 timeframe.Plant

equipmentand recordswere reviewedtoverifythecompletenessofthe

ProjectDemonstrationProgram. The followingspecificareaswere

reviewed:
O

a) Equipment operationalcapabilitytosupportpre-modification

testingrequirements.

b) Adequacy ofMaterialPerformancePlan.

• c) Plant instrumentation operability to satisfy equipment

performance plan requirements.

d) Existing plant configuration for air quality instrument
: installation.
O

The reviewoftheplantincludedexaminationofthefollowing

equipmentand plantrecords:

• * BoilerPressurePartExternalSurfacesand Refractory

• BoilerPressurePartInternalSurfaces

• BoilerCasingand Enclosures

• Draft Fans and Air Heater

• • Ai_ and Gas Duc_work

• Dust CollectionSystem

:O
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• Slag Systems
@ • Control Devices and Instrumentation

• Electrical 2100V Switchgear

• 480V Power

• Control Room Space

@ * Balance-of-PlantSystems,ServiceAirand Water FireSystems

Steam,HVAC, Condensate

• New Equipment
• Traffic Patterns

@ • Review ofOperationaland MaintenanceHistory

• ReviewofpreviousBechtelstudyforSIPC regardingunit

availabilityimprovements

• 2.6.2 Deficiencies and Remedial Measures Required

The oper.ationalreadinessinspectionfortheprojectwas completedin

theJanuarytoJune,1990timeframe.The majorplantdeficienciesnoted

@ aresummarized below,alongwithremedialmeasuresrequiredtobring

theunitoperationalcapabilityup tostandard.

a) Boilerand Auxiliaries-BoilerCasingLeaks

@ Thishas been a continuoushistoricalproblemwhich has

resultedinseverebulgingand deformationofthecasingina number

ofareas.The fluegasleaksand subsequentcasingdamage due to

overheatingwere causedby failuresintherefractoryusedtosealthe

@ convectionpasstangentwaterwalltubes.The failureofthe

: refractorycan resultfrom improperinstallation,unitcyclingand/or

a combinationofboth.Refractoryfailureallowslocalized

overheatingoftheboilercasingand itsultimatefailure.

@

Known casingleakshad previouslybeenrepairedby SIPC

durixkgtheNovember -December 1988unitoutage.Additionalboiler

casing,ductingand refractoryinspectionwillbe accomplishedprior

@ topost-modificationtestingtodeterminetheextentofmodifications

requiredforlong-termoperation.

®
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• b) ChelateCleanir_g

The boilerwas acid(chelate)cleanedinDecember of1988.This

was thefirsttimet[_eboilerhad been acidcleanedsince1973.A few

tubeleaksoccurredas a resultoftheacidcleaningwhichwould

• indicatethatsome degreeofwatersidecorrosionexists.Alileaks

were repaired.No furtherremedialactionisreq_.dredatthistime.

c) BoilerTubes

@ DuringtheNovember-December1988overhauloutage,the

boilerfurnacefloortubeswere ultrasonicallytestedtodeterminewall

thickness.As a resultofthisactivityand a visualinspection

throughouttheboiler,a totalof31 furnacefloorand 28boilerroof

• tubeswere repaired.The furnacefloortuberepairswere

necessitatedbecausetheirwallthicknesswas determinedtobe less

than theASME minimum allowedthickness.Nothingcouldbe

foundtoindicatethatan analysiswas performedtodetermineifthe

• tubewastagewas due tofiresideabrasion/erosion/corrosionorwater

sidecorrosionorboth.The boilerwas discoveredtohave been

operatedforatleastthelast15yearswithoutinstallationofthelower

furnacesectionrefractoryascalledforon theboilererection

• drawings. This would support the assumption that the majority of

tube metal wastage was the result of fireside
abrasion/erosion/corrosion.

• Allboilertubesinthelowerfurnaceareawillbe includedin

: thematerialmonitoringprogram tobe conductedbeforeand aff,er

operationoftheretrofitinadditiontoselectedtubesinthe

superheaterand convectionpassgeneratingtubessection.
O

" d) Air Preheater

InNovember 1988a vendorrepresentativemade an inspection

oftheregenerativeairheater.The followingperformancerelated

• problemsand recommended correctivemeasurestobe takenwere

identified.
_
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• • The coldend basketelementsareinbad conditionand should

be replaced.

• Four hotend axialsealsaremissingand shouldbe replaced.

• Allcoldend radialsealsarebad and shouldbe replaced.
O

Priortomajorreplacementofairheatercomponents,a pre-

baselinetestwas plannedtodeterminetheperfbrmanceoftheas

foundairpreheaterand toensuresuccessfulcompletionofthe

• BaselineTest.Thistestwas subsequentlycompletedasoutlinedin

Section3.S.The airpreheaterwillbe inspectedindetailaspartofthe

MaterialMonitoringInspectionpriortotheDemonstrationTestingof

theproject.
O

e) ElectrostaticPr_Ri_J_

The electrostaticp:ecipitator(ESP)was notinspectedduring

theoperationalreadinessinspection,buttheESP willbe inspected

• priortopre-modificationt_:stingtophotographm_d document theas-

foundconditionas outlined._ntheMaterialsPerform1_mcePlan.

f) _.._rformance/D,eA_0nstrati__

@ Instrument_

A surveyoftheunitinstrumentationwas conductedand itwas

determinedthstallinstrumentationrequiredforthedemonstration

_ program,withthe exceptionofstackmonitoringinstruments,is

• available.Alldataistransmittedtobenchboardqua]Lityindicating

and recordingdevicesinthecontrolroom withthee_:ceptionofcoal

flow.Sincetheunitwas notinservice,itcouldnotbe determinedif

theinstrumentationwas functional.

®

A fieldstartupinstrumentengineerwillbe assignedtothe

projectpr/,ortothepre-modificationperformancetesttG_provide

techrticaldirectionand assistinthecheckout,refurbishment,and

• calibrationofallunitinstrumentation.
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The existingplantinstrumentationwhich willrequire

• checkout,refurbishment(ifnecessary)and calibrationpriorto

premodificationtestinghas been identified.

g) Ductwork and Furna:: _,ccessforIsokineA_DustSampling

• _d Gas Temperatur_._

Allfluegasdustsamplepointsrequiredforthedemonstration

program were available.Some, ifnotall,samplingpiping

connectionstotheboilercasingwerefoundtobe inpoorcondition,

@ e.g.,plugged,holescorrodedthrough,and threadedends rusted

away.

Samplingpipingcomaectionsinpoorconditionwillhave tobe

Q repairedorreplaced.Allgas samplepointpipingconnection

replacement/repairwillbe includedina separatework packageand

willbe completedpriortopre-modificationtesting.

@ Accesstotheboilerfurnaceforfurnacetemperatureprobe(s)

traversestoobtaintemperatureprofilesduringthedemonstration

programcanbe gainedattwo furnaceelevations.One penetration,

whichwas includedintheoriginalboilerdesign,islocatedina side

® wall in the area of the cyclones and is currently capped. One or both

existingfurnaceinspectionports,which arelocatedapproximately

3/4oftheway up thefrontwall,canalsobeutilized.

Q The fabrication,supplyand installationofa watercooled,

manuallyoperatedprobeorprobes,aspiratingairdevicesand probe

supportingdeviceswillbe includedintheprojectwork scope.

Aspiratingairand probecoolingwatersupplieswillbe provided.
@

h) _ons Monitorin_

Thereisno Unit 1 stackaccessforemissionsmonitoring.

_@ The requiredplatform(s),platformaccessand stack

+ penetrationson and intheUnitI stackrespectivelywillbe

O

,. l,l_r , ,r , r, ,
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engineeredand installed.Allauxiliaryservicesrequiredby the •

• instrumentation,e.g.,instrumentair,power,coolingwater,will

alsobe provided.

i) Sla__and Ash Samplin_

$ The bottomashsystemiscommon toallfourMarion units.

Operationismanual withash sltdcedsequentiallyfrom allopprr,_xlg

units_Each slagtankisemptiedapproximatelyonceper shiR.

Thereisno reliablemethod tomeasure slagquantityattheslagta1£k.

• Therefore,slagmust be capturedattheashpond duringthe

performanceteststodeterminethequantityproduced.

Operationoftheflyashsystemissimilartothebottomash

• system,and quantitieswillbe determinedinthesame manner.

Flyashsamples,forchemicalanalysis,willbe collectedfrom

theMulti-Clonehoppers,and theprecipitatorhoppers,and mixedto

• obtaina uniibrmsample.

A collectionboxwillbe designedand construc_edforthis

purpose.Duringa periodof1-2hourstheflyash,and thenslag,will

• be sluicedcontinuouslyand thequantityofeach willbe measured.

j) Turbine.Generatorand Unit AuxiliarySystems and

• The No. 1 turbine-generatorunit,whichunderwent a major

overhaulduringMarch-Aprilof1986,has been highlyreliable

throughoutthelifeoftheplant.

@ Historically,theunitauxiliarysystemsand equipmenthave

been reliable.The redundancyofequipmentwillprovi'demaximum

assuranceofreliabilityduringthe demonstrationprogram.

:®

_

4h
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2_6.3SiteConsiderations

O

The fuelpreparationbuildinghousingthepulverizerand otherfuel

treatmentand transferequipmentshallbelocatedascloseaspossibletothe

boilerfront.Existingaccessand drivewaystoplantmaintenancebays shall

I not be obstructed.

. Bulk storageoflimestoneand fueladditiveshallnotobstructexisting

plantmaintenanceand laydownspace.Materialtransferduringloading

• thesilos3hallnottakelongerthanIhourtopreventblockageofplant

roadways.

The Marion siteSoilsReportwas reviewedtodetermineconceptual

• foundationrequirementsofthefuelpreparationbuildingdesign.

Existing.boringsobtainedfromSIPC intheareaofthenew fuel

preparationbuildingindicatedthatthenaturalsoilwouldprobablyprovide

• suitablefoundationbearingmaterial.The actualconditionsasthey

actuallyexistedwere notknown,particularlyregardingbackfillfor

adjacentbuildingsand previousstructures,ltwas assumed that,basedon

verbalinformationreceivedfrom SI:PC,theareawas returnedtothe

• originalconditionafterconstructionand demolitionoftheunloading

facility.Thiswas confirmedpriortocompletionofthefoundation.

'lhvonew test(2)borings,eachtoa 30-footdepth,weredrilledto

• confirmthevalidityoftheprevioussoilsreportdata.The resultsconfirmed

the previous Soils Report data.

0



Q CDOE21501N Issue C
Page 2 5

2.7 IDEN22FICATION OF LONG LEAD EQUIPMENT
O

Sigrdficant work was done in the identification of long-lead

equipment and material_. The Project schedule was updated early in 1990

and was used as a basis to carefully identify those items of equipment and

O materials which had significantly long enough lead times as to require

commitment by TransAlta to procure these items prior to signing the

Cooperative Agreement. Each of the Project Team Members reviewed their

scope of supply and identified those items which required significant lead

• times. Engineering and design work that was necessary to specify

equipment and materials was identified to DOE and requests were made to

start the process of obtaining this equipment.

• Contracts were made by procurement departments to review the lead

times. Technical specificatio_s were prepared and long-lead items were

submitted for formal, competitive bids from suppliers. Bid evaluations
° were made in accordance with respective Project Team Member internal

• company standards and were based on availability, technical specification

and price. After these items were reviewed, requests to commit to long-lead

items on long-lead procurement were submitted to, and approved by, the
DOE.

O

2.7.1 Pul_ and Mechanical Equipment

The pulverizer was the first major piece of equipment to be acquired.

• Riley Stoker identified its lead time as in excess of nine months as the

pulverizer has a number of specialized forgings. A specification was
written for this item. A letter was written to the DOE for approval to

commitment for this item. Approval was granted and fabrication was

• started. Commitments for other items, such as the coal separator cyclone

andweigh belt feeders were also made in the Spring/Summer of 1990.
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2.7.2 Structural Steel
O

Structural steel was to be placed on order immediately after signing

of the Cooperative Agreement to meet the Project Schedule. The structural

steel engineering and drawings were completed sufficiently in the

Q reportingperiodtopermitquotationstobe solicited.

2.7.3 Electrical System Long Lead Items

• Electricalequipmentdeliveryleadtimeswere dependentupon

placementofpurchaseordersshortlyaftertheCooperativeAgreement isto

be signed.Conceptualengineeringrelatingtomotorcontrolcenterand

switchgearrequirementswas accomplishedpriortothistoensure

• constructionneed datesaremet intheProjectSchedule.

A purchase order was placed to General Electric for a 2.4 kV

switchgear extension consisting of one switchgear cubicle fully c_mpatible

• withtheGeneralElectricequipmentpresentlyinstalledon Marion Unit 1.

The switchgearwillservicetheNo. 1 circulatingwaterpump

currentlypoweredfromtheUnit 1 switchgear.The existingUnit 1

• switchgearwillbe usedforthenew coalpulverizerwhichisrequiredfor

theLNS BurnerRetrofit.The re-arrangementofswitchgearisrequiredto

integratethenew plantloadswiththeirappropriateunitswitchgear.

• ltisalsorequiredtopiacea purchaseorderforone manually

operated480V loadcenterbreakerand cubiclesuitableforadditionon tothe

existingGeneralElectricLoad Center.The breakerwillsupplypower to

electricalequipmentrequiredfortheretrofit.
®

2.7.4 Pre-Modification Testing Requirements

Subcontractpackagesforstackmodifications,airquality

_0 instrumentation, and air quality equipment were completed due to delivery
_

=

t
m



• CDOE21501N Issue C
Page 27

leadtimesinordertomeet thepre-modificationtestrequirementsofthe

• ProjectSchedule.

2.8 REVI]gW OF WORK SUPPORTING NEPA AND APPLICATION

FOR PERM12S
@

During pre-award meetings, the DOE pointed out that they required a
Draft Environmental Information Volume (EIV) and Environmental

Monitoring Plan Outline (EMPO) in order to complete their environmental

@ assessment of the cyclone boiler retrofit project. Af_r approval, the EMPO

will be developed into the Environmental Monitoring Plan (EMP).

Preparation of the draft EIV began in January 1989. Background

@ information on existing environmental conditions in the site area was

collected from State agencies, (including the Air Pollution Control and
Water Pollution Control divisions of the Illinois Environmental Protection

Agency (IEPA), the Department of Conservation and the State Water

@ Survey),theU.S.Fishand WildlifeService,Marion Chamber ofCommerce

and SouthernIllinoisPower Cooperative(SIPC).Informationon existing

operatingconditionsatMarionPower Stationwas alsosuppliedby SIPC.

TechnicaldatafortheLNS Burnerwas reviewedand evaluatedtoassess

• environmentalimpactsdue totheLaNSBurner project.The draftEIV,

whichincorporatedthisinformation,was submittedtotheDOE inApril,

1989.

@ Comments on thedraftEIV were receivedfromtheDOE inMay,

1989,witha requestfortheinclusionof'"oeforeand after"comparisonsof

dischargesfrom theplantand additionalinformationon theproprietary

additiveand existingconditionsatthesite.Thisinformationwas supplied

@ to the DOE in June, 1989.

The EMPO was preparedconcurrentlywiththedraftEIV.

InformationdevelopedforthedraftEIV was used toassesswhich aspects

@ oftheprojectshouldbe monitored.The EMPO outlinedthemonitoringof

flue_;:_s,wastewaterand solidwastethatwouldbenecessaryto

®
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characterizetheenvironmentalimpactsoftheprojectand supportfuture

• Commercialuse ofthe technology.

2.9 MOBILIZATION OF ON-SITE CONSTRUCTION

• Constructionforcesmobilizedon-sitepriortosigningtheCooperative

Agreement inordertoestablishservicesand constructionequipment

necessarytoperformconstructionactivitiesrelatingtotheBaselineTestin

accordancewiththeMilestoneSchedule.These constructionactivities

• consistedofmodificationstotheMarionUnit#I Stack(accessplatformsfor

testinstrumentation),installationofEmissionsMonitoringEquipment and

modificationtotheboilerand ductworktoprovidethenecessarytestports

fortheBaselineTest.Purchaseand rentalofconstructionequipmentand

• services such as mobile crane, office trailers, site vehicles and welding
machines and small tools and consumables was undertaken.

Site Operational Readiness Inspections were initiated to determine

• maintenancerequirementsnecessarytoassuresuccessfulcompletionof

BaselineTesting(discussedin2.7.2).

Severalissuesrelatingtositemobilizationrequiredspecial

• considerationduringsitemobilizationplanning.Marion Unit 1 was

designedand constructedoverthirtyyearsagotothosecodesand standards

ineffectatthetime.Plantretrofitand maintenanceoftheexistingplant

willrequireconstructionactivitythatwilladdressand implementoldand

• new standards.Thesecriteria,combinedwiththepresentday physical

aspectsoftheplantand restorationrequirements,were integratedinto

detailedsiteplanningactivity.Key constructionand start-upperso_ml

were assignedtoengineeringplanningactivitiespriortomobilizingatthe

• site.

Criteriarelatingtodemolitionand storageofexistingplant

equipmentrequiredforrestorationwere developed.Aliequipmentwhich

• has tobe removed ordismantledwillbe storedforfuturereinstatement.

= Equipment which is disconnected will be clearly tagged for future

0
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reconnection. An equipment list will be prepared and plant drawings

@ marked up to identify ali such equipment.

All equipment, electrical connections and electrical cables

dismantled for the retrofit will be left in place with loose ends terminated

@ and tagged.

Safety and plant inspection methods were established for

implementation. Criteria for plant walkdowns and inspections were

@ developed in order to establish the as-built and operational status of

equipment. These conditions are necessary to avoid interferences during

construction and permit the most cost effective construction of the

retrofitted plant.
O

Construction laydown areas were established with the operating

utility so as not to interfere with plant operations and maintenance

activities ongoing at the site. Detailed planning required that areas where

@ foundation work was intended be investigated for ali past construction

activity. Access requirements and preconstruction activities were
established.

@ The new FuelPreparationBuildingas describedinsection2.1.1of

thisreportwas tobelocatedinan areathatpreviouslywas occupiedby a

storagebuilding.Constructionplanningrequiredthatthisbe takeninto

considerationand provisionsmade toassureoldfoundationswouldnot

@ affectnew construction.The lackofvalidinformationfrom original

constructionoftheplantrequiredthatsoilboringsbe made priortodesign

ofthebuildingfoundation.

-@ 2.10 DEMONSTRATION _ PLAN

The DemonstrationTestPlanwas preparedtodocumentthetests

requiredtomeet theProjectobjectivesoftheStatementofWork inthe

@ Program Management Plan.This document specifiesthemethods and

management ofthedataissuingfrom theProject.The DemonstrationTest

-

_
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Planidentifiesthesequenceofactivityand thedatatobe collectedfrom the

• Host Unit. Information will also be collected through a materials

monitoring program to assess the long-term durability, operability, and

reliability of the LNS Burner. This information will assist in determining

the commercial retrofit potential of the LNS Burner for utility cyclone

• boilers.

Comments on theDemonstrationTestPlanwerereceivedfrom DOE

inAugust 1990and similarsuggestionswere receivedfrom EPRI and other

• fundingparties.BecausetheBaselineTestwas scheduledforearly

October,1990,work concentratedon finalizationofthetestplanforthe

BaselineTest,intowhichallcomments on theDemonstrationTestPlan

were incorporated.Specifictestdetailsand a testmatrixwere includedand

• thematerialmonitoringspecificationswere completelyrewrittento

incorporatesuggestionsfora materialsamplingprocedureand toprovide

fora materialand sulfurbalance.EPRI was keptinformedofthetestplan

developmentand theEPRI projectmanager assistedinitsreview.
O

The DemonstrationTestPlan willbe finalizedwhen engineering

designhas been completed.

• The overallprojectobjectives,aslistedon pageIoftheCooperative

Agreement,are to:

I. Constructa fullscaleretrofitofa utilitycycloneboilerusing

• the technology.

2. Evaluate the long term durability, operability and reliability of

theLNS ]_urnerina utilityoperatingenvironment.

JO

3. DemonstratetheLNS Burner'scontrol'ofSO2 emissions

againsta criterionof70% orgreaterSOx when burninghigh

sulfurmidwesternbituminouscoals,witha projectgoalof

O meetingNew SourcePerformanceStandards(NSPS) of90%

SO2 reduction.
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® 4. Demonstrate the LNS Burner's control of NOx emissions with

a Project goal of NOx emissions less than 0.2 lb/MBtu (or

150 ppm) when burning high-sulfur midwestern bituminous
coals.

O

5. Demonstrate the LNS Burner's effect on cyclone boiler full load

heat rate.

• As identified in Section 4.0 of the Statement of Work which forms

Attac_nent A to the Cooperative Ag]cement, the specific Project objectives

to be assessed during LNS Burner demonstration operation are:

@ • Performance and reliability of all system components

• Emissionscontrolcapabilities

• Materialsperformance

• Solidwastecharacteristics

O

2.10.1 Equipment Perfommnoe

Prior to the LNs Burner Retrofit installation, the plant will be

• operated for a period necessary to complete pre-modification t_sting. Pre-

modificationtestingwillmeasure thebaselineperformanceparametersof

theexistingas-builtplant.The testingwillinclude:

• a) Boilergrossefficiency

b) Precipitatorperformance

c) Air heaterperformance

• Pre,.modificationtestingwillbeperformedundersteadystate

conditionsat50,75 and 100% load.The datagatheredwillprovidethe

baselineupon whichtheoperationofthereconfiguredplantwillbe

compared. Emissionsmonitoringequipmentwillbe installed,checkedout

• and calibrated before pre-modification testing begins. Existing plant

I

O
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instrumentation, supplemented by test instrumentation, will be used to

Q obtaintherequiredtestparameterdata.

The boilerperformancetestwillbe conductedi,_accordancewith

ASME PTC 4.1(abbreviatedform).Precipitatorand airheaterperformance

I will be by correlation of test data with existing performance information.

The heatlossmethod forefficiencyusedfortheboilertestconsiders

the followinglosses:
O

a) Heat lossdue todrygas

b) Heat lossdue tomoistureinthefuel

c) Heat lossdue toH20 fromcombinationofH2

• d) Heat lossdue tocombustiblesintherefuse(unburnedcarbon)

e) Heat lossdue toradiation(themanufacturerspredictedvalue

willbe usedprovidedtheboilerinsulationconditionis

acceptable,and/orthevaluewillbe determinedfromthe

• ABMA radiationlosschart)

f) Heat lossdue tosensibleheatinslag

g) Heat lossdue tomoistureinair

h) Unaccountedforlosses
O

Incalculatingtheboilerefficiencyby theheatlossmethod,theflue

gas temperatureleavingtheairpreheater,correctedforleakage,willbe
utilized.

°O

A laboratorywillbeutilizedfortheanalysisofcoaland flyash.

Duringtheloadtests,coalsampleswillbetakenatthecoalfeederinletin

accordancewithPTC 3.2,TestCode forSolidFuelsand theanalysis

• performedinaccordancewithASTM D271. The sample(s)forultimate

analysistakenwillbe compositedand dividedintotwo equalcomposite

samples.One samplewillbe analyzedby thetestinglaboratoryand the

otherwillbe retainedasa duplicateuntiltheft,mlresultsofthetesthave

• been reviewed and found acceptable. Separate samples will be obtained for
fuel moisture.

=



@ CDOE21501N Issue C
Page 3 3

Q Approximatelyonehourwillbe allowedtostabilizetheunitatsteady

stateloadconditionspriortoobtainingtestdata.Duringthestabilization

periodand forthedurationoftheloadtests,theboilercontinuousblowdown

willbe valvedoutofservice.Sootblowerswillbeoperatedjustpriortothe

• stabilizationand testperiodand willthenremainidleuntilthecompletion

of the tests.

Flue gas stack monitoring consists of NOx, SOx, 02, and opacity and

• willbe monitoredthroughouttheentireprogram. CO, CO2, and 02

measurementstakenfromtheboileroutletwillbeused forperformance

testing.02, CO and CO2 determinecarbonutilizationand CO and 02

normalizeSO2 and NO2.

_Q

Particulatesampleswillbe takenatboththeinletand outletofthe

mechanicaland electrostaticdustcollectionsystemtodeterminetheeffect

on theexistingburneron dustcollectionsystemoperation.The mechanical

Q and electrostaticprecipitatorhopperswillbe emptiedpriortotestingand

bottomslagwillbe removedpriortothetest.The dataprovidesa baselineto

characterizedexistingplantperformance.

• Instrumentswillbe calibratedtoaccuracyand repeatability

appropriatetothetypeofinstrumentand theintendedapplication,in

accordancewith gorJdengineeringand plantoperatingpractices.

Calibrationwillbe appropriateand consistentwiththemanufactured

® qualityand accuracyofeachinstrument.

Demonstrationtestingwillbe performedundersteadystate

conditionsatminimum, intermediate,and ratedload.The Demonstration

• Testperiodwillbe 6 months ofcontinuousoperation.The unitswillbe

operatedat1/2to3/4fullpowerforapproximately3 months and fullpower

fortheremainderofthetest.ltwillbeoperatedatreducedloadovereach

weekend.

Q

O
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The tests will measure the general performance of the retrofit plant

• throughoutthe6-monthtestand willincludethedeterminationofthe

followingspecificperformancetests:

a) Boilergrossefficiency

• b) Predpitatorperformance

c) Air heaterperformance

The loadtestswillcommence atapproximatelymid-pointofthe6

• month periodutilizingthesame testcriteriaastheBaselineTest.

The fluegas monitoringoftheEnvironmentalMonitoringPlan

(EMP) fortheLNS BurnerDemonstrationProjectincludesstack

@ monitoringofNOx, SO2, 02 and opacityoverthe6 month testperiod.

Particulatesampleswillbetakenatboththeinletand outletofthedust

removalsystem as outlinedinperformancetestingtodeterminetheeffectof

theLNS Burnerparticulateoperation.
O

The datagatheredduringthepost-modificationphaseoftheproject

willbe used tocharacterizedoperationof,and emissionsfrom,theLNS

Burnersasoutlinedinpre-modificationtesting.Particulateand SO2

@ emissionsand opacitydatawillbeusedtoconfirmthatUnit Iisin

compliancewiththeStateofIllinoisemissionlimitations.Specific

operatingdatapointswillbe atminimum, intermediate,and rated.

@ The emissionsmonitoringinstrumentsused willbe selectedtomeet

theperformancespecificationsoftheNSPS regulations.Referencedatafor

emissionswillbe monitoredthroughoutthedurationofthe6 month test

periodand Checkedagainstperformancetestresults.

Data acquisitionduringtheconductofplantperformancetestingas

wellasduringthedemonstrationphaseoftheprogramwillbe obtained

from new emissionsmonitoringinstrumentation,and existingplant

IO instrumentation.Thesedeviceswillbe supplementedby portabletest

instrumentsand a dataacquisitionsystem.RefertoDraw-_n&Data
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AcquisitionMeasurementDraftingM74-BA01 SheetsIand2,forlistingof

• plant parameters to be monitored, located in Appendix B_

O

®

O

O

®

O

®
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2.10_ Ma_ MonitoringProgram
®

The existingboiler,airheaterand dustcollectionsystemcomponent

materialsaswellas theretrofittedburnersupportsystemcomponentsand

materialssuchas cyclonesand pulverizerswillrequireinspectionto

• evaluatetheirbehaviorintheLNS BurnerCombustionprocess.

Pre-Demonstrationand PostDemonstrationMonitoringwillconsist

ofmaterialinspectionand theaccumulationofbaselinedataconcerning

• theas-foundconditionofboilerpressurepart,refractory,ductwork,the

dustcollectionsystem,and theairheater.The as-foundmaterialcondition

and datawillbe compared toinspectiondataaccumulated,fromthesame

areas,atthecompletionoftheprojectdemonstrationphase.New

• componentsand materialspecifictotheLNS Burnerwillbe inspectedand

evaluated.

Areasofexpectedabrasion,erosion,and wear,willbe documented

• forpostdemonstrationcomparisonand evaluation.Partialorcomplete

inspectionsmay be made duringa Phase IIIdemonstrationperiod

outage(s),shouldsuchan outage(s)occurand isoflongenoughdurationto

permitinspection.
O

: 2.10_ WasteMonitoring

Slag,flyashand sluicewaterstreamsfromUnit 1 duringtheLNS

_@ Demonstrationtestingwillbe analyzedatratedload.Samplesofslsgand

flyashwillbe testedunderEPA'sEP ToxicityTestand forleachabilityof

common anionsand cations.Sluicewater,from bothslagand flyash

transportsystems,willbe sampledtodeterminetheeffectofthemodified

@ ash on parameterssuchaspH, totalsuspendedsolidsand totaldissolved

solids.The characteristicsofthesluicewaterfrom theLNS Burner

DemonstrationProjectwillbe comparedtothecharacteristicsof'thesluice

waterfrom thebaselinecycloneburnerconfiguration.The resultsoftheEP

• Toxicity Test and leachability tests will be used to evaluate the alternatives

for handling and disposal of the slag and fl}ash. Flyash and slag samples

.,

:Q
_j E
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taken as outlined irl post-modification performance tests will be analyzed

• forconformancetorequirementsoutlined;ntheEnvironmentalMonitoring

Plan.

2.10.4 Emism'onsControl
O

Instrumentationforthe Marion Unit #I EmissionsMonitoring

Program was purchasedand installed.Thisequipmentisrequiredby

TechnicalSpecificationsoftheDemonstrationProgram Plan forthe

• Baseline and Demonstration Performance Test. The instrumentation

consists of continuous monitoring devices for 02, CO2, NOx, SOx and

opacity. Installation of a stack platform, modifications to the stack for the
instrument probes, foundation work for the enclosed shelter housing the

• instrumentationand allgroundingand electricalwork was completed.

The instrumentationwas checkedoutand calibratedsatisfactorily.

Additionofsamplingportsand relatedsealingand aspiratingair

• systemstotheUnit#1 boilerfurnacewallsand fluegasductingwere

completedtoaccommodatefurnacel_mperatureand fluegas sampling

respectivelyrequiredduringperforRtancetesting.The modificationswere

. required to permit test probes to be inserted directly into the flue gas
• streamsand furnacestreamstodetermineprofilesfortheBaselinetestto

be compared withtheretrofittedplant.

®

O
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3.0 TECHNICAL PROGRESS DURING CURRENT
® REPORTING PERIOD

3.1 PROCESSDESIGN

Q The Process Flow Diagram was reviewed and some minor

corrections were made to reflect equipment or systems requirements. The

revised non-proprietary process flow diagram is shown in Figure 10.
Initial assessment of plant and LNS Burner operating requirements was

• started.Meetingswere heldwithMarion Unit Ioperatorstounderstand

how theunitwas operated,toidentifystartupand shutdownrequirements,

toidentifyunittripsand toidentifyany known unitlimitationswhichcould

affecttheoperationoftheretrofittedunit.Turndown oftheplantwas also

• reviewed by Riley Stoker to identify limits to be placed on the pulverizer and

the coal transport system. Riley Stoker identified that the coal conveying

system turndown was limited to 80% of design to avoid any potential for

solids drop-out in the pneumatic conveying _ines. Other turndown limits
• were also found, but none of them provided any significant impact to the

ongoing design efforts.

As partofthereviewoftheoperatingrequirements,initialstartup

• requirementsfrom a coldstarttoturbinerollwere evaluated.Sizingofthe

LNS Burner startupoilguns was evaluatedincontextoftheoverallplant

startuprequirements.Based on currentdesignrequirements,the unitwill

be startedon theLNS Burneroilguns and slowlybe broughttotemperature

• and establishment of steam flow. The initial turbine roll at about 4 MW will

be on theoilguns.ARer theturbinestabilizes,coalwillbe startedon the

LNS Burnerstobringtheloadup withinthe1 M'W/m limitationofthe

turbine.
O

The reviewoftheunitand LNS Burneroperatingenvelopewill

° continueand willprovidesignificantinputintothedevelopmentof

operating procedures. These procedures will be issued in the Startup Plan.
Q
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3.2 LNS BURNER DESIGN
e

Effort during the current reporting period was focused on the

development of a burner thermal model, continued development of a

mechanical layout and the continuing of burner-boiler flow modeling. The
LNS Burnerforthisretrofitisformedoftwo sections;theexistingcyclone

furnacebarreland extensionpieceprotrudingfrom theend ofthecyclone

furnacebarrel.The existingcyclonefurnacebarrelwillremainvirtually

unchanged. The airductsand othercyclone-furnace-relatedchangeswill

• be removed. The cyclonefurnacebarrelwillremainwater-cooled.The new

LNS Burnerextensionpiecewillbe addedtothecyclonebarrelconsistingof

a refractory-linedsection,about16-feetlong.Thissectionisexternallyair-

cooledby incomingcombustionairflowingthrougha one-inchthickcooling

Q air annulus from the cyclone end and flowing up to the head end where it
enters into the LNS Burner. A schematic of the LNS Burner and its

interface with the boiler is shown in Figure 11. Coal with carrier air also
enters at the head end.

O

The thermal design, mechanical layout and burner-boiler flow

modeling will be discussed in the following sections.

• 3.2.1 _ Burner Thermal Analysis

= A thermalmodel usingconventionalfinite-differencemethodology

has been developedtoevaluatethermalprofilesand startupconditions.The

• model uses a commercially available thermal analyzer program to solve the

finite difference equations and to determine the temperature distribution.

The model incorporates thermal convection and radiation from the hot gas

to the refractory hofface, conduction across and along the refractory
• material,convectionand radiationacrossthe_oolinggap,conduction

acrossand alongthemetalshells,conductionacrosstheouterthermal

insulation,convectionand radiationfrom theinsulationtotheenvironment

and energytransportalongthecoolingairflowchannel.The model

• handles different material properties, transport properties, process_

conditions,and physicalgeometryvariables,such as annulusthickness,

A
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refractory thickness, etc. The finite-difference model is currently being

_l_ hand checkedand willbe usedinitiallytoevaluaterefractorythickness

requirementsand toassessoverallprocessconsiderations.Earlyresults

fromthemodelhave shown thatthepreviousselectionofabout4-inchesof

refractorymaterialremainsappropriatefortheservice.
O

32_ MechanicalDesign

The mechanicaldesignactivitiesfortheLNS Burnerwere initially

® startedduringthepreparationofthefeasibilitystudy.Theseearlyefforts

deter_ned overalllength,diameter,refractorythicknessand required

designfeatures.Thiseffortwas continuedincorporatingdesign

refinements_The diameterand overalllengthhave been finalized,the

Q refractorythicknesshas been selectedand isbeingcheckedwiththe

thermalmodel. The designfeaturesarebeingselected;details,suchas

thermocoupleselectionand placement,provisionsforflamescanning,

observationports,airmanifolddesignand placementand structural

• supportarebeingfinalized.The designofthecoalinjectorpipeshas been

finalizedand incorporatedintothemechanicallayout.The fabrication

drawingshave been startedand thedevelopmentoffabricationdetailsis

underway. Fabricationmaterialforthemetalshellsofthefrontend has

• been selected;310 stainlesssteelisthematerialofchoiceforthe

demonstrationtestunitbecauseofitshighertolerancetothermalupsets

and transients.The generictypeofrefractorymaterialhas been selected;

thespecificbrandwillbe finalizedlater.
O

3.2,3Burre_BoilerFlow Modeling

J Cyclone furnacesoperatewithhighexcessairand athigh

• temperature.The heatreleaseduringcombustionisveryhighand asa

resultthe boilervolumeismuch smallerthan wouldbe foundina

conventionalpc-firedsystem.The MarionUnit 1 boilerentrancehas a

smallcross-section;about5-feetdepthand about20-feetinwidth.
:O

®

z
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The LNS Burner's operation is fundamentally different than cyclone

Q furnaces.As a result,sulfuriscapturedand significantNOx reductionsis

achieved.Becauseofthesmallboiler,flowmodelingwas foundtobe

necessarytoestablishthelocationofoverfireairports.Adequatemixingof

LNS Burner combustionproductswith overfireairmust be accomplished

• carefully within this small volume to ensure NOx emission goals can be

achieved. The development of a quasi three-dimensional model was started

to evaluate mixing of the overfire air introduced into the boiler region. The

model uses a commercially available program ("Fluent") to solve

D continuity,mass,energyand chemicalspeciesequationsfora given

geometry.The initialcasesrun sofarhave beenconcernedwithcheckout

of_hemodel,understandingtherelationshipofsome ofthemixing

parameters,and theburner-boilergeometricalinteractions.Temperature

Q field distributions, oxygen and carbon monoxide concentration fields are

being evaluated to determine relative mixing within the boiler cross-section

to assure go_d combustion and temperature conditions at the boiler

superheat sections. Preliminary results will be provided in the next
qP reportingperiod.

&_4 Slag Screen Design

• The slag screen uses principles developed during prior work to

remove slag droplets from hot LNS Burner gases exiting into the boiler

volume. The hot gas with entrained molten slag flows through the old

cyclone furnace barrel and impacts the slag screen at the boiler water wall.

10 The slagscreeniscomposed ofverticallystaggered,refractory-covered,

waterwalltubes.See Figure12 fora schematicrepresentation.The slag

screenfunctionsby acceleratingthecombustiongasand entrainedmolten

slagdropletsthrougha gap inthetubes.
@

Developmentofa thermal-hydraulicmodelhas beenstartedto

determinetheslagscreendesignparameters.The model willuse a

commerciallyavailablethermalanalyzerprogram tosolvefinitedifference

@ equations to evalua_ the temperature flow feld. The model predicts=

thermal performance of the slag screen by coupling the hot gas containing
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moltenslagdropletstotheslagscreenby convectionand radiation.

• Hydraulicperformance,separationefficiency,reentrainmentvelocityand

dropletgenerationvelocityarealsocalculatedby themodel.Additional

work isplannedforthenextreportingperiodon thecontinueddevelopment

ofthismodel.

O

3.3 BALANCE OF PIANT DESIGN

3.3.1ArchitecturalDesign
O

Preliminaryarchitecturalsketchesand layoutsofthefuel

preparationbuildingwere preparedinaccordancewiththedesigncriteria

foruse indefiningthestructuralsteelframeworkforthebuilding.
Q

Preliminaryfloorand roofdrawingsand elevationswere produced

showingthelocationsofalldoorsand otheropeningsand thesewere

progressivelydevelopedintodetaileddrawingsforuseinmaterial

• procurementand construction.

3.3.2 Civil and Structural Design

• A preliminary structuralsteelworkarrangementwas developed

from thepreliminaryarchitecturallayoutsand designparameters

established.These were progressivelyrevisedand updatedasvendor

equipmentinformationon dimensionsand loa&ngs became available.
O

, Design and preparation of detailed drawings was carried out for the
structural steelwork and reinforced concrete foundations for the fuel

preparation building, structural steelwork and foundations for the bucket
$ elevator and the foundation for the continuous emissions monitoring

shelter.

= Technicalspecificationsand materialrequisitionswere prepared

• and issued.Bid evaluationsand recommendationswere made foraward of
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purchaseordersand contracts.Review ofvendordrawingsforcompliance

@ _r_thtechnicalspecificationsisin progress.

At SIPC'srequest,thebucketelevatorlocationchangedfromtheeast

tothesouthsideofthenew FPB toavoidimpactingexistingmaintenance

@ and road accesses. This move also resulted in changes to the conveyor

system being used to transport the materials from the bucket elevator to the
limestone and additive silos. These changes impacted the structural

framing designs and details for the roof and floor plans and the foundation

@ concepts. Significant calculation and drawing revisions were required.

Subsequently, material and/or detailing changes were necessary.

Duringthisperiod,themost significantreworkoccurredasa result

ofa requestfromSI:PCtoupgradethedesignstoconformwithBOCA

SeismicZone 3 Criteriadue tothesite'scloseproximitytotheNew Madrid

Fault.In accordancewiththeBOCA Code,alldesignshad originallybeen

performedforSeismicZone 2 criteria.Incorporatingthisrequestresulted

• in major calculation and drawing revisions and entailed significant

material and detailing changes.

Approximately15 structuralmembers requiredreplacementwitha

• largersection,9 additionstructuralmembers were added asa resultofthe

increasedseismicforces,and approximately60 dozenminor detailing

changeswere requiredtocolumns,bracing,gussetplatesand connection

details.

:O

3.&3 _cal Design

Load studieswere completedofelectricalequipmentintheFuel

• PreparationBuildingforsizingofthenew motorcontrolcenterand

incorporatedindesignand purchasespecifications.Thisincludedline

dropcalculationsrequiredforcablesizing.Aliresultswere withininitial

projectestimates.

_O

=
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Load studies and voltage drop calculations were completed for the

• stack monitoring equipment to finalize power center and cable sizing

requirements. Grounding, conduit and power and control routing and

connection drawings were issued for the equipment.

Q A review of the existing plant ground grid was completed and

determination made of details for expansion of the grid to the new fuel

preparation building.

@ Voltagedropcalculationswere completedforthefeederlinestothe

circulatingwaterpump and thenew pulverizer.Fieldwalkdowns were

completedfortheroutingofalltrayand conduitintheexistingbuildingsto

preventinterferencesduringconstructionand therebyoptimizedesignand

Q minimizeconstructioncosts.Electricalcabletraywas completedforall

portionsofthefuelpreparationand boilerbuildings.Portionsofcabletray

and conduitwe.reroutedinlongerrunsthroughsome portionsofthelower

levelsoftheboilerbuildingtoavoidinterferencesnotedduringthefield

• walkdowns.

Electricalsinglelineschematicswere developedforallretrofitted

electricalequipment.Layoutoflightinginthefuelpreparationbuilding

@ was completed.Detailedconduitand cableroutingwere startedinthefuel

preparationbuilding.

A studywas completedtodeterminetheoptimum configurationof

=@ theexistingplantmotorcontrolcentertobe relocated.The equipment

interfereswithinstallationofthenew burnerand supportequipment.

Resultswere thatonlya portionoftheequipmentmust be dismantledand

relocated.The portionsthatwouldrequirerelocationwouldhave

@ minimum impacton thecostofconstruction.Designdrawingswere

issuedreflectingthe configurationchange.

Studieswere initiatedand completedtodeterminetheoptimum

Q locationofthereceivingequipmentofthedigitalcontrolsystem.Field

devices feeding to the equipment originate in the new fuel preparation

-0

=
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buildingand theexistingboilerbuilding.Spacewas availabletolocate

$ equipment only in the lower levels of the plant which would have required

long cable runs. From this study it was determined that plant space which

now functions as a storage and lunch room could be relocated at

considerably less expense to the lower levels and the new control equipment

• placedinthespacethusmade available.Cablerunswere thus

significantlyreducedand accesstotheequipmentfortestand operating

personnelgreatlyimproved.

O 3.3.4 Layout and Piping Design

Equipment layoutstudies,includingassociatedpipelayout

configuration,were completed.Flow diagramswere preparedformaterial

Q handling systems, and field walkdowns of existing pipe, equipment, and

structures were performed to plan out new piping layouts.

A generalarrangementdrawingwas preparedtoform a framework

• for detailing pipe layout and fabrication drawings for both LNS Burner and

balance of plant systems.

LNS Burner system coal pipe drawings were reviewed for

• compliancewith the generalarrangementsand locationsofLNS Burner

systempipehangersestablished.

P&ID'swere preparedforthebalanceofplantservicesystemand

• sketchespreparedforresolvingfieldpipeand equipmentconstructability
Q

problems.Preparationofsuggestedfieldroutingsofbalanceofplantpipe

systemscommenced in accordancewith the generalarrangement

drawings.

®

Updating tofinalizethegeneralarrangementdrawings,piping

compositesand equipmentlayoutcontinuedusingcurrentsystempiping

drawingsand vendorinformation.

O
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3_3.5_entation and Contzols
@

A detailedreviewofMarionUnit 1 controland instrumentation

drawings,plantequipment,and maintenancerecordswas completedto

determineLNS Burner interfacerequirementsforbalanceofplantdesign.

@ Informationfromthereviewwas integratedintodesignofthenew LNS

Burner combustioncontrolsystem.

Detaildesignofthebalanceofplantcontrolfunctionsforthe

• feedwatercontrols,feedwaterrecirculationcontrols,steam desuperheater

controls,generatorcoolingcontrols,and otherminor controlloopsand

designofinstrumentationforthematerialshandlingsystemwas

completed.
@

Detaileddesignforcontrolroom layoutand integrationofthedigital

controlsystemequipmentintoa functionalsystemwas startedand isin

progress.Instrumentationand controldevicesnotrequiredforLNS

• Burner operation or which require modification were identified and
demolition requirements were determined.

Demolition requirements for the existing boiler front panel were

@ defined. Ali equipment that will be required for LNS Burner operation was

identified and design requirements for integration of this equipment into

the retrofit design were completed.

• Maintenanceand upgraderequirementsforbalanceofplantlocal

instruments,actuators,auxiliarycontroldevicesand installationdetail

. requirements were established.

@ Fieldwalkdowns were completedtodeterminemaintenance

requirementsforallbalanceofplantinstruments.

PreparedInstrumentIndex(equipmentlist).

@

@
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Preparedtechnicalrequirementsforinstrumentcalibrationvalve
• maintenance.

Power requirements for all control systems were determined.

• 3.3,6 Dism_uted Control

i,

Work continued during the current reporting period to finalize the

control philosophy. Piping and Instrument Drawings (P&IDs) were started

• thatupdatedthefeasibilitystudydesignwiththecurrentdesign

requirements.Identificationofprocesscontrolrequirementscontinued

duringthisperiod.The currentboilersystemisa 1960'svintageand

consistsofpneumaticcontrolswith some outdatedelectricalcontrols.The

Q new controlrequirementsfortheLNS Burnerand auxiliarysystems

greatlyexceededthelimitedcapabilityofthisoldsystem.The panelspace

on themain controlpanelisverylimitedasitservesthethreeexisting33

MW units.Becauseofspacelimitations,limitedexistingsystem

@ capabilitiesand theinabilitytoeithermaiatainorupgradetheold

instrumentation,a replacementcontrolsystemisrequiredfortheretrofit.

A new distributedcontrolsystem(DCS)hasbeen chosenthatwillusefree-

standingcontrolcabinetslocatedaway fromtheplantcontrolroom and will

® use personal computers as control stations. The DCS will incorporate the

three control systems required for the retrofit which are combustion

controls and auxiliaries, burner flame safety controls, and data acquisition.

qP A microprocessorbaseddistributedcontrolsystemwas selectedfor

the followingreasons:

There were many common inputswhichcouldbe "shared"in a DCS,

Q but wouldrequireseparatehard wiringtothethreeseparatesystemslisted
above.

Therewas verylimitedspaceavailableinthecontrolroom,and

• especiallyon thecontrolboard,foroperatorinterfacedevicesand start/stop

stationsfornew majorequipmentsuchas thepulverizer,fuel/airblower,
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feedersforlimestone and additive.The distributedcontrolsystemprovided

• two CRT basedoperatorinterfacestationsforallofthestart/stopand

moldulatingcontrols.Thesewouldfitthespaceavailable.

By utilizationofthedistributednatureofthecontrolsystem,one

Q cabinetwas locatedattheboilerfrontresultinginsignificantsavingsin

wiringcosts.Four datahighwaycables250 feetlongarerequiredrather

thanhundredsofcablesofthatlength.

• One DCS Cabinetwas locatedwhere thepreviouscontrolcabinetwas

locatedutilizingexistingwiretraysand conduit.The thirdcabinetwas

locatedinavailablespaceapproximately50 cablefeetaway. Thisavoided

theneed toenlargeorbuild_ new electricalequipmentroom.

O

The natureofa DCS issuchthatthecostofthesystemisdetermined

by theinput/outputcountand theoperatorinterface.Once theseare

purchased"logic"is"free"as faras hardware costsareconcerned.This

• permits the flexibility to make significant changes in the control strategy

and implement control improvements as testing provides feedback on the

operatint characteristics of the process, i.e., as knowledge of the process is
gained, the control system can be modified without purchasing additional

• hardware.

Anotherkey featureoftheDCS istheredundantcontrollerapproach

used inthecombustion/boilercontroland theburnercontrolsystems.In

qP the event of a controller failure, the unit will continue to run safely on

automatic control allowing the failed controller to be replaced at a

convenient time.

O

@
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3.3.7M_hanical Design
®

Mechanicaldesignrequirementswere concpletedforthemajor

componentsoftheMaterialsHandlingSystem. Pipingand Instm_Inent

drawingsand technicalrequirementswere completedforthebucket

Q elevator,coallimestoneand additivestorage,screwconveyorsystemand

otherrelatedsupportequipment.

A mechanical equipment list was prepared, equipment weights and

• electricalloadsforallmechanicalequipmentoutlinedon theequipmentlist

were determined,and operatingrequirementsforfuelhandlingequipment

prepared.The equipmentlistisshown inAppendixC.

• FuelPreparationBuildingequipmentheatloadsand ventilation

requirementswere determined.The largeamount ofheatreleasedby

electricmotorsinthefuelpreparationbuilding(725hp)requiredtheuseof

powerventilators.Roofventilatorswere selectedsincetheywere self-

• contained and reliable, and would more effectively remove the heat that

accumulatesintheupperlevelsofthebuildingthan wallmounted fans.

Each ventilatorisequippedwitha localadjustablethermostat,and a

backdraRdamper_ Inletairisadmittedneargradelevel,belowthefeeder

® floor, through weather louvers_ Each will be provided with manual shutoff

dampers which will be manually close in winter as required to maintain

room temperature.

• Engineeringrequirementsforplantstart_upwere determined,

whichindicatedthata heatinputof30,000,000BTU/HR isrequiredforstart-

up oftheLNS Burners.Thisheatinputwillbeprovidedby an oil

gun/ignitormounted intheend oftheLNS Burner.Each oilburnerwillbe

@ sizedforthiscapacitywith8/Iturndowncapability.150,000gallonsofoilis

availableon siteforallfourunits.No additionalstoragecapacitywillbe

required.400 gallons/hrx 24 hoursor9,600gallonswillbe requiredfor

startup.An airatomizationsystemwillbeprovidedfortheoilburnersin

• lieuof the existingplantmechanicalatomizationsystem.
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3.3.8 Technical Specifications
O

The technical specifications and material requisitions were prepared

and finalized from design criteria to satisfy project material, and services

requirements for construction and testing of the Cyclone Retrofit Project.

• Thesedocumentstogetherwithprojectdrawingsconstitt'_.ethetechnical

requirementsofbidand procurementpackagesformaterialand services

and arelistedinAppendixD.

O &4 BO_ MODIFICATIONS

3.4.1 Sys_m AirDuctingDesignand Modifications

• To accommodate the LNS Burner's air entry requirements, while

eliminating the existing cyclone burner primary and secondary air duct

connections, the following modifications were made to the arrangeme. ,t of

new and existing ducts:
O

a) Removal of the cyclone's primary air duct, blockage and

sealing of the cyclone's secondary air entrance ducting and removal

of the entire section of existing 54" diameter secondary air ducting

• downstream oftheexistingairflowmeasuringventuris.

: b) IntercormectionoftheLNS Burnerairductingtothenew

terminusofthe54"diametersecondaryairducting.Each duct

O sectionwas equippedwith a controldamper and mass airflow

measuring device.

For theover-fireairrequirements,new furnacewallportswillbe

• designedand installedin bothfrontand rearwalls.The designofthese

: portswillbe confirmedwithburnerand boilerflowmodellingasdiscussed
inSection3.2.3.

• From the air heater air side discharge, and FD fan discharge, new

hot air and tempering air ducting with control dampers were designed for

iO
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boththeAtritapulverizerand transportblowerinletducting.Thisinlet

$ ductingwas equippedwith a flowcontroldamper and airflowmeasuring

device(amass flowmeterforthetransportblower;a segmentalorificeplate

forthelesscriticalAtritacircuit).In thisway, controlofairflowand

temperaturecouldbe achievedinbothflowcircuits.Airducting

Q arrangementisshown inFigures13and 14,and thepreviousFigure5.

Allductingwillbefabricatedfrom 1/4"carbonsteelplateand sizedto

providea nominalfullloadductvelocityof60 ft/s,therebyachievinga

@ reasonablebalancebetweenductsizeand systempressuredrop.

The existingFD fanflowcapabilityissufficientforallairflow

circuits,however,theFD fan'sdevelopedhead requireda boostfromthe

@ pulverizerprimaryairfanfortheboilercombustionaircircuitand a boost

from a separatelyprovidedtransportblowerforthecombustorair/fuelfeed

circuit.

@ ModificationstotheUnit I boilerfurnacewallsand fluegasducting

were completedtoaccommodatefurnacetemperatureand fluegas

samplingportsrespectivelyrequiredduringperformancetesting.The

modificationswererequiredtopermittestprobestobeinserteddirectlyinto

@ thefluegas streamsand furnacestreamstodeterminetemperatureand

gas analysisprofilesfortheBaselineTesttobe comparedwiththe

retrofittedplant.

® SZ BASELINE TEST PREPARATION

Allwork relatingtoBaselinetestpreparationwas completed.The

BaselineTestProgram was finalizedaftercoordinationwiththeDOE and

:@ allFunding Pa,_ies.Alltechnicalspecifications,drawings,and

. proceduresfortheBaselinetestwere completedand finalized.Thiswork

consistedofthefollowingmajordocumentation:

• • DemonstrationProgram TestData AcquisitionMeasurements

Drawing

0
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• BoilerPerformanceTestSpecification

Q • AirQualityand Solidand Waste Water Monitoring

• Boiler Material Monitoring Specification

• Air Pre-Heater Material Monitoring Specification

• Dust Collection Material Monitoring Specification

• o SlagCollectionProcedure

The DemonstrationProgram TestData AcquisitionMeasurement

Drawingoutlinesthespecificdatatobe takenduringtheBaselineTest.All

• datapointsand expectedvaluesofparameterstobe measured including

responsibilityfordatecollectionareoutlined.The contentoftheother

documentsaredescribedintheWork Done PriortoSigningofThe

CooperativeAgreement sectionofthisreport.
O

The BoilerPerformanceTest,AirQualityand SolidMonitoring

Specificationswere amended toincludeMaterialand SulfurBalance

requirements.Thisrequireddatatobe gatheredon theboilersystem.

• Majorstreamsflowsofcoal,air,ash,and fluegaswas measured toprovide

calculationofa materialbalance.Slagquantitieswere measuredby

weighingthematerialasitdischargedfrom theplanttothecollection

holdingponds.
_O

The operationalperformanceoftheAirPreheaterwhichiscriticalto

theLNS Burnerand successfulcompletionoftheBaselineTestwas tested

duringnormaloperationofMarionUnit 1. The equipmentperformedas

• designed.Surveysconductedduringoperationoftheunitconfirmedthat

plantinstrumentationwas performingsatisfactorilyand thatmaintenance

: completedinpriormonths shouldassuresuccessfulcompletionofthe

BaselineTest.

:0

InstrumentationfortheMarionUnit 1 EmissionsMonitoring

: Program was purchasedand installed.Thisequipmentisrequiredby

TechnicalSpecificationsoftheDemonstrationProgram Plan forthe

• Baselineand DemonstrationPerformanceTest.The instrumentation

consistsofcontinuousmonitoringdevicesfor02, C02, NOx, SOx _'nd
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opacity.Installationofa stackplatform,modificationstothestackforthe

• instrumentprobes,foundationwork fortheenclosedshelterhousingthe

instrumentationand allgroundingand electricalwork was completed.

The instrumentationwas checkedoutand calibratedsatisfactorily

@ Operationalreadinessinspectionsas discussedintheprevious

reportingperiod(Section2.6.2)were completedtodeterminemaintenance

requirementsand assureavailabilityofMarionUnit 1 forBaselineTesting.

The inspectionsincludedtheboilerand auxiliarysystemsand

• instrumentationand controlforthenon-retrofittedUnit.Performanceof

equipmentvitaltothesuccessfulcompletionofthetestwere corrected.

Equipment repairsrequiredincludedrepairofareasofboilertubingand

fluegas duct,airpreheatersteam coilreplacement,replacementof

• blowdown tanksand otherminormechanical,electricaland

instrumentationmaintenance.A program was initiatedtodeterminethe

longerterm Marion Unit #1 Maintenancerequirementstoassu;'e

availabilityforthesixmonth DemonstrationProgram.

O

DetailproceduresfortheBaselineTestwere completedand finalized.

ThisincludedproceduresfortheBoilerPerformanceTest,Emissionsand

Wast MonitoringProgram,SlagCatchingProgram and theMaterial

• MonitoringPrograms. The contractwas awarded fortheEmissionsand

Waste MonitoringPrograms. The program requiresthirdparty

monitoringofstackemissionsand solidand waterdischarge.

_Q Baselinetesting,scheduledforJuly,1990was postponeduntil

October, 1990 pending funding approval for expenditures required during

testing.

-0 t,
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3_6 ENVIRONMENTAL SUPPORT
@

Fact finding comments on the draft EIV were received from the DOE

in June, 1989, regarding floodplains at the site and the status of existing

permits. These were responded to in July, 1989.
@

During a tour of the Marion Power Station by the DOE in July, 1989,
discussions were held relating to ash disposal, precipitator performance

and wetlands. Further comments were received from the DOE in August,

O 1989 and a detailed response was submitted in September, 1989.

The final EIV incorporating the results of the above discussions, was
submitted in October, 1989.

@

DOE accepted the EMPO in June, 1989 but requested that further
information on the disposition of the proprietary additive and more

complete monitoring of flue gas and wastewater be included in the EMP. A

@ response was sent to the DOE in August, 1989 to ensure that the EMP would

address these concerns and the EMP was prepared.

In late July, PETC submitted a draft Environmental Assessment for

_@ theProjecttoDOE headquarters.
=

InSeptember1990,PETC and theirconsultantSAIC askedfor

backgroundinformationneededtopreparean assessmentoflong-term

® impactsofLNS Burneroperationiftheburnerswere tobeleftintheunit

aftertheend ofthedemonstrationincludingtheimpacton sluicewater

pond life.Historicalelectricalproductionand coalconsumptionwas

obtainedforallfourunits,and forwardedtoPETC torespondtotheissueof

: @ long-term impacts pf the technology. A letter was issued to SAIC and PETC

stating that SIPC had long term plans for pneumatic transfer of flyash
from Unit 1 to the Unit 4 scrubber sluice system which would eliminate the

need for flyash sluice water for Unit I and extend the life of the ash pond.

@ As partofthemonitoringprogram fortheBaselineTest,whichis

--- A
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scheduledforOctober,1991,samplesofraw sluicewaterand sluicewater

• from the flyash pond and bottom ash pond will be collected and analyzed.

A permit was issued to Southern Illinois Power Cooperative (SIPC) to

construct emission and/or air pollution control equipment consisting of

• installationofLNS Burnerson MarionUnit#I and theadditionof

limestoneand additivesilosand otherequipmentas describedon the

application.The permitrequiredthatan evaluationofimpactsfrom ash

pondsfrom LNS Burneroperationbe submittedtotheStateofIllinois.This

• was completedand forwarded.

O

O

O

O

O
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3.7 TECHNOLOGY TRANst'_

O

A paperentitled"CycloneRetrofitDemonstrationProgram with

TransAlta'sLow NOx/SOx Burner"willbe presentedattheJointPower

GenerationConferenceinBoston,MassachusettsinOctober,1990by

• WilliamL. Fraser,PresidentofTransAltaTechnologies,Inc.and Dr.

GerardG.Elia,ProjectManager,U.S.DepartmentofEnergy. A copyofthe

paperisattachedasAppendixE tothisreport.

• A similarpaperwillbe presentedby KeithMoore,VicePresidentof

TTf,attheFrench/AmericanNaturalGas and CoalHigh Performance

TechnologiesSymposium inChicago,IllinoisinNovember,1990.The

symposium issponsoredby theGas ResearchInstitute,theInstituteofGas

• Technology,SouthernIllinoisUniversityCoalResearchCenterand the

French Trade Commission.

O

:O

®

®

@

-:®
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O 4.0 WORK PLANNED FOR NEXT PERIOD

The followingwork isscheduledforexecutionduringthenext

reportingperiodfromOctober1,1990toDecember31,1990:
O

* FinalizetheDemonstrationTestPlan toincludecomments

and issuetofundingparties

• Continue thermal analysis of LNS Burner and finalize design

O and fabricationdetailsand drawings

• ContinuedevelopmentofLNS Burner- Boilerflowmodeland

establishlocationofoverfireairports

• Selectand finalizedesignforsolidsflowsplittingequipment

O • Continuedevelopmentofthermal-hydraulicmodel fortheslag

screenand finalizeslagscreendesignand fabricationdetails

• Carry outBaseline Test

• Prepareand submitBaselineTestReport

O • Initiatepreventativemaintenanceprogram

• Completedetaileddesignand constructionoffuelpreparation .

buildingand structuralsteelworkforbucketelevator

Install major equipment such as pulverizer, coal separator

O cyclones,bucketelevatorand feeders

• Detailed studyofelectricalloads

* Completedesignand procurementofmicrocomputerdigital

basedcontrolsystem
O

O

O
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Appendix A

• Design Codes and Standards

I. Civil,Structuraland _tectural Design

a) BOCA NationalBuildingCode -1987

• b) American InstituteofSteelConstruction(AISC)

• Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings, 1978

• * Code ofStandardPracticeforSteelBuildingsand
Bridges,1978

• SpecificationforStructuralJointsUsingASTM A 325 or
A 490Bolts,1978

• * Manual of Steel Construction, 8th Edition

c) American Welding Society (AWS), Structural Welding Code,
AWS D1.1 - 1988

• d) American ConcreteInstitute(ACI),BuildingCode
Req'_drements for Reinforced Concrete, ACI318-83

e) American Society for Testing and Materials (ASTM),
Applicable standards for the various construction materials

@ specifiedinthedesigndocument

f) American NationalStandardsInstitute(ANSI),BuildingCode
RequirementsforMinimum DesignLoadsinBuildingsand
OtherStructures,ANSI A58.1-1982

• g) American Iron und Steel Institute. (AISI), Specification for the
Design of Cold-Formed Steel Structural Members, Parts 1 and
2, 1977

h) Occupational Safety and Health Administration (OPSHA),
Department of Labor Occupational Safety and Health

• Standards,Title29-Labor,Part1910

i) NationalFireProtectionAssociation(NFPA),NFPA 24 -1981

j) Allapplicablestateand localcodesand regulations

le

O
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k) Specification 19630-C-010, Reinforced Concrete Work, Latest
Revision

• l) Specification 19630-C-011, Structural and Miscellaneous Steel
Work, Latest Revision

2. Mechanical Codes and St_nd_ls

• a) American National Standards Institute, ANSI, B31.1, Power
Piping

b) National Fire Protection Association, NFPA 85F, Installation
and Operation of Pulverized Fuel Systems

O

c) Building Officials & Code Administrators, BOCA Building
Code, Article 10, Fire Protection

Q 3. Electrical _ and Standards

Electrical Standards - (Applicable Sections of)

a) National Electrical Code - NFPA

• b) NationalElectricalManufacturersAssoc.-NEMA Standards

c) ICEA (CableConstruction& Coding)

d) Underwriters'LaboratoriesTestingRequirements

• e) IEEE Testing Requirements

f) IES Lighting Standards

Q 4. ControlSDmm

I& C Standards-(ApplicableSectionsof)

a) INA 86.1 Instrumentation Symbols and Identification

• b) ISA 851.1 Process Instrumentation Terminology

c) SAMA RC22-11 Functional Diagramming of Instrument and
ControlSystems

• d) NFPA 85F NationalFireProtectionAssoc.Standard

O
=

r
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Demonstration Program Test

Data Acquisition MeasurementsQ
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• APPENDIX C

Equipment List

o

0

o

z

0

®

O

r

E

_O
E-





mr----- ,

• ' !
t '|

, _1 -
I

I

O'l I U Z C (,J .,4

i v il 0
Z

0 lP _ 0

m q • _ 0

I ..., m "0

• t. ,,,+ N r') 0i

am
I

IJ I N _ _ ...

_', ? ? , ? ? ? , , , ,, , ,
lm
I
m C CC C C C
I I q q _I q q q

U_ II q _ D t,. II II III I/ III II/ I i Q. _, Q. O. L2 Q.

I: i _1 ".li ,_ 0 _1 q q q q +l q ._ ._ .+ ,.i .+ ..+

i v UJ _ _ UJ _ tJ_/
i
IB

II el Ii Ii Ii Ii

Oi ,c ,c 4: £ r. £ ,c, _ .-, r £ £
U I t_ U tj U

. - ® ® ® ® ® ®®®®®m
|

Q. ; I I I I I (
2: i

i i i I i i i i i i i ; iO .
I
I
|
I

: g g _ g
n 0 0 0

-- := mL I I

_ : O. I_ _ I I , I I i I I I I I , IPI
E I

® ,I
I

! '
m > tm
I 0 C C
I r_ "' 0 .-I
I "_ I '.'+

_ , ,. o ® : . , =+ : .. ,_., II
I Q _ _r C _ O II ,4 'C 4" _In

O -- I -- , ,._ 4 . ,* _l O .. II _

I + ' °i °°° "°+°"E I _l C II U q • _ t,. ",,,* t,. .-i O_ II'-_ C'_ IIo

._ I ) -- 0 _ OO I q_ l_ l_O_C _"

' 0 0 O ,,._ • -- _ O'IO ,0_ ,'.'_ P¢-*C_OCClO

{_ .-. I t ii ,,,_ II ¢ ...* *_ u _ S 3 C E; -+-- _: m ._ .x _. _, _. r., ",< :> c c ". c _ .- m' ._ u o, ",, c

m
: |
I,,- I

I
ICI i ...+_ I tIn I

_1 li. J _I
I
I

: Ul I

Ull Z II. .J _ o o
I I

-_ I I
b- i I
_"*I I ."4 .4 ,,4 ._ ,_ -,4 .4

| |





O i

Q

O

• APPENDIX D

Technical Specification List
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TransAlta Project

• Job No. 19630

Oocumenl_ Tvo_ Bechtel Number DocumentTtt!e

)lR 19630-A-003 FuelPreparationBuildingDoors

• MR lg630-A-OO3A Fuel Preparation Building Doors

MR 19630-A-151 Roof Personnel Hatch,

MR 19630-A-154 A1umi numLouvers

• MR 19630-C-010 Reinforced Concrete Work

MR 19630-C-011 Structural and Miscellaneous Steel

RR 19630-C-012 Limestone and Fuel Additive Silos

Q MR Ig630-E-O03 Dry Type DistributionPowerCenter

_R lg630-E-O04 480 Volt LoadCenter Breaker

HR 19630-E-005 480 Volt Bus Duct

• MR Ig630-E-O06 Electrical Bulk Commodities

MR 19630-E-007 480 V MCCBusTie Breaker

MR ]9630-E-008 Electrical Grounding Materials

@ MR 19630-E-009 Stack Platform Lighting Material

MR lg630-J-O03 Stack Monitoring Platform

MR 119630-0-004 Stlo Level Indicators and Switches

• MR 19630-J-005 Weld Pad Thermocouples

MR 19630-J-007 TanksFor InstrumntCalibration

MR 19630-J-009 ]nstruments

• MR 19630-M-002 Bucket Elevator, Loading Hopper,
Screw Conveyor

MR 19630-M-004 Stlo Dust Collector

_Q MR lg630-M-O05 Martin Rig Blaster Air CannonSystem
MR 19630-M-010 Roof Ventilator Fans

RR 19630-M-012 Elevator HopperWinch

_

.....i,,,,tr'll_"'r_''''If_l'l,,plr,irPq,,, ,_,,y_'lp'"PI,,.......rf',,l,rIu,,,,_,,uq,',I',lq__llr)qllllril)rlmi,i,_Bll_II rllI,l'''_'qll)_l_(,,ll_,l,r,,.....
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• TransA1ta Project
Job No. 19630

DocumentTvoe Bechtel Number Doc_nent Tttle

• sPC 19630-A-042 Preformed I_etal Stdtng

spe 19630-A-051 Stngle Ply Roof|ng

SPC 19630-C-010 Reinforced Concrete Work
0

® SP(: 19630-C-011 Structural and Misc. Steel

SPC 19630-C-012 Limestone and Fuel Addtttve Stlos

SPC 19630-C-1000 Subsurface Investigation & Lab. Testing

• SPC 19630-E-001 Rotor Control Center

SPC 19630-E-002 2.4kV Metal Clad Swttchgear

SPC 19630-J-001 Continuous Emissions Monitoring System

• SPC 19630-J-002 Data Loggtng System

SPC 19630-J-003 Stack Monitoring Platform

SPC 19630.J-006 Bucket Elevator Control Panel

• SPC 19630-R-002 Bucket Elevator

spe 19630-TSC-001 Envtromne,tal Monitoring Program

SPe; 19630-TSC-002 Instrument Calibration, Testtng & Haint.

• SP(: 19630-TSC-003 Botler Ratertals for Monttor|ng
Inspection

SPC 19630-TSC-OO3A Bo|ler Tube Materials Monitoring Inspect.

• SPC 19630 TSC-O04 Electrostatic Precipitator Materials
Monitoring Syso

SPC 19630-TSC-005 Engineering/Technical/Craft Personnel,
Etc.

_®

_6
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TransAlta Project

• Job No. 19630

Oocum_entTyoe Bechtel.Number Do_;umentTitle

DWG 19630-M74-BA01 DemonstrationProgramTest Data

• Acquisition Measurements

DWG ]9630-M74-BA02 Demonstration Program Test Data
Acquisition Measurements

DWG 19630-SK-M-O01 GroundFloor Plans at El. 517'-0

• DWG 19630-SK-M-O02 TurbineFloorPlan El. 540'-0

DWG 19630-SK-M-O05 PartialPlansEl. 586'-35/16,
& SectionA-A

• DWG 19630-A-001 ArchitecturalFloorPlansEl. 517'-0",
El. 550'-0"

DWG 19630-A-002 ArchitecturalRoof Plan,Door
Schedule& Spec.

• DWG 19630-A-O03 ArchitecturalElevations

DWG Ig630-A-O04 ArchitecturalElevations

DWG 19630-A-005 ArchitecturalDetailsand Sections

• DWG 19630-C-001 StructuralSteelFramingPlan
El. S76'-4g/16"

DWG 19630-C-002 StructuralSteelFramingPlan
El 535'-9" Etc• l) •

• DWG 19630-C-003 Structurai Steel Framing Els.
@ Col. Lines 3 & 4

DWG 19630-C-004 Struct. Steel Framing Els.
@ Col. Lines Hl & H2

• DWG ]g630-C-005 Structural Steel Framing Elevs.
at Col. Lines ,11& ,12

: DMG 19630-C-009 Misc. Steel Platforms and Detatls
=

:_ DWG 19630-C-010 Fuel Preparation Buildtng Reinforced
• Concrete P1an

DWG 19630-C-011 Continuous Emissions Monitoring System

z



TvansA1ta Project

• OobNo. 19630

DOCUment_e Bechtel N_ber Docmwnt_Tt_e,

DWG 19630-C-012 Bucket Elevator Support Tower Plan, Sec.
• &Detatl s

DWG 19630-C-013 Bucket Elevator and Inlet Loadtng
HopperFound.

DklG 19630-C-014 Structural Steel Framing Partial Plans

• DMG 19630-C-015 Structural Steel Framing Parttal Plans

DWG 19630-C-016 Supplemental Steel Framing P]an Views

DWG 19630-C-017 Supplemental Steel Framing Sections
• and Detatls

DWG 19630-6-018 Supplemental Steel Framing Sections
and Details

DWG 19630-E-001' Rotor Control Center FrameSpec.
$

Q DWG 19630-E-002 Modification Drawtng GroundingPlan
El. S17'O

_._:_ 19630-E-003 Hodif|catton Dwg. Plan E1 526'0"
Cable Tray

xe
DWG 19630-E-004 Rodtftcatton Drawing 480V One-Line

DiagramUnJt I

DWG 19630-E-005 Modification OrawtngHatn One-Line
: Diagrm
0

DMG 19630-E-010 Cable Tray Layout Turb|ne Floor
El. 540'-0" Unit 1

: DWG 19630-E-020 Ltghttng General Notes and Details Unit l

• DklG 19630-E-021 Ltghttng Layout Fuel Prep Bldg. Untt I

: DWG 19630-E-OZ2 Ltghttng Layout Fuel Prep Bldg. Untt !

DMG 19630-POA-O01 GroundFloor Plan ii E1 517'-0"e

F.P. ii El. 526'0"
Q

DW_ 19630-POA-002 Turbtne Floor Plan El. 540°-0 -

0
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TransAlta Project

l Job No. 19630

: DocumentTyoe Bechtel Number DocumentTttle

I)klG Ig630-POA-O03 Feeder Floor Plan ii El. 550'-0"

• ii El. 555'-4"
DWG ]9630-POA-O04 Floor Plan ii 568'-0"

DWG lg630-POA-O05 Partial Plans El. 568'-5 3/4".
599'-5 13/16"

• I)WG 19630-POA-O06 Fuel Preparation Butldin9 Section B-B

DWG 19630.-POA-O07 Fuel Preparation Buildln9 Section C-C

DWG 19630-POA-O08 Fuel Preparation Buildtng Sectton D-D

• DWG 19630-SK-E-OI] Scopeof Work Single Line

DWG 19630-SK-M-OOI Ground Floor Plan ii Ely. 517'0" F1
Plan 0 Ely. 526'0"

• DWG 19630-SK-H-O02 Turbine Floor Plan ii Elv. 540'-0" Unit 1

DWG 19630-SK-H-O03 Feeder Floor Plan ii Ely. 550'-0" &
Ely. 555'4" Untt 1

DWG 19630-SK-H-O06 Fuel Preparation Butldin9 Sectton B-B

• DWG 19630-SK-H-O07 Fuel Preparation Building Section C-C

I_G 19630-SK-M-O08 Fuel Preparat|on Building Section D-D

DWG 19630-SKC-001 LimestoneSilo

• DWG 19630-SKC-002 Fuel Additive Silo

0
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Cyclone Retrofit Demonstration Program

Q with TransAlta's Low NOx/SO x Burner
By

Gerard G. Ella, Ph.D., P.E.
Project Manager, U.S. Department of Energy

and
William L' Fraser, P.E.

• President, TransAlta Technologies, Inc.
at

1990 Joint Pow_q" Generation Conference

Boston, Mass. Oct. 21 - 25, 1990

• -- IIII 1 I II I II[I ....

The U_. Department of Energy, under the Innovative Clean Coal Technology Program, in con-
cert with Tran,_lta Technologies, Inc., a nonregulated subsidiary of TransAlta Resources
Investment Corporation and TransAlta Utilities, in Calgary, Alberta, Canada, will demonstrate

Q the retrofit andoperation of the Low NOx/SO X (LNS) Burner on a 33-MW utility cyclone boiler
ar Southern Illinois Power Co-operative in Marion, Illinois.

The LNS Burner has the potential to control both SO 2 and NO x emissions from cyclone boilers
at a lower cost than any other known technology. The experience gained from this dernonsrra.
tion program is expected to prove the LNS Burner, thereby providing coal fired boders a design

• option for extended life with the ability to meet acid rain environmental legislation.

Introduction option. The Low NOx/SO x (LNS) Burner
may be this option.

Operating. cyclone-design boilers comprise
about 26,000 megawatts (MW) of genera- The LNS Burner's combustion process oper-

--O dng capacity in the United States. The typi- ares at very high temperatures similar to the
cal cyclone boiler fires a high-sulf_ bitumi- cyclone and products a similar slag product.
nous coal at high tmnlmmtmt, which re,suits Furthermore, tlm LNS Burner demonstrates
in high SO2 and NOx emissions. These strong control of both SO2 and NOx emis-
boilers mm generally older matmc units, sions during the combustion process. The

• grandfathvmd with ttaptct to emission con- rem3fit cost, are in the range of one-haft that
_ol regelations. The net result is that this for wet scrubbers. Therefore, the I.MS
relatively small fraction of coal-fired utility Burner may offer a low-cost retrofit option
generating capacity is responsible for a dis- for utility cyclone boiler emission control
pmportiona_ share of total utility boiler programs and likely extend the economic
emissions, life of cyclone units.

O

The U.S. Congress is expected to pass new Clean Coal Demonstration Program
environnm_tal regulations to control SO 2 A fall-scsle demonstration of the ].,NS
and NOX from ali coal-ft,-cd boilers. Bm it Burner retrofit on a cyclone boiler will be
is not economical to fit conventional emis. condacted under the auspices of the U.S.

• sion control equipment to the older cyclone Department of Energy (DOE) Clean Coat
units. What is needed, if these units are to Technology Program. The TransAlta
be kept in service, is a low-cost retrofit project-Low NOx/SO x Burner Retrofit for

. Utility Cyclone Boilers-was selected for



) , " ,t,

@

negotiationunderthesecondroundsolicita- bilityofthemostpromisingadvancedcoa.l-
tionProgram.OpportunityNoticeDE-PS01. based technologiesthat have already

@ 88-FE-61530. reachedtheprc_f..of-conceptstage.

The demonstrationprogramisestimatedto The CleanCoalprojectsarcjoindyfunded
cost$16.3millionwitha 1992targetdate endeavorsconductedascooperativeagree-
forcompletion.DOE willmanagetheprc_ mentsbetweenthegovernmentandthepri-

• jcctfromthePittsburghEnergyTechnology ratesectorinwhichtheindustrialpardci.
Center(PETC)inPittsburgh,l_rmsylvania, pantcontributesat)least50% of thetotal
Participantsinclude,: costoftheproject.

• TransAlta Tecl'mologies,Inc. To date,DOE has selected38projectsunder
(TransAltaResourcesInvesunent threescparamco.repetitivesolicitationscoy.

• Corporation) ermgavarietyofadvancedcoal-b'_..dtech-
nologies.Two more solicitationsarc

• 12linoisCoa] DevelopmentBoard, planned,withthetotalprogramexceeding
throughtheStateofIllinoisDepart-
mentofEnergyandNaturalResources $2.5billioninfedcr_procurementfunds.Thesedemonstntionsaccchosenata scaJe

@ • Tl_e NationalRuralElectricCo- largeenoughtogenerateappropriatedata
operativeAssociation(NRECA), from design,construction,and operation
through its CooperativeResearch suchthattheprivatesectormay judgethe
Commitwc. NRECA willbe repro- commercialpotentialforthetechnologies.
sen_d by Associated Elcccric .Co- The Clean Coal Technology Program
opcr_ve, Inc., of Spring_eld, promi,_s to provide information to the pub-

@ Missouri. lictodemonsu'am_e technologicaleffec-
tiveness,the commercialviability, and the

• TheElcc_cPowerResearchInstitute, environn_ntalsafety'oftheadvancedcoal-
PaloAlto,Californ/& basedsystems.When theCleanCo_tlTech-

. BeJlimorcGas & Electric,Baltimore, nologyProgramiscompleted,thepublic
@ MmTtand. will have atitsdisposala widerangeof

technical,economic,andoperationaldatato
• CentralIllinoisPublic Service Com- nsducethe uncertaintiesof deploying

pany, Springfield, lqllnois, t_%sctechnologiesin commercial-_ale

The projectwillbeconducu_atSouthern a_lic_ons.
• Rlino_Pov¢_Co_vc's Marionplant CycloneBoilerDesigns

on_nltI,a 33-MWe cycloneboiler.
Cyclonc-f-n_boilersareusedwidelyfor

The CJe.,anC..oslTcclmologyProgramisa generatingsmam,primarilyinlargeelectric
jointlyfundedeffortbetweengove_mcnt powerplants. Cyclm_e-fhr_boilerscom-
and.indus_ytomow themostpromising priseonly9% ofthetotalcoRl-firedsteam

@ adv_ coal-basedenergytechnologies generalscapacityin theUnitedStores.
f'mmtheR&D stageintothecommercial However,as cycloneboilersarc major
__cc. Tlm CleanCoaleffortspon- sourcesofNO x,theycontributenc4u'ly20%
sorspro_ thataredifferentfromDOE's oftotalNO X emissionsfromallcoal-fizc4
u'mliticc_R&D prognum.The R&D pro- utilityboilers.Threestains,Rlinois,Mis-

@ j_"tscenteron relativelyIons-tense,high- souri,andIndiana,accountfornearlyhalfof
rifle,high-payofftechnologiesin which thetotalcyclonesmamingcapacityandone-
DOE pmvid_ mint or ali of thefunding. In third of theboilers,l
conu'a_the goaloi"CleanCoal pmjec,_is
thedemonstrationof the _ fcasi-
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The cyclonefurnacetendstomaintaina sm- cloneboilerratedat33MW. These units
bleflameoverwideoperatingranges.Once were placedin servicein 1963. Unit4,a

• thefurnaceislit-offand reachesoperating 173MW cycloneboiler,was placedinser-
temperatme,a flame-outisunlikely.Flame vicein 1979. Unit 4 carriesthe system
stabilityismaintainedeven atlow excess baseload.UnitsI,2,and 3 arenormallyon
air.Unitstypicallyoperateata carbonloss cold standbyand areused duringhigher-
of lessthan0.1% and can rejecta major loadwinterand summer peakperiods.The

I fractionofthecoalashasa slagproductup- 33-MW unitI was selectedfortheretrofit
streamfromtheboiler.Consequently,com- demonstration.
bustionefficienciesareveryhigh,and the
amount ofashthatmust be handledby the ProjectFurl-MarionStationCoal
baghouseorelec_staticprecipitator(ESP)
isonlyabout25% ofthatofpulverizedcoal The coalcurrentlybeingfiredatSIPC isa

• (PC)firedunits, blendofhigh-sulfur(3.5%)bituminousRli-
noiscoalandminingwasm material.Coalis

Sincemost cycloneunitswere builtbefore suppliedfrom bothsurfaceand deep sha_
emissionregulationswere promulgated,they mines yearround, The wasm materialis
have been grandfatheredwith respectto con-anonlyreferredto as "carbon."This

• pollutionconn-olregulationand veryfew materialisobtainedfn'nnoldrnir,ingopera-
employ scrubbersforSO2 control.Baseline dons.ltwas initiallyscreeningsand/orcoal
emissionsfrom cycloneboilersare sum- washerrejects,which atthattimewere un-
marizedinRef.I.The emissionsofSO2r_- profitableto market. In 1988, approxi-
flectthe sulfurin thecoalbeingburned, mately651,000tonsoffuelweredelivered
withthehighestemissionsfrom high-sulfur atanaveragecostof$1'7.55a ton.

• bituminous-coal-Rredunits.
Project Cyclone Boi.le_,,--Marion Station

The cyclonegJnerateshighNO X emissions. UnitI
The dam indicamthatatfullloadnone of

thecycloneunitswas abletomeettheU.S. Unit I isa Babcock & W'dcox front-waLl-
NSPS for NO x (forbimrninouscoal,0.6 firedcyclonetwo-dntmpmssur/zed-furnace

• pound permillionBtu [Ib_tu]). Ingen- ratedat33 MW similar to thatshown in
crnl the cyclone'saveragefull-loadNO X FigureI. The two cycloneburners,fired
emissions for bituminous coal is withca'ushedcoal,areratedat200 MBtt_r

I.A4Ib/MBm.I An F..,SPisgenerallyusedto _tch.
controlparticulateemissions.

• Tlm horizontal cycloneburnerson Marion
Project Host Site-Southern Illinois Power unit 1 are about 7 ft in diameter by 9.5 ft
Co-operative long. Tlm cycloneburnerwallsand reen-

trant _cmt a_ fabricated 6mm water-cooled

Southern IllinoisPower Co-operative tubes. The tubesare mulded and coated
(SIPC),locam_:lon the2,300-acreLake of withrefractm_forprotectionfromthehigh

• Egypt nearMarion,l]linois,completedits heatfluxesinthisregion.C.aushedcoalis
25m yearof servicein1988. The Marion introd_ce_[c_nmdlythrougha burneralong
plant is SIPC's only generating faci_ty, with with _ air and immediately svo.rled by
a tomiinstalledcapacityof 272MW. The tlmin_ng tangentialprimaryairinputat
plantincludesunitsi,2,and 3,eacha cy- theheadend ofthecyclone.Secondaryair

• ......................... isinmxluceddownstreamtangentiallyinto

IAp'_;__. ofNOy Combustion thecyclonebah'el.
M_6_flca_onsto C3cTon_Boilen _
(Furnaces), EPA Report No. EPA-6007-77-
006, Jan 1977.
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Combus_on occurs primarilya/ong the combustion,thefuelsulfurisca,pmr_ by
chamber wall zone in the mixture of stag the calcium from the limestone and is re-

@ and coal The slag formed flows down the t_dned as a solid in the melted coal ash.
chamber wall and passes into the boiler Niux)gcn chemically bound in the coal is
through a key slot that is located in the convened to harmless molecular nitrogen.
lower person of thecycloneboilerback Alloftheseoperationsarecarriedoutinthe
wall. "l"ne r_ntrant throat isdesignedto burner.No solidsorotherfuels need be in-

• _ slagcarryoverinthegas so.am jeeredintothe furnace,and no fluegas
enteringtheboiler.Typicalslag(bottom scrubbingisnecessary.
ash)rejectionmms areabout60%. IVlain.
raininghigh combustiontemperaturesis LNS Burner/CydoneRetroflt
criticaltoachieving properslagflow. Configuration

@ The onlyemissionscontrolcriteriaarefor The schematicofFigtu_2 shows those,new
SO2 and particulates;no controlrequire- componentsrequiredfortheLNS Burner
mentsarecurrentlyimposedforNO x. The retrofit.Most ofthemajorexistingcompo-
presentSO2 emissionsare determinedby nentsintheplant will continuetobe used,
monitoringthemaximum sulf_contentin such as the coal bunkersand weigh-belt

@ thecoal. ActualSO2 and NO X emissions fc,_:iers, theID fan,and thecycloneboiler.
fromunitIarenotnew measured. Generally,modifyingthecycloneplanttofit

theLNS Burnerwillrequireonly:
LNS Burner

• Modifyingthecyclonefurnace section
The LNS Burner was conceived hn 1979 as with the LNS Burner.

@ the resultof theoretical combustionwork

done atRockwell International. This theory • Reworking the coal preparationand
predictedthatboththesulfurand thenitro- conveyiagsystemwitha coalpulver-
gen compounds formedfrom burningcoal izerinplaceofthecoalcrusher.

canbeprojectedtobereducedtonearlyzero . Providinga siloand meteringsystem
inthecombustionstep.A seriesofconcept toadd limestoneorotheradditivesto

@ verificationtestsfollowed by prototypical the coal.
burnertestshave verifiedthe underlying

theory of the LNS Btu'her. TmnsAita LNS Burner Application
Resources Investment (_on, a non-
regulated subsidiary of TransAlm Utilities In the LNS Burner/cyclone boiler retrofit

@ Corporation locamd in C.alpry, Canada, ac- co_gmation shown in Figure 3, the LNS
quir_ the LNS Bmm_ fixmn Rockwell in Burner will modify tim front of tlm e,xis_g
1986. TmnsAlta Technologies, Inc., has cyclone bum_. Each LNS Burner is siz_
now been fommd to un6make the task of for 200 MBtu/hr, firing appmximamly
commercializing the technology for the udl- 8 mns/hz of oc_ the same u the existing

@ ivyindustry, cyclones.The as-received -coal is conveyed
from the existing bunkersand mixed with

Classed as a slagging combustor, the LNS limestone to pm,ride a Ca/S ratio of 2:1.
Burner involves high.temperaturefuel-rich These solids are then fed to the coal pulver-
combustion for the control of both SO2 and izer. The pulverized coal and _e arc:
NOX° High-ml.fur bi_ous coal, mixed then earconveyed to 0_ LNS Bum=rs.

@ _th liz_s.m_, is burnedin a re_.
lined air- andwamr-cooled chamber. Using The existing cyclone ttm_ consistingof
one-half of the mud combustionair, the suulde,d refr_ory-coatedwamr-wMl tubes,
burner creams a hot fuel-rich gas. During

l;e ,' M_I _' I_' lll'r, _' II¢ ',lil, "I,I,I',a , 'flll111_" l,IVl"lllI,rlIlr' tl,,rllr ',_ _I_' _']'
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willbe removed.To increasetheslagre- unitoperatedon a medium-sulfurcoal.
movalefficiency,a r_cwslagscreenassem- Generally,mostapplicationstudiesindicate

@ blyofs_aggeredtubes,verticallytraversing thattheLNS Burner'scostisa veryminor
theopening,wig .beinsudicd.The heatflux part of the tots3site-spcci_cretrofit costs.
on thesetubesis expectedto be the sameas Modificationsto the boilerandother auxil-
thatontheexistingcyclonethroattubes.As iarysystemsresultin themajorretrofit
theslagd_)pletscoLlecton theset,n,the costs.For the500-MW unit,thetotal
slagdrainsto theslagtsplocatedinthe retrofitcostwas $130/kW.TheO&M cost

@ boiler's insuJ.a=dlow=" secdon. With the (primarily for limestone)was $6.5 million
high-effi_encyLNS Burn=" slagscreenin pcryear. As a furthercomparison,anaddi-
piace of thecyclone throat,sn es&mateof tionalstudywascompiledfrom theElectric
the new ash load showsthat even with the PowerResearchInstitute (EPR.I)andDOE
inc_ased quantity of ash, the fly ash load is publications to evaluate a wet Limestone

• expected to be lower. The slag quantity for scrubber and a selective catalytic reduction
disposal, however, _ double. (SCR) system for similar emissions control

performance. Tables 2 and 3 (assumptions
The clean hot gas exiting the LNS Burner andreferences)summarizethe.results.
will be burnedwith final excessair i.n the
boilertoobtainfullheatreleasefromthe AlsoprovidedinTable2 aretheestimates

Q coal. It is in this stepthat care must be comparingthe LNS Burnerandothercandi-
taken to preventtheformationof new datetechnologieswhen appliedtoa new
thermalNO x. plant.The EPC andO&M costsforanew

300-/vIWPC-fi.,_plantbuiltwithconven-
LNS Burner ExpectedPerfommnce tional low NOx burnersandno SO2 emis-

@ sionscontrolarc listed to providethe base
The I.,NS Burner/CycloneRetrofit demon- costs,Theaddedcostsforemissionscontrol
stration is expected to provide an $O2 re- technology and its operation are shown for
duction of 70% (with 90% as an ultimate comparison. Note that these clamrepresent
goal) and very low NOx emissions (0.2 order-of-magnitude costs to evaluate various
lb/MBtu). The thermalenergydeliveredto alternatives. The data neither provide nor

@ the boil=, by the two 200-MBm/hr LNS are intended to be used to determine the ab-
Burners is adequate to generate, solutecostofa specifictechnology,ltis
335,000Ib/hrof steamwithsuperheatto clear,bower=.,thatthe LNS Bum="
90501::at875psig. promisesa low-costoptionforemissions

control.

9) It is expectedthat the bo_r efficiency wilJ
be nearly the =urm as before the retrofit, Conclusions
only affecw,d by' the minor heat loss from
the in.eased qu_mtityofslag.As a result, The key problemforthe utilityindustryis
thegrossheatratewillshow a smallin- and has been to identif'ya cost-effective
crease.The estinmtedoriginalandmodified emissioncontroltechniqueforcoal-fired

Q boiler performam,-eanalysis is presented in boilers. There are many emission control
Table 1. processes available, but for the older cy-

clone plants in particular, the remaining-_e
CostReview economicsLimitsthe affordableoptions,

short of decommiuioning.
An assessmentwasmadeoftheengineering,I
procun_ment,and consu'uction(EPC)and TransAIta'sgoal:_todemonstrsmtheLNS
theoperationandmaintenance(O&M) costs Burnertechnologyasaviableopuonforthe
ona selected500-MW cycloneboiler.This
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cyclone boiler ss soon as possible. This ag- assisted this study with their expertise and
grcssive scheci_e must then conunue with guidance:

@ larger-scale utility demonstrations, thereby
providing a proven, cost-effe_ve emissions BaltimoreGas & Electric Company
control option in the face of pending envi- Union E:lec_c Company
ronmentallegislation. W'_L_consinPower &LightCompanyElectric PowerResearch Institute.
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Figure2. LNS Bum_/Cydone RetrofitSchematic
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Table 1.Estimated Boiler Performance

Steam flow (Ib/hr) 335,000 335,000
Coal Row (Ib/hr) 37,000 36,600

Q Additive(Ib/hr)Limestone 0 6350
Other 0 1750

Emissionsat the stack(Ib/MBtu)
SO2 5.85 1.76

• NOx 1.35 0.2
Particulates 0.1 0.1
Opacity (%) <30 <30

Waste Disposal(Ib/hr)
Slag 3760 9420
FlyAsh 2500 2320
Stack Emissions 40 40

Ash tapped as slag (%) 60 80
Boilerefficiency(net) 88.45 88.05

O

O

®
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Table 2. Tech.ology Cost Comparisonsa

Cyclone retrofit-500 MW plant
• Low NOx/SOx Burner 90/80 130 6.5

• • Wet scrubberwith SCRd 90/80 320 33.2
I IIII II III III I

New 300-MW PC plant (witt, low
NOX Burners) 0/50 1150 10.7

ii II II I IIII I III III I IIII

• Addtd cost for emissions control
• PC plant withscrubber 90/50 170 8.2
• PC plantwith scrubberand SCR 90/80 320 18.2
• Low NOx/SOx Burner 90/80 5 2.7
" Fluidizedbedwith SCRcl 90/80 175 17.5

• * iGCCe 90/80 350 16.7
I I' " ' - '' "'

•These clarahave been compileclandfactoredprincipallyfrom EPRI and DOE publications.The data
representorcler-of-magnituclecosts,'tat maybe usefulfor comparisonsof variousalternativesbut notfor
absolute costsof the specifictecl_noiogy.
bEPC-engineering, procurement,construction.
cOrder-of-magnitudecosts adjuste¢lto June 1988 dollars.
dSCR-selective catalyticreduction(requiredto achieve80% NOx removal).
elGCC-integrated gasificationcombinedcycle

e

o

e

®
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Table 3. Assumptions and References Underlying Table 2
. _- _. i .. i II Jl Jill,li . ] . . _ i ......... ......... ...........

iliiiiiiii!tii_i!ii!i!ii_i!ii!!ii::_:iiiiiiiiiili::ili::i!!;.."::.:iiii!!::i!:ii_!iii::i::::::iiii::ili:_i!i::::ii;iiii_ii::i::iiiii!i_:_:i!iiiiii_um_l_i::ii :_ii!i:_::!iiiiiiiililii ii::ii_:i:::.iii?::iMilii_iiilii!ii:_!i!iii!iiii!iiii!iiili!ilii_i_,iiii_ii_!iiii_i:_iJil_iiii:_i::_ii:_i

1. Capital costsare not site specific. Economic life istaken to bl 30 years.
2. Operatingcosts are based on EPRI data publishedin Refs. 2 and 8 and excludefuelcosts.

SCR O&M costs includereplacingthe catalysisbed after3 years at 2/3 the cost of the original
installationand includenominalcostsfor NH3 at $400/MW.year. SCR hazardouswaste
disposalcostshavebeen excluded. O&M costs alsoinclude (1) scrubberpower consumption

• at 2% gross powerat $0.05/kW.hr and (2) IGCC oxygenpower consumptionat 11.5% gross
power at $0.05/kW.hr,

3. New plantcostswere obtainedfrom Refs. 2 and3. Costs for AFDC (interestduringcon-
struction),start-up, inventory,and land costs were backedout of the data so that alicosts
representedthe basicEPC costs. EPRI costswere factored from 200-250 and 500 MW plants
to obtain costsfor a 300-MW plant. December 1985 EPRI costs were escalatedby 2% for

i) 1986, _/,, for 1987, and '1% for halfof 1988.
4. Rel_wering costsare based on DOE information(Ref. 5). The 500-MW unit inthe reference

has been factored and escalated inthe same manneras used for new plantcosts.
5. Retrofitcosts are from estimatesprepared for TransAlta'sDOE clean coal proposal(Ref. 7) and

fromdata in Ref. 4 that have been factored and escalated.
6. EPRI data basis:

• • Pulverizedcoal (PC) steam cycle conditionsam 2400 psig, 1000=F/1000=F. The steam
generatoris ratedat 2620 psig and 1005=Fat the supemeater outlet.

• Circulatingfluidized be0 (CFB) steamcycleconditionsare 1990 psig,1000°F/1000°F. The
steam generatorsare rated at 2400 psig and 1000"F at the superheateroutlet. The 300.
MWe CFB comprisestwo 150-MWe combinedunits, formingone plant.

• IGCC designand cost are based on a prototypefull-heat-recoveryprocess.
• 7. Low NOx/SOx Burnercosts are assumedto bethe same as conventional PC burnercosts.

8. Coal-burning applicationsuse Easternbituminouscoal (3.5% sulfurby weight).
9. An SCR price of $150/kW for the PC andcycloneplantswas obtainedbyescalatingthe high

range of the EPRI data (German currencyrates)at 10%/year for 2 years. An SCR price of
$75/kW for the fluidizedbed plantwas obtainedby similarlyescalating the lowrange (lessNOx
to be removed)of the EPRI data.

_ 10. Rue gas desulfurization(FGD) costsam basedon Bechters CT-121 processandwere
escalatedto present dollarsfrom Ref. 6.

::_._'. ,, . ;_" ._.... ._::
ii_".__!_ _i!_:

1. EPRI, EC_ U_, Summer _17, No. 9, F.nvtmnmentalConlml System.
i) 2. EPRi, TIcI_ntcall A_ul_ent Guide, Vol. 1, BecClcal Supply, 1986.

3. EPRI, Future Power Plants...Choosing among _ Many Opt/on& a presentationby Stanley
Vejtasa, 1 December 1987.

4. EPRI, Economic Evaluation of FGD Systwwl, CS.3342, October 1986.
5. DOE, The m/_ of Repowering In Ametl_'_ Pow_ Generation Fu_m, November1987.
6. Bechtel, Flue Gas Desuffur/zatlon, The BecMel CT-121

• 7. Bec_elKmnsAita, submlttaito DOE (DE-PS01-88FE81530, Vol. lr,)and asasc_ted estimate.
8. EPRI projectionfor a mature IGCC facility,OcCUr 1987.
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