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1996 COMMISSIONING REPORT EXEWTIVESUMMARY
Power Systems Development Facility

1.0 EXECUTIVE SUMMARY

This report discussesthe commissioningand operationof the transportreactortrainand
associatedbalance-of-plantequipmentat the Power SystemsDevelopment Facility(PSDF)
located in Wilsonville,Alabama. The transportreactoris an advancedcirculatingfluidizedbed
reactor designedto operateas eithera combustor or a gasifierusingone of two possible hot gas
clean-upfiltertechnologies (particulatecontrol device technology, or PCDS) ata component
size readilyscaleableto commercialsystems. During the shakedown,commissioning,and initial
operationphases,the transportreactorwas operatedas a pressurizedcombustor. A
Westinghousesuppliedfiltersystemwas commissioned and operatedalongwith the transport
reactor.

The objectives of the PSDF areto develop advancedcoal-firedpower generationtechnologies
throughtestingand evaluationof hot gas clean-upsystemsand othermajor components at the
pilot scaleand to assessand demonstratetheperformance of the components in an integrated
mode of operation. The primaryfocus of the PSDF project is to demonstrateand evaluatehigh
temperaturePCDS thatarethe singlemost importantcomponent requiredfor successful
development of advancedpower generationsystems.High temperaturePCDSarea common
component of advancedgasificationandAPFBC technologies,both of which will be evaluated
at the facility. The facilityis sizedto testthe components at capacitiesthatarereadilyscaleable
to commercialsystems.

The M.W. Kellogg Company (MWK) and SouthernCompany Services,Inc., (SCS)carriedout
the designand engineeringof themainprocess andba.lance-of-plan~respectively.
Commissioningbegan in September1995 and proceeded in parallelwith constructionactivities.
Constructionof the transportreactorand associatedequipmentwas completed in earlysummer
1996. By midsummerallseparatecomponents and subsystemswere fullyoperationaland
commissioningwork was focused on integrationissuesfor the entiretransportreactortrain. A
schematicprocess flow diagramof the transportreactortrainis shown in figure1-1.

During the months of May andJune of 1996, threemajor start-upmilestonesin the
commissioningof the transportreactorwere completed (1) the firstcomplete systempressure
testup to 385 psig, (2) transportreactorrefractoryjoints curedto 1,000”F, and (3) fluidization
trials. Before therefractoryjointswere cured,the start-upburnerwas commissioned, during
which problems associatedwith the designof theburnerwere largelycorrected. The
fluidizationtrialsused aluminaas the s--up bed material.The aluminawas circulatedwhile
usingthe sin-up burneras a source of hot gas for heatingthereactor. Following fluidization
trials,borescope inspectionsrevealedthatthe reactorloop and cyclone refractorieswere in good
condition.

The feedstock preparationsyste~ bought as a “turn-key”installation,was commissionedin May
andJune 1996. The main aircompressor (CO0201) designedto supply365 psia,400”F air
requiredby the process for combustion, solids conveying,standpipeaeration,and start-up
burner,was declaredfullyoperationalby mid-July1996 aftercommissioningand tuning. The
high pressureaircompressor used to supplyairfor backpulsingtheWestinghousePCD during

1,0-1
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combustion mode was commissioned duringJuly1996. The high-pressurenitrogensystemfor
use duringgasificationmode is currentlybeing commissioned.

The servicewatersystem,demineralizedwatersystem,rawwatersystem,SCSand MWK closed-
loop cooling watersystems,and circulatingwatersystemwere fullycommissioned duringthe
second quarterof 1996. The chemicalti]ection systemsfor the MWK steam/condensate
system,the SCSand theMWK closed-loop cooling watersystem,and the circulatingwater
systemwere testedin April 1996. The MWK steam/condensate systemhydrotestand chemical
cleaningwas completed earlierin November 1995.

Nitrogen is suppliedto the plantby a (BOC) cryogenicnitrogenseparationplant. The medium-
and low-pressurenitrogenpiping pneumatictestswere completed with both being
commissionedin the second quarterof 1996. Interfacelinesto the on-sitenitrogengeneration
plantwere flushedandblown out. Pneumatictestingof the MWK nitrogenpiping was
conducted at 110 percent of designon low, medium,and highpressurelines. In earlyMay,
BOC filledthe backup low and mediumpressureliquidnitrogentanksand began to provide
nitrogenproduct to the facility.

The heat transferfluid (I-ITT’)systemis used to cool the solids thatareremoved from the
transportreactorstandpipe,the sulfator,and the fines fkomthe PCDS. The fluid (UCON-500
from Union Carbide)is circulatedthroughboth the outer shelland the flightsof the screw
cooler in allthreeapplications. The HTF systemwas successfullycommissioned duringthe first
quarterof 1996. The dieselgeneratorthatservesas thebackup power source was operatedin
the lastweek of May 1996.

The finalhot gas clean-upsystem@aghouse) was operatedperiodicallyfrom MarchuntilJunein
bypassmode to provide a flow path for thermaloxidizer (BR0401) commissioningactivities.
The systemwas functionallychecked inJuneandperformed as designed. The bagswere then
preconditionedand the baghouse ashremoval systemwas operatedto remove the ash from the
baghouse to the ash silo.

The propane systemwas pressuretestedand the storagetanksfilled duringthe firstquarterof
1996. An on-line gasanalyzersystemis used to measurethemoisture,SOZ,NOX, OZ,and CO
presenttheproduct gas stream. Partsof the analyzersystemwere commissioned and readyfor
operation.

There arefive MWK-supplied feeder/tmmsportsystemscontrolled by one PLC program.
Commissioningtrialsof the dense-phasesystemsinsidetheprocess sticture were completed in
April 1996 by tmnsferringaluminafrom systemto systemusingtemporarypiping loops to short-
circuitthe systemfor testing. Aluminais being used as a start-upbed materialuntilthe process
hascreatedenough ashto use as a start-upbed. The testmaterialhasa bulk densityof 110
lb/fts and meanparticlesize of 170 pm. As partof the commissioningtests,the solidswere
transportedto the reactorstandpipe. The spentsolids screw cooler (FD0206) was used to feed
the solid from the standpipeto the spentsolids transportersystem(FDO51O)from which the
aluminawas pneumaticallyconveyed to the spentsolids feeder system(FD0530). The sizingof
thealuminacorrespondswith the specificationsfor themill outputs,althoughthe densityis
more thantwice thatof coal ground to the samesize. This densi~ differencefrom original
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design,the easyflowabilityof alumina,and the hardnessof the aluminacrystalspresenteda
challengeto some of the equipment.

The rotofeeders on the coal feed system(FDO21O),the sorbent feed system(FD0220), and the
spentsolids feeder system(FD0530) were problematic. The rotofeederswould seizeand stop
the motor. When therotofeeder (FD0530) was takenapartfor inspection, it was found thatthe
stainlesssteelrotatingpartwas gallingand seizingagainstthe top platewhich allowed ashto fall
throughan open section of theplatewhile therotatingparttakesa fixed volume of ashunder
theplateto the transportroute. The gallingwas thoughtto be due to the abrasivenatureof the
alumina.The plateon top of therotor was scored and the areanearthe shaftindicatedmeta,l-
to-metalgallingwith themetalpossibly causingthe binding. The gap between the rotor and the
top stationaryplatewas increasedby usingshims.

The otherproblem hasbeen associatedwith the Spherivalves. The valvestend to bind between
thevalvehemisphereand thepressureseal. Again, additionalspacinghasbeen added to the
spentand fines transportersystems(FD051Oand FD0520) and standpipeashdrop tubebottom
Spherivalve so thatthe hemispherepartwillnot bind but will stillallow the inflatedsealto
provide sealing. After modifications, the systemsdemonstrated(withsome difficulty)tijection
ratesup to 2,000 lb/hr andwithdrawalratesof over 3,000 lb/hr. Aluminawas conveyed from
the coal feed system(FDO21O)ata rateof about 70 fts/hr or about 7,000 lb/hr.

The recyclegas systemconsistsof the compressor feed cooler (HX0405), a separator,therecycle
gasbooster compressor intakefilter (FL0401),and recyclegasbooster compressor (CO0401).
In combustion mode, recyclegasis used for aerationof the combustor heat exchanger
(HX0203) and spoilinggas to theprimarycyclone (CY0201). Gas not being consumed by the
process is releasedfrom the systemto join themain streamof gas flowing to the inlet of the
thermaloxidizer.

The recyclegasbooster (CO0401) tikes suction from the upstreamside of theprocess pressure
letdownvalve (PV287). Partof thisgasgoes to the compressor feed cooler (HX0405) whereit
is cooled from 600 to 120° F by exchangewith cooling water. The remaining gas bypassesthe
cooler to maintaina 300°F compressor dischargetemperaturethuspreventingcondensation
from occurringelsewherein theprocess. Any condensed liquidin the gas leavingthe cooler is
knocked out in the separator.The gas then enterstherecyclegasbooster compressor intake
filter(FL0401)which consistsof one set of fiberglassfilterelementsmounted in a horizontal
pressurevessel to remove anyparticulatematter.

The recyclegasbooster compressor functionalcheckswere completed in May. A preliminary
checkout/commissioning with the compressor operatingon instrumentairata suctionpressure
around50 psigwas performed. The compressor was commissioned undernormal operating
conditionsinJunewith only minor problems encounteredand solved.

The thermaloxidizer (BR0401)is a downfired,verticalcombustion chamberedvessel. Itsmajor
components area combustion airblower (BL0401)and a horizontalwasteheatrecovery section.
The thermaloxidizerfunctionsas an incineratorand asa steamproducer and also yieldsheatfor
the sta&up of the steamsystem. The wasteheatrecovery section consistsof steamgenerating
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and steamsuperheatingcoils to supplysuperheatedsteamto the reactorduringgasification.The
MWK steamdrum (DR0402) suppliesboiler feed water (BFW) to the generatingcoils via natural
circulation.The fluegas exitingthe thermaloxidizer’swasteheatrecovery sectionwillbe
approximately600”F.

In May, commissioningof the thermaloxidizer beganwith functionalcheckingof both the
blower control loops and programmablelogic controller (PLC) details. The pilot andmain
burnerwere lit successfully. Refractorycure of the thermaloxidizer ata maximumtemperature
of 1,600°F was completed.

Severalproblems were encounteredduringcommissioning of the transportreactorstart-up
burner. After installation,theburnerdid not pass the functionaltestsdue to damageto both the
@itor andthe flamedetectionrod. The originallysuppliedigniterand flamedetectionrod were
found to be unserviceableand had to be replaced. The commissioningwas furthercomplicated
by the lackof a visualflameview port. Severalproblems have arisenduringthe course of the
start-upburnercheck. The burneris thevendor’s firsthigh-pressureapplication,and the design
was inadequateand unsafe for operation as it was received. Severalmodificationswere made to
temporarilyuse the existingequipmentand the burnerhasbeen operatingsince theywere
completed.

There were severalconcerns thatremainedto be addressed: (1) the lackof safe turn-downin
fuel flow, (2) the lackof automaticcompensation for reactorpressurevariations,and
(3) the need for separatepilot combustion air. SCSand MWK had discussionsandparticipated
in an effort to redesignthe burnerto betterand more safelymeet the designspecifications.
Severalproblems with the packingon the burnerigniterwere correctedwith the deletionof the
retractingmechanismfor theigniter. Cooling a.kports were installedon both the igniterand
the flamerod to prevent failuresdue to overheating,and therehasbeen no failureduringthe
subsequentlight-offs. The pilot orifice and the mainburnerdesignswere modified, and the
start-upand operationparameterswere changed. The modifications made to tbe original
burner,with thevendor’s concensus,allowed safe operationand continuationof start-up
activities.The burnerwas originallydesignedfor operationat 50 psig witha firingrateof 3.6
MBtu/&, themodifications allowed operation of the burnerup to 100 psig and 5.0 MBtu/hr.

During the fist successfulcoal combustion characterizationtestrun,the start-upburnerwas
firedto heatthe reactorsystemand aluminawas added as the start-upbed material.Coke
breeze was used to assistreactorpreheatafterthe reactortemperaturereached 1000°F. When
coke breeze ignitionwas established,the start-upburnerwas graduallyrampeddown andwas
finallyshutdown. The reactorpreheatwith coke breeze combustion was continueduntilthe
reactortemperaturewas high enough to prevent coal tarformation. Coal feed injectioninto the
reactorwas theninitiatedon August 18, 1996. Locally availableCalumetmine Alabama
bituminouscoal and Plum Run dolomite were used as the test coal and sorbent.

.

The reactorpressurewas graduallyincreasedfrom 100 to 160 psig duringcoal combustion. The
risertemperaturewas maintainedatbetween 1,600 to 1,650°F. About 86 hours of on-stxeam
coal feedingwas achievedresultingin approximately32.2 tons of coal fed to the unit. Dolomite
wasused asmakeup bed materialbecause of low startingbed level in thereactorand
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combustion heatexchanger. Consequently,its feed ratewas higherthanrequiredfor in situ
sulfurcapture.

Duringthe initialcoal combustion tests,excessivesolids carryoverwas experienced. It was
suspectedthatthe causewas due to eitherpoor disengage andprimarycyclone collection
efficiencies,unstablecyclone dipleg operation,or both. To determinethe cause,disengage
efficiencytestswere performed usingsilicasand. The riservelocity and solids loading to the
disengage were variedto investigatetheireffect on disengage operation. The reactorwas
operatedat approximately60 psig and 200°F. Solid sampleswere takenflom thereactorand
the dischargeof the PCD to measurethe size distributionexitingthe disengage. The particle
size distributionwas relativelyfinerat the beginningof the test. Usingthe solids circulationrate
and the solids collected by thePCD, the averagedisengage efficienciesvariedbetween 84 and
99 percentundervarioustestconditions.

The following generalconclusionswere drawnfrom the disengage efficiencytests:the
disengage efficiencywas lower thanwould be expected for the coarserparticlesize distribution
used for thistes~the disengage appearedto be more efficientat low risersuperficialvelociiy;
and theperformance of tie disengage duringthistestdid not appearto be significantly
different&om itsperformance duringprevious testruns. Basedon theseresults,and assuminga
lower disengage efficiencythanthe designvalueof 97.6 percen~ the primarycyclone inlet
cross-sectionalareawas reducedby approximately50 percent and the circularinletwas changed
to a rectangularinlet cross-sectionto improve the efficiency of the gas-solidsseparationsystem.
In subsequenttestruns,it wasplannedto addressthe cyclone dipleg stabilityproblems through
manipulationof diplegaeration.

Dolomite was fed into the reactorfor in situsulfurcaptureand to improve solids flowabilityin
the cyclone dipleg. Highercoal feedrateswere achievedbecause the solids circulationthrough
the combustor heatexchangerwas higherand smoother with aluminaas the start-upbed
material.Figure1-2 shows the solids circulationand coal feed hours thatwere achievedduring
the combustion testrunsin 1996.

The WestinghousePCD hasbeen operatedthroughoutthe firstyearof operation. Installation
of the filterwas completed inJune 1996. Figure1-3 shows the clusterbeing lifted from the
speciallydesignedlevelsof themaintenancebay. Pressuretestingand commissioningbegan in
July. The tubesheetof the PCD is “sandwiched” between two 84inch flanges. One of the
biggestchallengesduringcommissioningwas sealingthisjoint. Flexitall.icspiralwound gaskets
were used on two occasions, but thevesselcould not operateunder full operatingpressureuntil
the gasketingmaterialwas changedto a 3125SSmaterialmanufacturedby Garlok.

During the initialtesting,the PCD inlettemperaturewas limitedto approximately600”F by
flowing allof thegas fi-omthe transportreactorthrougha gas cooler. The primaryreason for
operatingat the low temperaturewas to minimizethe potentialfor ash deposition and bridging
while the transportreactorstart-upwas underway. During subsequenttest campaigns,the
temperaturehasbeen raisedfirstto l,OOO°Fand is currentlyoperatingatnominally1,400”F.

Throughout the testing,the biggestchallengehasbeen to control the solids carryoverto the
PCD flom the transportreactor. During upsets,the particulateloading to the PCD hasbeen
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measuredin excess of 70,000 ppm. However, as experiencehasbeen gainedwith the operation
of the transportreactor,theparticulateloading hasdecreasedsubstantiallyandis typicallyin the
designrangeof 4,000 to 16,000ppm. In additionto the largeparticulateloading,the particle
size entetig the PCD hasbeen quitelarge. Samplestakenfrom thePCD ash outletoften had a
medianparticlediameterexceeding 100 pm. As with the loading,theparticlesize enteringthe
PCD has decreasedwith operatingexperience.

The largeparticlesize is creditedwith the low baselinepressuredrops measuredacross thePCD.
Typicalvaluesof baselinepressuredrop have been 20 to 25 inches of waterat a face velocity of
3 to 4 fi/min. The pulse systemlogic will activateeitherdue to a high-pressuredrop or aftera
mandatorytimer,which is usuallyset for 30 minutes. Typicallythe pulsesystemonly activates
afterthis30-rninutetimerand beween pukes thepressuredrop usuallyrisesabout 10 inWg
above its baselinepressuredrop. The PCD was inspectedaftereachrun and to datetherehas
been no ashbridgingwithinthe PCD.

An incident occurred duringthe ii.rstcoal firingin 1996 when the ashlevelin the PCD rose
above the filterelements,causingthe failureof the filterelements. Two positive resultsfrom
thisfailurewere thattheWestinghousefailsafedevices operatedsuccessfullyand therewas very
littleparticulatefound downstreamof the filtervessel. Also, methods were developed to detect
theash levelin thePCD cone.

CeramicfilterelementsfkomP~ Coors and Schumacherhavebeen testedto date. Overall,the
PCD hasworked extremelywell duringits firstyearof operationwithvery few mechanical
problems. There hasbeen some dew point corrosion at thevesselmanwaysand the tubesheet
flanges. Increasingthe width of the gasketmaterialcontrolled the corrosion. The gasket
materialcovers the flangedsurfaces,preventedwaterfrom coming in contactwith themetal
surfaces. All of the audaries thatsupport the PCDash remov~ high-pressureair,and high-
-pressurenitrogen-have also worked well once commissioningwas complete.

SouthernResearchInstitute’s(SRI)samplingsystemon thePCD inletwas commissioned during
the characterizationcombustion testruns. The systemis now operationaland haveprovided
valuabledataconfirmingsolids loading to the PCD duringthe testingperiods. Isokinetic
samplesusinga batch samplerand a cyclone manifold haveprovided valuabledatato support
the operation of the transportreactorand PCD. A similarsystemis in theprocess of being
commissioned to measurethe PCD outletparticulateloadings.

The transportreactoris an advancedcirculatingfluidized-bedreactordesignedto operateas
eithera combustor or a gasifierusingone of two possiblehot gasclean-upfiltertechnologies
(particulatecontrol devices,or PCDS)ata component sizereadilyscaleableto commercial
systems. Constructionof the transportreactorandassociatedequipmentwas completedin early
summer1996. By midsummerallseparatecomponents andsubsystemswere fullyoperational
andcommissioningwork was focused on integrationissuesfor the entiretransportreactortrain.

,

Initialoperationof the transportreactorasa combustorwasachievedin August1996. Sincethen
thetransportreactorwiththeWestinghouseflter vesselhasoperatedup to a maximumpressure
of 160psigon coal feed for more than200 hours. Expected coal feed ratesandsolidcirculation
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ratescorrespondingto theoperatingpressurehavebeen achieved. Initialproblemsassociatedwith
the start-upburnerandthe dense-phasesolidtransportsystemshavebeen studiedandresolved.

A number of characterizationtestswere performed with the transportreactoroperatingas a
pressurizedcombustor. A few equipmentproblems thatarose duringcommissioningwere
successfullyaddressed. Stableand controlled solid circulationwas establishedthroughboth the
reactorand combustion heatexchangerJ-legs. As it became necessary,solidswere preferentially
circulatedthrougheitherone or both theJ-legs.

During the firstand subsequentcombustion characterizationtestrunsthe start-upburnerwas
operatedathigherfiringratesandreactorpressures.Also, the reactorsolids circulationandits
effect on temperaturecontro~ solids feedinginto the reacto~ the operationof the Westinghouse
filtervesseland back-puke system,and the operationof the spentsolids, finesdischarge,and
transfersystemswere successfullydemonstrated. Coke breeze-assistedcombustion preheatand
coal combustion start-upsequenceswere also successfullydemonstrated.

Throughout the fist yearof testingtheWestinghousePCD hasbeen in operation. Usingthe
primarygas cooler, the PCD inlettemperaturewas maintainedbelow 1,000”Fas experiencewas
gainedwith transportreactoroperations. Due to problems with the cyclone operationthe
particulateloading and particlesize to thePCD were much largerthandesiredin initialtesting.
The PCD pressuredrop hasremainedlow throughoutallruns. Operationally,thePCD has
worked wellwith few mechanicalproblems. Ceramicfilterelementsfrom P~ Coors, and
Schumacherhave been tested. Isokineticsamplesusinga batch samplerand a cyclone manifold
have provided valuabledatato support the operationof the transportreactorand PCD.

In fiture teststhe cyclone diplegoperationwillbe furthercharacterizedand modified as
necessary,as it is key for stablereactor operation. A long-durationtestwill be performed
to testthe durabilityof the filtercandleswith the transportreactoroperatingin the combustion
mode. Once stablecyclone diplegoperationscanbe proven undervaryingoperatingconditions
the transporttrainwill be operatedin gasificationmode and the filtercandleswill be tested
underreducingenvironmentwith charand ashmixture.
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2.0 INTRODUCTION

This report provides an account of the initial operation of the M.W. Kellogg Company
(MWK) transport reactor and the Westinghouse filter vesselat the Power Systems
Development Facility (PSDF) located in Wilsonville, Alabama, 40 miles southeastof
Birmingham. The PSDF is sponsored by the U. S. Department of Energy (DOE) and is an
engineeringscaledemonstration of two advancedcoal-fired power systems. In addition to
DOE, Southern Company Services,Inc., (SCS)and the Electric Power Research Institute
(EPRI) are cofunders. Other cofunding participantssupplying services or equipment
include MWK, Foster Wheeler, Westinghouse, IndustrialFilter & Pump, Combustion
Power Company, and Nolan Multimedia. SCS is responsible for commissioning and
operation of the PSDF.

The transport reactor is an advancedcirculatingfluidized-bed reactor acting as either a
combtistor or as a gasifierusing one of three possible hot gasclean-up filter technologies
(particulatecontrol devices or PCDS) at a component size readily scaleableto commercial
systems. Design and construction of the transport reactor and required associated
equipment were completed in early summer 1996. By midsummer all separate
components and subsystemswere fully operational and commissioning work focused on
integration issuesfor the entire reactor system. At the sametime, the first set of ceramic
candleswas loaded into the Westinghouse PCD. Initial operation of the transport reactor
as a combustor was completed in lateAugust, with further combustion commissioning
tests completed in the lastquarter of 1996.

2.1 THE POWERSYSTEMS DEVELOPMENTFACILITY

SCS entered into an agreementwith DOE/FETC for the design, construction, and
operation of a hot gasclean-uptest facility for gasificationand pressurized combustion.
The purpose of the PSDF is to provide a flexible test facility that can be used to develop
advanced power system components, evaluateadvancedturbine system configurations, and
assessthe integration and control issuesof these advancedpower systems. The facility
would provide a resource for rigorous, long-term testingand performance assessmentof
hot streamclean-up devices and other components in an integratedenvironment.

The PSDF consists of five modules for systemsand component testing. These modules
include an advanced pressurizedfluidized-bed combustion module (APFBC), advanced
gasifiermodule, hot gasclean-upmodule, compressor/turbine module, and a fuel cell
module. The APFBC module consists of Foster Wheeler technology for second-
generation PFBC. This module relieson the partialconversion of the coal to a fuel gasin
a carbonize with the remaining char converted in a PFBC. Both the fuel gasand PFBC
exhaustgasstreamsare filtered to remove particulate, then combined to fire a combustion
turbine. The advanced gasifiermodule includesMWK’s transport technology for

2.1-1

,.... .. ... “----- -.-r — . . . . . . ———....—.—. _ e-------- .-=— —. .-.-— .—- --- . -



Introduction 1996 Commissioning Report
The Power Systems Development Facifity Power Systems Development Facility

pressurized combustion and gasificationto provide either an oxidizing or reducing gas for
parametric testing of hot particulatecontrol devices. The filter systemsthat will be tested
at PSDF include PCDS supplied by Combustion Power Company from Menlo Park,
Califomi~ IndustrialFilter& Pump (IF&P) from Cicero, Illinois; and Westinghouse from
Pittsburgh, Pennsylvania.

Construction of the transport reactor train along with the necessarybalance-of-plant
systemswas completed by mid-1996. Various equipment and systemswere commissioned
during the final stagesof construction. This was followed by start-upof the entire train
and commissioning and combustion characterizationtests.

. I

On the APFBC system, the major activities in 1996 have been completion of final stagesof
design and procurement of major equipment and bulk items. The APFBC train is
currently under construction and commissioning activitiesassociatedwith simple cycle
operation will start in the lastquarterof 1997.
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2.2 TRANSPORT REACTORSYSTEM DESCRIPTION

The transport reactor train operating in the combustion mode is shown schematically in
figure 2.2-1. A taglistof all major equipment in the process train and associatedbalance-of-
plant is provided in tables 2.2-1 and 2.2-2. Two PCDS are shown in this flow diagram;
however, during operations only one PCD will be tested at a given time with the transport
reactor. The intent is to be able to install,change out, or provide maintenanceon a second
PCD while another is being tested. This will result in increasedflexibility for the test
facility and will reduce downtime. The facility is sized to process nominally 2 tons/hour
of coal. This size will generatesufficient gasto test the PCDS at a minimum of 1,000
ACFM of gasat the PCD inlet. Indirect cooling of the gasfrom the transport reactor will
allow testing of the PCDS with inlet temperaturesbetween 1,000 and l,800°F and at
pressuresranging from 184 to 283 psia. The PCD in this trainwill receive coal-ashladen
gasfrom the transport reactor, which can operate in either gasificationor combustion
mode. The gasexiting the PCDS will be thermally oxidized in the gasification mode,
cooled_and filtered in a baghouse before dischargefrom a stack. The ashproduced in the
gasification mode will be sulfatedprior to disposal.

Coal is ground to an averageparticle diameter of about 100microns when the transport
reactor is operated in gasification mode and to 200 microns averageparticle diameter in
combustion mode. Sorbent is ground to an averageparticle diameter of about 100
microns. Both coal and sorbent are fed continuously at a controlled rate by feeders to a
transfer line where they are picked up by the conveying gasand fed to the transport
gasifier/combustor.

Air is compressed to about 35o psia in the main air compressor and fed directly to the
transport reactor. For start-uppurposes, a burner (J3R0201)is provided at the reactor
mixing zone. Liquefied propane gas (LPG) is used as start-upfuel. Solids and gasfeeds
enter the reactor in a mixing zone at the bottom where they mix with recycle solids from
the disengage cyclone. Coal conversion begins in this zone and the reaction mixture
flows upward into the narrower riser section at high velocity and then flows to the
disengager.

The reactor will typically operate at temperaturesof 1,600 to l,650°F in combustion
mode. Provision is made to inject air at severaldifferent points along the riserto control
the formation of NO= Limestone/dolomitic sorbents, fed with the coal, areused for
sulfur capture thus eliminating the need for downstream facilitiesto reduce plant sulfur
emissions.

Solids and gasesleavingthe reactor flow to the disengage for bulk separationof the two
phases. Most of the solids collected in the disengage are recycled to the reactor. The net
solids (consisting of coal ash and spent sorbent) are sent to a solids cooler for cooling prior
to disposal. In the combustion mode, heat removal from the reactor system is necessaryto
control the reactor temperature. This is accomplished by removing solids from the
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disengage, cooling the solids in the combustor heat exchanger (HX0203), and returning
the solids to the reactor system.

The gasleaving the disengage still contains a high loading of particulate. It is then sent to
a cyclone system for additional solids recovery prior to being fed to the PCDS. The
cyclone is provided with spoiling gasto vary the solids loading in the effluent gas. The
conditioned gasenters the PCD where essentiallyall of the remaining particulate in the
gasare removed. The cleaned gas leavingthe PCD is sent to a secondary gascooler
(HX0402) and ultimately cooled to about 6000F. All gasand solids cooling are
accomplished by generatingsteam. A portion of the cooled gasis further cooled in the
compressor feed cooler (Hx0405) and sent to the recycle gasbooster compressor
(CO0401) which increasesthe pressureto about 400 psia. This gas is used as carrier gas for
coal/limestone feed, for aeration gas,and as fluidization gasfor the solids coolers.

,

The main gasstreamfrom the secondary gascooler is cooled further by dilution air and
cleaned of any remaining particulate in a baghouse before being dischargedto a stack.

2.2-2
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Table 2.2-1

Major Equipment in the Transport Reactor Train

TAG NAME DESCRIPTION

BR0401 Reactor Start-Un Burner,

I BR0401 I Thermal Oxidizer
BR0602 I Sulfator Start-Up/PCD Preheat Burner I
CO0201 Main Air Compressor
CO0401 Recycle Gas Booster Compressor
CO0601 Sulfator Air Compressor
CY0201 Primary Cyclone in the Reactor Loop
CY0207 Disengage in the Reactor Loop
CY0601 Sulfator Cyclone
DR0402 Steam Drum

I DY0201 I Feeder Svstem Air Drver I
FD0206 Spent Solids Screw Cooler
FDO21O Coal Feeder System
FD0220 Sorbent Feeder Svstem
FD0502 Fines Screw Cooler
FDO51O Spent Solids Transporter System
FD520 Fines Transporter Svstem
FD0530 Spent Solids Feeder System
FD0602 Sulfator Solids Screw Cooler
FDO61O Sulfator Sorbent Feeder Svstem
FL0301 PCD– Westinghouse
FL0302 PCD – Combustion Power
FL0401 Commessor Intake Filter
HX0202 Primary Gas Cooler
HX0203 Combustor Heat Exchanger
HX0204 TransrIort Air cooler
HX0402 Secondary Gas Cooler
HX0405 Compressor Feed Cooler
HX0601 Sulfator Heat Recoverv Exchanaer

I ME0540 I Heat Transfer Fluid System I
RX0201 Transport Reactor
S10602 Spent Solids Silo
SU0601 Sulfator
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Table 2.2-2 (Page 1 of 3)

Major Equipment in the Balance-of-Plant

TAG NAME I DESCRIPTION

B02920 I Auxiliary Boiler
B02921 Auxiliary Boiler - Superheater
CL21OO Coolina Tower

I C02201A-D I Service Air Comwessor A-D I
C02202 Air-Cooled Service Air Compressor
C02203 High-pressure Air Compressor

I C02601A-C I Reciorocatirxr N9Compressor A-C I
CRO1O4 Coal and Sorbent Crusher
Cvoloo Crushed Feed Conveyor
CVOIQ1 Crushed Material Convevor
OP2301 Baghouse Bypass Damper
OP2303 Inlet Damper on Dilution Air Blower
DP2304 Outlet DamtIer on Dilution Air Blower
DY-2201A-D Service Air Dryer A-D
DY2202 Air-Cooled Service Air Compressor Air Dryer
DY2203 High-pressure Air Commessor Air Drver

I FDO1O4 I MWK Coal Trans~ort Svstem I
FDO1ll MWK Coal Mill Feeder
FD0113 Sorbent Mill Feeder
FD0140 Coke Breeze and Bed Material Transoort Svstem

I FD0154 I MWK I-imestone TransRort Svstem I
FDO81O Ash Unloading System
FD0820 Baahouse Ash Transr)ort Svstem

I FL0700 I Bauhouse I
FN0700 Dilution Air Blower
HOO1OO Reclaim Hopper
HOO1O5 Crushed Material Surae HODDW

I HO0252 I Coai SurmeHorrrrer I
HO0253 Sorbent Surge Hopper
HT2101 MWK Equipment Cooling Water Head Tank
HT2103 SCS EauirIment Coolina Water Head Tank

I HT0399 \ 60-Ton Bridge Crane I
HX2002 MWK Steam Condenser
HX2003 MWK Feed Water Heater

,
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Table 2.2-2 (Page 2 of 3)

Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION

HX2004 MWK Subcooler
HX2103A SCS Cooling Water Heat Exchanger
HX2103C MWK Coolina Water Heat Exchanaer
LF0300 Propane Vaporizer
MC3001-3017 MCCSfor Various Equipment
ME0700 MWK Stack
ME0701 Flare

i ME0814 I Dr~Ash Unloaderfor MWKTrain I
MLO1ll Coal Mill for MWK Train
ML0113 Sorbent Mill for Both Trains
PG2600 Nitroaen Plant

I PU2000A-B I MWKFeed Water Pum~A-B I
PU21OOA-B Raw Water Pump A-B
PU2101A-B Service Water PumDA-B

I PU2102A-B I Coolirm Tower Make-UD PumDA-B I
PU2103A-D Circulating Water Pump A-D
PU2107 SCS Cooling Water Make-Up Pump
PU2109A-B SCS Coolina Water PumDA-B
PU21 11A-B MWK Cooling Water Pump A-B
PU2300 Propane Pump
PU2301 Diesel Rollins Stock Pumo

I PU2302 I Diesel Generator Transfer PumD I
PU2303 Diesel Tank Sump Pump
PU2400 Fire Protection Jockev Pumo
PU2401 Diesel Fire Water Pump #1
PU2402 Diesel Fire Water Pump #2
PU2504A-B Waste Water Sump Pump A-B
PU2507 Coal and Limestone Storaae Sumo Pumo
PU2700A-B Demineralize Forwarding Pump A-B
PU2701 SCS Closed-Loop System Make4Jp Pump
PU2711 Corrosion inhibitor PumD

! PU2713 I Waste Water Ah!mpumD I
PU2714 Waste Water Caustic Pump
PU2720 Acid Pump
PU2721 Waste Water Acid PumD

2.2-5
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Table 2.2-2 (Page 3 of 3)

Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION

PU2730 MWK Steam System Phosphate Pump
PU2740 Cooling Tower Sodium Bisulfate Pump
PU2741 Cooling Tower Sodium Bisulfate Pump
PU2750 MWK Steam System 07 Scavenger and pH Pump
PU2900A-C Chemical Injection Pump A-C
PU2920A-B Auxiliary Boiler FeedWater Pump A-B
SB3001 125V DC Station Batterv
SB3002 UPS
SC0700 Baghouse Screw Conveyor
SG3000-3005 4160V, 480V Switchgear Buses
Slolol MWK Crushed Coal Storage Silo
SIO1O3 Crushed Sorbent Storage Silo
Slolll MWK Pulverized Coal Storaae Sila
SI0113 MWK Limestone Silo
SI0114 FW Limestone Silo
S1081O Ash si]O

ST2601 N7 Storage Tube Bank
TK2000 MWK Condensate Storage Tank
TK2001 Condensate Tank
TK2100 Raw Water Storage Tank
TK2300A-D Propane Storage Tank A-D
TK2301 Diesel Storage Tank
TK2400 Fire Water Tank
XF3000A 23014.16 kV Main Power Transformer
XF3001B-5B 41601480V SS Transformer No. 1-5
XF3001G 4801120V Miscellaneous Transformer

IXF301OG
t
I 1201208Distribution Transformer I

XF3012G UPS Isolation Transformer
VS2203 High-Pressure Air Receiver

. I

2.2-6
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2.3 WESTINGHOUSEPARTICULATE CONTROLDEVICE

Three different PCDS will be evaluatedon the transport reactor train. The first PCD that
was commissioned in 1996was the filter system designedby Westinghouse. The dirty gas
enters the PCD below the tubesheet. The dirty gasflows through the candle filters, and
the ash collects on the outside of the filter. The clean gaspassesfrom the plenundcandle
assembly through the plenum pipe to the outlet pipe. As the ash collects on the outside
surface of the candle filters, there will be a gradualincreasein the pressuredrop across the
filter system. The filter cake is periodically dislodged by injecting a high-pressuregaspulse
to the clean side of the candles. The cake then falls to the dischargehopper. During the
1996 commissioning, the transport reactor was operated in combustion mode and the
pulse gaswas high-pressureair. The pulse gaswas routed individually to the two
plenundcandle assembliesvia injection tubes mounted on the top head of the PCD vessel.
The pulse duration was typically 100 to 500 milliseconds (0.1 to 0.5 seconds).
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2.4 BALANCE-OF-PLANT

Balance-of-plantto support the operation of the transport reactor train consists of a
number of systems, most of which are of conventional design and commercially available,
Deviations from conventional design either due to the sizing of the facility or process
requirements are discussedin section 4.o. A listing of major components is given in
table 2.2-I.

PSDF\1998\2_0.doc
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3.0 SCHEDULEOFPSDF START-UPI
COMMISSIONING ACTIVITIES

All of the equipment required for combustion mode operation of the transport reactor
system was installedby midsummer 1996. Commissioning began in September 1995 on
subsystemsas they were completed and proceeded in parallelwith the final construction
activities. Commissioning testsand combustion characterizationfollowed on the entire
train in an integrated operation. Tables 3-1 and -2 provide installation,checkout, and
start-updatesof various systems. Table 3-3 provides the commissioning and
characterization test run time periods and major eventsassociatedwith the test runs.
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Table 3-1 (Page 1 of 2)

Operational Dates for Various Systems in the Transport Reactor Train
Along With Systems Associated With the Westinghouse PCD and Balance-of-Plant

PSDF – SYSTEMS
CHECKOUTISTAI%T-UPIIIOMMISSIONING

COMPLETION DATES

System Operational Date

I Foxboro 1ADistributed Control Svstem I Julv 1995
Station Service – Electrical September 1995
Demineralized Water November 1995
Chemical Cleanina of SteamlCondensate Oecember 1995

- Heat Transfer Fluid System December 1995
Raw Water January 1996
Fire Water Januarv 1996

I Service Water [ Januarv 1996
Cooling Tower Make-up Water January 1996
MWK Steam Generation January 1996
MWK Condensate Januarv 1996
Screw Cooler - FD0206 February 1996
Screw Cooler - FD0502 Februarv 1996

I Sulfator Heat Exchanoer and Steam LooDs ] Februarv 1996
Circulating Water March 1996
Cooling Tower April 1996
Instrument Air Ar)ril 1996
BOP Closed-Loop Cooling Water ApriI 1996
MWK Closed-Loop Cooling Water APril 1996
Dense-Phase - FD021 O Aoril 1996

I Dense-Phase - FD0220 I Aoril 1996
Dense-Phase - FD051 O April 1996
Dense-Phase - FD0520 Aoril 1996

] Dense-Phase - FD0530 I ArIril 1996
Thermal Oxidizer & Waste Heat Boiler May 1996
Waste Water Treatment May 1996
Emergency Electric Generator May 1996
ProDaneSUDDIV Mav 1996

Transport Reactor Impulse Line Purge June 1996
Transport Reactor Instrumentation June 1996
Low-Pressure Nitroaen June 1996
Medium-Pressure Nitrogen June 1996

~Liquid Nitrogen Supply June 1996

,

3.0-2
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Table 3-1 (Page 2 of 2)

Operational Dates for Various Systems in the Transport Reactor Train
Along With Systems Associated With the Westinghouse PCD and Balance-of-Plant

PSDF - SYSTEMS
CHECKOUTISTART-UPICOMMISSIONING

COMPLETION DATES

System Operational Date

High-Pressure Back.pulse Air June 1996
MWK Coal Pulverizer June 1996
Limestone Pulverizer June 1996
TransDort Reactor Solids Fluidization I ‘ June1996
Transport Reactor Pressure Boundary June 1996
Dense-Phase- FD0140 July 1996
Dense-Phase. FDO1O4 July 1996
Dense-Phase- FDO154 shh 1996
Dense Phase - FD0820 July 1996
Low-Temoerature Baahouse Juh 1996
Baghouse Dilution Fan h$f 1996
Nitrogen Separation Plant Juty 1996
MWK Process Air Compressor JU!V 1996
MWK Dense-PhaseTransport Air Ju[y 1996
Transport Reactor Start-Up Burner th[y 1996
Sulfator Start-Up Burner thiy 1996
Westinghouse PCD July 1996
Transport Reactor Pressure Relief Valves hdy 1996
MWK Recycle Gas Compressor July 1996
Pracess Gas Analysis Ju[y 1996
Solids Sampling hiy 1996
Feedstock Reclaim Conveyor July 1996
MWK Ash Storage and Transfer Juiy 1996
High-Pressure Back-pulse Nitragen September 1996
Sulfator Air Compressor October 1996
SRI Batch Sampling Systems October 1996
Dense-Phase- FDO61O November 1996
Dense-Phase- FDO81O November 1996
Flare and Flare Seal Tank Februarv 1997
Sulfatar Pressure Boundary
Sulfator Pressure Relief Valves
Sulfator Impulse Line Purge
Sulfator Solids Fhridizatian
Combustion Power PCD

3.0-3
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Table 3-2

Chronology of Major Events During Installation, Checkout, Shakedown,
and Commissioning of Westinghouse PCD and Associated Systems

Event Date Major Event

May 1995 Installation of PCD into structure.

May 1995 – March 1996 Completion of MWK refractory lined and process piping,

March 25-29, 1996 Installation of Westinghouse PCD internals and filter elements.

April - May 1996 Installation of Westinghouse PCD instrumentation.

May - June 1996 Check out of pulse skid,

July 14,1996 Initial pressure test of PCD. Main girth flange leaked.

[ hiy 15-18,1996 I Troubleshooting of PCD gasket. I
I

Juiy 19-21,1996 Pressure test of PCD. Gasketleaked at 180 psig.
I

July 22-26,1996 Test Run CCT1A.

August 3-5,1996 Test Run CCT1B.

August 14-21,1996 Test Run CCT1C (80 hours on coal). At end of run it was
discovered that 77 of 91 filter elements were broken.

September 3-6,1996 Filter elements replaced.

I October 2-17,1996 I Test Run CCT2A.
I

November 4-7,1996 I Test Run CCT2B.
I

November 14-22,1996 I Test Run CCT2C. Successfully completed
146-hour coal feed.

.

I

December 11-12,1996 Test Run CCT3.

3.0-4
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Table 3-3 (Page 1 of 2)

Chronology of Initial Commissioning and Characterization Test Runs

RUN RUN HOURS ON COAL FED, REASONS FOR COMMENTSI

NO. DATE COAL TONS TERMINATION MILESTONES

CRO1 5/30 - Scale deposition in start- Test objective was to cure
6/6196 up burner propane lines. reactor refractory using

start-up burner.

CR02 6/10 - Successful test run. Cured transport reactor
6/1 5/96 refractory up to 1,000””F.

CR03 6/1 8- Dust plume in stack. Gas passed through empty
6/19/96 CPCfilter vessel.

CR04 6/26 “ PV287 failure due to 1. Gas passed through
7/1196 erosion. empty CPCfilter vessel.

2. Recycle gas booster
compressor tested
successfully.

CCTIA 7120- Start-up burner failure, 1. Batch coke breeze
7/27/96 FD0206jammed. feeding was attempted.

2. Pressure letdown valve
was later found eroded.

CCT1B 7/31 - PV287 failure due to No coke breeze fed.
8/6/96 erosion.

CCTI C 8114- 80 32 PCD filter pluggage; loss Dolomite was used for bed
8/21/96 of level instandpipe material make-up.

resulting inreducedlloss
of solids circulation.

CCT2A 1012- Start-up burner flame Silica sand used as
10I17I96 rod failure andexcessive starting bed material for

loss of bed material. the first time.

CCT2B 1114- Fines screw cooler 1. Stopped batch coal feed
1117196 tripped and was not due to Fines screw cooler

detected possibly trip.
causing high level of 2. Once PCD was clear of
solids in PCD. solids, burner relight was

unsuccessful due to the
shorted flame tip.
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Table 3-3 (Page 2 of 2)

Chronology of Initial Commissioning and Characterization Test Runs

RUN RUN HOURS ON COAL FED, REASONS FOR COMMENTSI
NO. DATE COAL TONS TERMINATION MILESTONES

CCT2C 11114- 146 32 Coal feeder problems, 1. Poor solids circulation
11/22/96 loss of standpipe level. through combustor heat

exchanger.
2. Solids carryover to
PCD, at times, was
excessive.

CCT3A 12111- - - Successful test run. Tests performed at
12/12/96 different circulation rates

and riser velocities to
evaluate disengage
performance.

3.0-6
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4.0 DESIGN, PROCUREMENT,AND INSTALLATION

This section covers a number of alternativedesignsthatwere considered during the
conceptual stagedue to the dual mode of operation of the transport reactor and the need
for parametric testingof the filter system. Due to first-of-a-kind (FOAK) process design
and novel design of a number of pieces of equipment (including the transport reactor at
the PSDF scale), certainprocurement difficultieswere expected which needed a greater
than normal interaction with the vendors. This is discussedin section 4.2. Experiences
associatedwith the FOAK installationof the entire transport reactor loop and the nearly
seamlesstransition from detailedengineeringdesignto integratedinstallationof all process
equipment and piping in the transport reactor train are discussedin section 4.3. Major
design alternatives,procurement, and installationissuesassociatedwith the balance-of-
pkmt equipment are also discussedbelow.

4.1 CONCEPTUAL DESIGN

4.1.1 Transport Reactor Train

4.1.1.1 Transport Reactor Loop

The transport reactor loop and the transport reactor train built at PSDF are the result of
several iterations and compromises made to reduce the overall project cost. Operating
experience of transport reactor development unit (TRDU) at the Energy and
Environmental Research Center of University of North Dakota @ND/EERC) also
resulted in redesign of the holo-flite screw seal. Some of the significantiterations and
compromises made are discussedin this section.

4.1.1.2 Dual Role of the PSDFTransport Reactor

Early in the project, M.W. Kellogg Company (MWK) proposed to build two transport
reactors. One reactor would operate as a gasifierand the other would operate as a
combustor. The U.S. Department of Energy (DOE) did not accept this proposal. A
compromise was reachedto design a single transport reactor that was capable of operating
asa gasifierand a combustor. This posed some design challenges. The ash (in combustion
mode) and char (in gasification mode) have dissimilarproperties. The ash is more dense
and has different flow properties than char. This impacted the cyclone and standpipe
design, dipleg height (overall reactor height), and location of dipleg entry into the
standpipe.

4.1.1-1
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4.1.1.3 Reactor Operating Pressure

The design pressureof the transport reactor was reduced from 400 to 35o psig to avoid
high pressure seal development and associatedcost for the holo-flite screw coolers. The
vendor’s design experience was up to 350 psig.

The maximum reactor operating pressurewas reduced from approximately 310 to
approximately 290 psig to provide the safety margin required for the design. The
transport air booster compressor for the Clyde feederswas eliminated as a resultof the
reduction in the maximum reactor operating pressure.

4.1.1.4 Feed Systems

Clyde pneumatic feed systems replaced the coal and sorbent feed systemsoriginally
proposed. The surge bins and lockhoppers in the final designwere integratedfor smooth
operation. The rotary feeders and associatedlockhoppers in the original flow sheetwould
have caused solids flow problems due to size inconsistency of the coal and sorbent. Clyde
pneumatic feed system was also selectedfor feeding char into the sulfator.

Cooled compressed air (from the main air compressor) with nitrogen backup replaced
recycled flue gas (combustion mode) and recycle fuel gas (gasificationmode) as coal and
sorbent transport gas. This simplified the feed system design. The uncertainty of a
suitable source of cooling water for the transport air heat exchanger (HX0204) resulted in
severaldesign iterations.

4.1.1.5 Transport Reactor

The design of a single reactor to operate asa gasifierand a combustor resulted in many
compromises. The density, particle size, and flowability of the circulatingsolids in
combustion mode are different from those in gasificationmode. The solids level in the
standpipe required for the desired high solids circulation ratedepends on the operating
mode and is limited by the dipleg height, which in turn depends on the submergence of
the dipleg dischargeinto the standpipe. Gasification mode controlled the design of the
reactor loop. Other design flexibilities were eliminatedto reduce the cost of the project.

The design and arrangementof the transport reactor solids separationsystemswent
through several iterations in order to meet the specified rangeof exit dust loading to the
PCD. In the final design, the two paralleltwo-stage cyclone system (downstream of the
disengage) with complex piping arrangementwas replaced with one primary cyclone.
The compromise made in the final designwas driven by the need to:

● Supply the range of solid loading desired.

. Provide sufficient solids traffic through the cyclone to minimize differential
thermal growth between the standpipeand cyclone dipleg.

/

4.1.1-2
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A moderately high-efficiency disengage, followed by a cyclone, satisfiedthese
requirements. Detuning of the cyclone was selectedasthe method for increasingthe dust
loading and, probably, the averageparticle size to the PCD.

Severaliterations of the mechanical arrangementof the burner duct, HX0203 and reactor
J-leg returns were made to meet process and thermal stressrequirements. The flue gas
used in the preliminary design as fluidization/aeration gasin combustion mode of
operation was replaced with compressed air. Nitrogen quench for BR0201 was added to
be used for restartin gasificationmode to limit the oxygen concentration in the burner
flue gas.

4.1.1.6 Oxygen Gasification Case

The reactor system was rated for future oxygen gasificationof coal. This resultedin a
more stringent areaclassificationfor the reactor area. All instrumentation and electrical
conneiitions were required to meet the appropriate electricalcode.

The sulfator designwas impacted due to the lower conversion resultingin higher carbon
feed rate. To meet the required volumetric gasflow to the PCD, the reactor operating
pressurewas reduced insteadof increasingcoal feed rateto generatethe required 1,000
acfm at 290 psig. Increasingcoal feed ratewould have increasedthe size of the coal and
sorbent feeders, and solids withdrawal systemsand their cost.

4.1.1.7 Solids Withdrawal Systems

Screw Coolers

The fluidized bed cooler for reactor solids and radiationpipe cooler for PCD solids were
replaced with holo-flite screw coolers. To prevent gasleakage,the pressuresealdesign
(similarto the TRDU holo-flite screw sealdesign)went through severaliterations after the
TRDU holo-flite screw sealdesign failed repeatedly during operation at 120 psig.

Solids Depressurization and Transport

The spent reactor solids and filter fines withdrawal lockhopper/eductor systemswere
replaced with Clyde pneumatic transport systems. The spent solids in the fiial design are
conveyed into a common vessel (FD0530) from which they are either disposed of
(combustion mode) or fed into the sulfator (gasificationmode). The design of FD0530 was
integratedwith the transporterswith sui%cienthold up for smooth feeding of the sulfator
in gasification mode of operation.

4.1.1-3
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4.1.1.8 Sulfator

Considerable effort was spent in establishingthe dischargepressureof the sulfator air
blower (CO0601). This was done to keep the size of the blower within a smaller and less
expensive frame size. Otherwise, a blower greaterthan that for largeroversize frame
would have been selectedat a cost approximately five times the cost of the smaller frame
size.

4.1.1.9 Recycle Gas Loop

The recycle gas loop designwas improved as follows:

1.

2.

3.

4.

5.

The recycle gassupply to the recycle gascompressor (CO0401) was subcooled to
120 insteadof 300”F in the conceptual designto permit the purchase of a more
conventional compressor thus, reducing the cost and increasingthe reliability and
availability of the compressor. The condensed moisture was separatedfrom the gas
prior to compressing.

Temperature control of compressor inlet gasusing gasbypass around HX0405 was
provided to maintainthe compressor inlet temperatureat approximately 120”F.

An in-line filter was installedupstreamof the compressor to protect it from
particulatematter in caseof PCD failure.

Nitrogen back-up was provided for start-upand also when the compressor trips.

A nozzle was provided upstreamof the compressor for injecting Nz to lower the
Hz content in the inlet gasto CO0401 to acceptablelimits during oxygen
gasification mode.

4.1.1.10 GasCoolingandPressure Reduction

Severalschemes were considered for control of gasinlet temperatureand volumetric flow
rateto the PCD. These included:

1. Heat exchangerwith internalbypass.

2. Heat exchangerwith externalbypass with valve or restriction orifices (RO).

3. Gas quench.

The use of a high-temperaturevalve and ROS was considered for reducing the gaspressure
at the inlet of the PCD to maintain 1,000 acfm when the inlet temperature is lower than
reactor operating temperature.

,

4.1.1-4
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4.1.1.11 PCD Bypass

Early in the project, a bypass was provided around the PCD for start-up,shut down, and
during PCD failure. The bypass was deleted in the final design for the following reasons:

1. The transport reactor system designwas required to resemble closely a commercial
design in which gasbypass would not be provided.

2. The bypass would require continuous hot gasflow to keep it hot.

4.1.1.12 Filter Particulate Loading Reduction

A preliminary study was conducted to determine equipment requirements for lowering
the particle loading to as low as 1,000 ppm(w) without any modification to the existing
gas-solidseparationsystem. The lower particle loading was desired for the granularbed
filter. ‘It was determined that an additional cyclone, ash cooling, and fines transport
system were needed in the process afterthe primary gascooler. Preliminary design and
equipment layouts have been completed.

4.1.1-5

. -’. -. , n-..- .--. — .- ------ YL-.m-,y. ,.-: . _ . . . ,, 7’?-. .. . ..+..” m.. ,-~ . ,,= x.,....,< . . . . .



1996 COMMISSIONINGREPORT DESIGIV PROCUREMENT ANO INSTAUA TION

Power Systems Development Facility ConceptualDesign - Balanceof-Plant

4.1.2 Balance”of-Plant

During the course of construction, start-up,and commissioning of the PSDF balance-of-
plant equipment and the MWK transport reactor, designshortfalls in severalsystemsand
components were discovered and addressed. Severalof thesewere due to assumptions that
were made during the early phasesof designthat were significantly changed during the
final design phase. Others were due to a failure to anticipatethe requirementsof operating
at lessthan design conditions during start-upsand low load operations. A couple of
modifications were due to the advancement of technology for this application.

The negative impact of having to modify design assumptionsmade early in the project was
minor in comparison to the overall schedule improvements that resultedfrom these early
assumptions. The wastewatertreatmentsystem was one such system thatwas modified as
a result of a tighter than expected NPDES (discharge)permit. The closed-loop cooling
water systems and the cooling tower were also subjected to a major revision during the
final design iteration due to largeincreasesin the heatrejection requirements (especiallyby
the Foster-Wheeler process). Other designassumptionsthat significantlyaffected the
procurement cycle of the feedstock preparation equipment were Foster-Wheeler
expectations that dolomitic stone would crush exactly the same as coal and their extremely
tight particle sizing requirementsfor the pulverizer systems. The time constraints of the
project required that the designtasksthat areusuallysequentialin naturebe done in
parallelwith the additional labor required to adjustfor the changesfrom an assumed
design parameter.

Both MWK and Foster Wheeler completed their designslargelybased on one operating
condition (MWK had one condition for combustion and another for gasification,with
gasification taking precedence in conflicts). There were severalinstanceswhere
modifications were required to controllably maintainprocess conditions at lessthan the
design points, especially due to the velocity/mass flow relationshipwith respect to
pressure (velocity increasesat a given massflow aspressuredecreases). A few flow and
backpressure valves were modified to allow controllability at the required burner
operating pressure of sOpsig, including the custom Whispertrim in the main process
letdown valve (PV-287). Instrument purges and fluidizing flows were designedto operate
at multiple setpoints, forcing continual adjustmentof thesevalveswhile adjustingthe
reactor pressure. On systemsconnected to a combustion turbine, a single-pressuredesign
is acceptable due to the constant compressor dischargeof the combustion turbine with a
direct connected generatov but, for systemsnot connected to a combustion turbine,
automatic compensation for changing operating pressuresis needed.

On the other hand, severalpieces of equipment were designedfor excessivelywide
operating ranges:the propane vaporizer, the MWK condensate coolers (condenser and
subcooler), the thermal oxidizer, and the transport reactor start-upburner. In the caseof
the coolers and the thermal oxidizer, only minor modifications to the operating
procedures and controls configuration were needed for adequateoperation at l/20th the

4.1.2-1
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design flow. Increaseddemand or the addition of a smallervaporizer for low-flow
conditions will solve the propane vaporizer problems. The reactor start-upburner has
received extensive modifications that are detailed elsewhere in this commissioning
document, including raisingthe firing rate,pressure,and temperature, and modifying the
pilot burner.

The technology issueswere focused on high-pressure/temperatureapplications that (for
the first time) are being addressedat the PSDF. The combination of both oxidizing and
reducing corrosive gasesat high temperatures(up to I,8000F) and pressures(> 20
atmospheres), especially in the high-particulateladen streams,tend to dictate the use of
high-temperaturestainlesssteelalloys such as 304H and 316H for clean gasstreamsand
Hasmlloys for “dirty” gasstreams. Some difficulties and delays in procurement arose due
to these requirements; in some cases,the standardalloy is an acceptablesubstitution, but in
others, the process vendors did not allow such replacements. One of the most difficult
applications in which to match the metallurgicalrequirementsto the fabrication realities
was the SRI sample cutting cyclones, due to the difficulties in complex castingof certain
Hastalloy materials. After discussionswith the Hastalloy technical representatives,
different fabrication methods were devised and different Hastalloy materialsspecified.
These material issueswill continue to be a concern in the future asthese technologies are
sc~ed up and commercialized. An additional areaof concern due to the high process
temperaturesand pressuresincludes gassampling. Issuesof condensation due to the high-
heat transfer surface-to-thermalmassratio of the sample streams,both bias the resultsand
causesignificant corrosion of the sample tubing, require high-capacity heat tracing
installedon the sample tubing and controlled cooling of the sample at the analyzer house.
Issuesof particulateplugging were never adequately resolved, preventing installation of a
sample tap upstream of the PCD; this problem will require significantwork before testing
of possible chemical interaction between the gasand the PCD candles.

Severalsimplifications in the design can be easily found (now that construction is
completed), many of which could not be found on the drawings and designs. One such
simplification would be the use of welded heavy wall tubing for pressuretap purges and
fluidization nozzles, ratherthan welded l-inch pipe. Heavy wall stainlesstubing is rated
for severalthousand psi at higher temperatures,is easierto form into largeradius elbows
necessaryto allow expansion, and now has automatedwelders that have been approved by
all pressure code promulgators. The transport reactor built at the PSDF hasthe same
number of pressuretaps and fluidization nozzles asa full scale reactor, but on this scale
these connections make a dense forest of small bore piping that required many pipefitter
labor hours to install. The use of inert waste process gas (nitrogen and carbon dioxide
mixture) stored on site at pressureand with sufficient volume to snuff any reaction process
in the reactor would allow minimum use of nitrogen at the plant site. Such a proposal
would be enhanced by the use of sulfur capture systemsand NOX reduction technologies
on future reactors.

/
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When designing, constructing, and commissioning any process or component challenges
will be faced and solved, and better solutions will be discovered. For the transport reactor
at the PSDF severalchallengescausedby the design choices made were addressedeither
during final design, during construction, or in commissioning, including issuesassociated
with FOAK technologies and material requirements.

4.1.2-3
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4.2 PROCUREMENT

4.2.1 Transport Reactor Train

4.2.1.1 Transport Reactor

The transport reactor is a FOAK loop reactor. The reactor was fabricated from carbon
steeland lined with a monolithic dual castrefractory. Expansion joints were not used in
this design becauseof the high operating temperatureand process restrictions. The
thermal design was a challengingexercisebecauseof the closed loops without the use of
expansion joints. The entire system was fabricatedto close tolerances in order to eliminate
residualstresseswhen assembled. The reactor loop, excluding the cyclones and HX0203
before it was lined with refractory, was assembledin the fabrication shop to ensurethat
critical tolerances were maintained. The majority of the transport reactor sections are
small in size, which made accessingthe interior difficult. The majority of shop and field
circuniferentialwelds were performed afterthe refractory was installed. A special joint
was developed to accomplish this. Becauseof FOAK fabrication, this entire steel
fabrication and refractory installationwas a long and tedious process requiring extensive
coordination between the vesseland refractory contractors.

4.2.1.2 Sulfator (SU0601)

Unlike the reactor, the sulfator is a more conventional design. The FCC technology was
utilized in the mechanical design. The vessel is fabricatedwith carbon steeland lined with
a single layer of refractory. The refractory was gunned in place and thermally dried to
process temperatureprior to shipping. The vessel is equipped with stainlesssteelpipe grid
distributor to uniformly fluidize the bed. The transitionsfrom carbon steelto stainless
steel for the distributor were embedded inside the refractory to reduce the metal
temperature. The sulfator also has heat transfertubes for control of the process
temperature. These tubes were fabricatedfrom two different materials:Haynes 556 S.S
and rolled alloy RA-85H S.S. Haynes 556 materialfor the stab-inheat transfertubes was
not readily availablein 2-inch ID size; thesetubes were, therefore, made by drilling rod
stock.

4.2.1.3 Disengage Cyclone (CY0207)

Many of the aspectsstated above for the transport reactor were also incorporated in the
cyclone design.

4.2.1.4 Refractory LinedPipe

Fabrication usually involves a primary pipe fabricator plus a subcontractor to do the
internal refractory lining. Close coordination is required and time must be allowed for
shipping between the two fabricators. Also, some shop trial fit-up is required. On this
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project the pipe fabricator was in Tulsa, Oklahoma, and the refractory liner was in
Houston, Texas. Problems with the shipping time, along with time for dual linings and
dual dryouts, resulted in much of this piping being delivered late. On the other hand, the
quality of fabrication was good and field fit-up problems were relativelyminor.

4.2.1.5 Refractory Lined Valve

There was one refractory lined valve on this project: an 18-inchNPS pipe with dual
internal refractory lining. Valves of this type are typically used in FCC units. The major
difference for this project was the high process temperature of 1,650 vs about 1,400”F for
FCC. This posed design difficulties, and the valve length had to be revised severaltimes,
requiring a field adjustment in the matching pipe.

4.2.1.6 Restriction Orifice (RO) Plates

There were two high-temperaturerestriction orifices on this project that causedsome
procurement difficulties. These items were designed for 1,850”F and required FOAK
design. The ROS were completely internalto the piping and required an internal support
cone and mounting plate. The materialswere Haynes 556; the thickness of some
components required a special millrun and long lead time to produce. Quality control and
inspection requirements were stringent.

4.2.1.7 Solids Handling Equipment

Both the coal and sorbent feed systems, and the coarse- and fine-ashhandling systemswere
FOAK design for the process conditions to which they will be subjected. These systems
were procured from Clyde Pneumatics Co. in England. Efforts were made to maximize
U.S. material content in their fabrication. Difficulties resultedin mismatched flanges,bolt
patterns, etc. Acquisition of the original contractor (Simon Air Systems)by Clyde and
merging of internal operations contributed to the difficulties in the design and fabrication
stage.

4.2.1.8 Primary Gas Cooler (HX0202)

The primary gascooler was of a unique FOAK design. Consideration for particulateladen
streampresented challengesduring the designphase.

4.2.1.9 Combustor Heat Exchanger (HX0203)

,

The Haynes alloy for the lattice (cage)and grid was not readily available. An extensive
check of the refractory materialwas required during the fabrication stage.
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4.2.1.10 Secondary Gas Cooler (HX0402)

Computer simulation using finite element analysistechnique of the shell and tube was a
critical part of the design.

4.2.1.11 Sulfator Start-up Heater (BR0602)

Delay in stack design impacted completion of final design. Options that were considered
included dual stack (one for the process gasand one for the sulfator heater)and a single
stack. The final design has a single stackwith the sulfator heaterflue gasesrouted directly
to the stack.

4.2.1.12 Thermal Oxidizer (BR0401)

Boiler design was changed from refractory wall to water wall. Delivery was late. Boiler
weight was understated,which impacted unloading.

4.2.1-3
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4.2.2 Balance.of-Plant

The major equipment purchased (balance-of-plant(BOI?) equipment) includes all BOP
pumps (24, excluding small sump pumps), heat exchangers(8), various water storage tanks,
instrument air compressors (4), high-pressureair compressor, cooling towers (6 cells), the
nitrogen system including 3 high-pressurecompressors, the propane system, the coal and
limestone handling system, the solids transport system from the coal handling structureto
the MWK structure,the chemical feed system, the fire protection system, the baghouse,
and the auxiliary boiler. The valvespurchasedby Southern Company Services,Inc., (SCS)
included all valves, manualand automatic (airoperated or motor operated), in both the
BOP and MWK systems.

All equipment RFQs were submitted to at leastthree vendors for bids; the lowest of these
three that met all specifications was selected. For this bid process, the standardpumps
were put into one group, the manualvalves in one group, the control valves in one group,
and severalsystemswere bid asa turnkey system.

Detailed specifications were not utilized for the purchaseof pumps and valves. Rather,
eachwas purchased from a single datasheet listing all of the pertinent information. This
greatly reduced the engineeringtime required. Most of the pumps were either purchased
from Hydromatics (ITT pumps) or Brownlee-Morrow (Goulds pumps). Control valves
were purchased from Control Southern (Fisher),safetyvalves from Dresser Industries
(Consolidated), and manualvalves from Piping and Equipment. Allowing SCS to
purchase all valvesworked extremely well in that it provided one point of contact for
procurement, which eliminated duplicate orders and also assuredall valves would be of
basically the sametype and quality. Also, the largenumber of valves procured resultedin
lower unit costs for the valvesthan if ordered in smallerquantitiesby multiple contracts.
The only documentation requestedon manualvalveswas a catalogue cut sheet as opposed
to a stamped and approved drawing from the vendor on each valve. These catalogue sheets
provided ample information and this also allowed the vendor to offer the valves at a lower
cost. One problem associatedwith valve procurement was that the final number of valves
purchasedwas 48 percent greaterthan the original estimate,resultingin the purchase of
severalvalves on the job site once construction began. Also, it was difficult to obtain
valves with SSalloy 316H internalsor bodies. Valves of this type often had a lead time of
6 to 9 months.

The instrument air system was purchased asa packageunit from one vendor
(Hydromatics). This packageincluded the air compressors (Atlas Copco), air dryers
(Pneumatic Products Corporation), air receiver tanks, and aftercoolers. This method had
its advantagesand disadvantages. The advantagesare that it provided only one point of
contact for the entire system and also required that the vendor do some design work in
assuringthat all components worked together asan entire system. The major disadvantage
is that the vendor from whom the equipment was purchasedwas not the same vendor that
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manufacturedthe equipment. This situation createda middle agentto go through to
obtain technical information during start-upand operation of the equipment.

The high-pressureair compressor Norwalk) was purchased from a different vendor than
the instrument air compressors. The main procurement problem associatedwith this
compressor was that the documentation received was very generaland was written to
cover a wide range of compressors, therefore making it difficult to interpret exactly what
applied to the specific unit that had been purchased. There were also situationswhere the
compressor purchased was a sophisticated machine (therefore making it difficult to start-up
and operate).

Procurement of the cooling towers was difficult in that the tower size required was too
small to justify the use of the standardconcrete tower typically used at power plantsbut
too largeto use the typical low-flow cooling towers purchasedas packageunits. To solve
this problem, a small tower designwas scaled up by Tower Tech to meet the required flow
rates. This causedsome problems in that this tower was an original design (with serial
number 1) and had yet to be proven in operation. All documentation received was for the
standardsmallertower typically fabricated by the vendor, therefore making it difficult to
obtain the specific information required during construction and start-upof the towers.
Also, as a result of the first-time design, operation problems surfacedthat had to be
corrected.

The nitrogen supply system was a product agreementand not an equipment purchase.
BOC Gaseswas hired to construct, operate, and maintaintheir own equipment to supply
a certain amount of nitrogen to the plant. The only equipment to be purchased by SCS
were the nitrogen compressors and associatedequipment required to raise the pressureof
the gasto 1,500 psi for PCD backpulsing. This system was purchased from one vendor on
a skid with all piping provided.

Like the instrument air system, the propane system was also purchasedfrom one vendor
(Energistics)asa turnkey job. One major advantageof this was that the vendor did all of
the designwork; SCS engineerswere not required to be experts in designingpropane
systems. The system was designed for the high-propane-flow rateassociatedwith both the
MWK and FW system operating at 100 percent. When only the MWK system is
operating, the propane vaporizer has a difficult time operating at the low-flow conditions.
Operation could be better if two propane vaporizers had been purchased: one for high
flow and one for low flow.

The coal and limestone preparation system was purchased from Williams Patent Crushers.
The only major problems associatedwith this system involved communication difficulties
between the vendor and the process engineer over the grinding capabilitiesof the
equipment.

.
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The solids transport system was purchasedfrom Clyde Pneumatics. The salesgroup for
Clyde is in the U.S., but the engineeringgroup is in England. Thus, all technical
information had to come from England, and due to time zone differencesthere were some
coordination problems. Keeping track of where the equipment was being manufactured
and shipped from was also difficult, with about 63 percent of the equipment fabricated in
England and the rest in the U.S. MWK purchasedtheir system from Simon Air Systems,
which was combined with Clyde Pneumatics midway through the project. SCS purchased
their system from Clyde Pneumatics. This added a further confusion factor when
discussingthe various systemswith the Clyde engineers. Some confusion may have been
avoided if both systems had been purchasedunder one purchaseorder.
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4.3 INSTALLATION

There were severalchallengesaddressedduring the installationof the MWK transport
reactor and relatedBOP equipment thatwere due to the specializedrequirements of the
high-pressure,high-temperature,circulatingfluidized-bed/transport design of the transport
reactor.

The reactor vessel itselfwas one of the biggest challengesto installbecause of the hard
connections designed into the pressurevesselwhich required very tight tolerances in
fabrication and alignment during assembly. The vessel is fabricatedfrom refractory lined
steel pipe, and individual piecesweighed up to 40 tons, were up to 20 k long, and could
have compound elbows and bends. Becauseof an uncertainty in the quality of the
fabrication work (which was significantlybetter than expected), each component was
moved severaltimes: first in the “rough set” of the reactor pieces in the process structure,
then severaltimes when the pieces were positioned for trial assembly, and finally during
the assembly involving chalking joints and welding. This process of trial assembly and
alignment was not included in estimatesfor construction of the transport reactor, nor was
any allowance for the additional time spent working the components into the process
structure. The vast majority of lost productivity was due to the removal of structural
building members, threading spool pieces down through severalfloors of grating in the
process structure, having to use temporary beams, and manually rigging the pieces in
place. Design and conceptual changesto reduce the time required to install the transport
reactor should include the installationof lifting lugs on every piece of pipe and vessel to be
installed, additional (in strategiclocations) welded connections to correct for
misalignments, and integratingthe construction of the building structurewith the rough
setting of vesselsand piping. All of these suggestionswould minimize the rigging and
handling time of each piece and allow the rough settingand alignment to proceed with a
minimum of labor cost. However, the time used could be longer due to the delay between
rough setting and alignment to wait on the structureto be completed to a point that it is
safe to walk on and work from.

The transport reactor usesseveralcomponents and many associatedpieces of equipment,
especially in BOP. They were usually designedfor pulverized coal combustion. These
components are required to achieve higher tolerances for use by the transport reactor
and/or are not supplied with the inherent services (hot air, storageof product, or low
static pressure). These extra requirementsare addressedby increasedcomplexity of the
installations. The pulverizers arean example of this problem. In a PC plant, the
pulverizers are supplied with preheatedtransport air (primary air) which discharges
directly into the furnace at near atmospheric pressureand functionally can produce an
extremely wide range in product size without impacting the process in the furnace. For
the transport reactor, the mills need a separatesource for heatand transport air, a need to
dischargeinto an intermediatestoragebin or hopper, and (presently)have tight product
sizing requirements for the process to satisfactorilyoperate. The PSDF pulverizer
packages include not only the mill and air fan, but also an airheater, top size screeners,
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product coolers to prevent condensation in the intermediatehopper, and a transport air
venting filter system. The requirement for top (and lower) sizing also forces oversize
product recycling to minimize wastage,and therefore severalductwork runs for the
product transport, the transport air recycle and reheating,segregatedsize fractions, and bin
venting. All of this complexity is reflected in the time and labor expended in installation
of the pulverizer systemswhen compared to similar installationsfor a PC unit.

A similar source of confusion in estimatingthe amount of work required for construction
of the transport reactor (or any high-pressureprocess) is the piping required to assurethat
the pressuretaps will not become plugged during operation. Simple pressuretaps required
on near atmospheric processes become intricate purged systemswith flow metering
devices, rod out ports, and multiple isolation valves; all of which must be designedto
withstand ultimate process conditions (XXS pipe or better, corrosion protection, etc.).
While the developmental designsof the transport reactor have requirementsfor many
more pressuremeasurements,the process will still require severalpressuretaps for
adequatec-ontrol. One possible simplification in pressuretaps would be the replacement
of piping with tubing of the same process specifications, as the tubing is easierto handle
and install–especiallywith the automated tubing welders that areavailabletoday.

There were several instanceswhen operations personnel who were studying the design of
components and systems discovered fabrication errors in components as well asthe
problems found during component installation. Most of these were simple quality control
concerns but could representsignificanttrouble if left uncorrected before trying to
commission the equipment.

Technology, especially the use of computer aided design (CAD) modeling of the piping
and process structure, contributed greatly to the planning and sequencing of the
construction work. By using the 3-D design review station to find possible interferences
and blockouts, labor was not wasted by having to remove piping to gain access to install
additional piping runs. Further organization of the piping installationby prioritizing
work on trunks, headers,and branches gained additional savingsin wasted labor. One
areaforgotten in the “official” design of the plant was the piping required for flushing,
cleaning, and commissioning the condensate and steamgeneration piping and equipment.
By using the design review models, routing of this “temporary” pipe was completed prior
to mechanical completion and allowed the chemical cleaning of the piping to be finished
long before the steam circuits were needed by the process.

Turnkey procured systemsusually gave more trouble during commissioning due to quality
issuesthan equipment and systemsprocured to be installedby the construction contractor.

.

In spite of the challengesfound during the construction of the transport reactor and the
associatedBOP equipment and systems, the work was completed with a minimum of
rework of site assembledpieces and connections. During all the hydrostatic tests and
pressuretests of the components, there was only one weld that leaked done at the site.
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Traditional methods for estimatingconstruction work, especiallythe use of estimating
shortcuts developed for powerhouse construction, should not have been used without
addressingthe differences in processes. Overall, the lessons learnedat the PSDF will result
in severaldesign enhancementsthat would positively impact the installationof
components and vessels.

PSDF\199614.O.doc
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5.0 COMMISSIONING OF M. W. KELLOGG
TRANSPORT REACTORTRAIN

5.1 TRANSPORT REACTOR LOOP

This section dealswith the commissioning of the following systems: coal feed system
(FDO21O),sorbent feed system (FD0220), start-upburner (13R0201),transport reactor
(RX0201), disengage cyclone (CY0207), primary cyclone (CY0201), combustion heat
exchanger (HX0203), spent solids screw cooler (FD0206), spent solids conveying system
(FD0510), andpressure letdown system (l?V287). Thecommissioning andperformanceof
BR0201, RX0201, CY0207, CY0201, and HX0203 arediscussedin the following sections
which describe the various commissioning (testruns CRO1- CR04) and characterization
(testruns CCTIA - CCT3A) test runs that were performed in combustion mode of
operation in 1996. The feed and solids removal systems @D0210, FD0220, FD0206, and
FD05fO) are described in section 5.1.12 following the test runs. The problems associated
with the initial operation of PV287 and the corrective actions taken are described in
section 5.1.13.

Section 5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.1.9
5.1.10
5.1.11
5.1.12
5.1.13

Commissioning Test Run CRO1
Commissioning Test Run CR02
Commissioning Test Run CR03
Commissioning Test Run CR04
Characterization Test Run CCTIA
Characterization Test Run CCTIB
Characterization Test Run CCTIC
Characterization Test Run CCT2A
Characterization Test Run CCT2B
Characterization Test Run CCT2C
Characterization Test Run CCT3A
Solids Conveying Systems
PressureLetdown Valve

5.1.1 Commissioning Test Run CRO1

5.1.1.1 introduction and Test Objectives

During the months of May and June of 1996three major start-upmilestones in the
commissioning of the transport reactor were completed: (1) the first, complete system
pressuretest, (2) transport reactor refractory cure, and (3) fluidization trials.

The CRO1 commissioning test run covered the period between June 3 andJune 6,1996,
with the objective of commissioning the start-upburner and proceeding with the curing of
the refractory joints. Severalattemptswere made during CRO1 to commission the start-up
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burner and a number of problems associatedwith the designof the burner were corrected.
The curing of the transport reactor refractory, associatedrefractory-lined pipe, and
refractory joints was completed during CR02 test run and initial fluidization trialswere
performed during CR03 test run.

Prior to the beginning of the CRO1test run, functional checks on the transport reactor
loop (RX0201) and the transport reactor start-upburner (BR0201) were completed in the
second quarter of 1996. Beginning May 17 the transport reactor was tested for leaks.
After correcting all the identified leaks,the first successfulfull pressuretestwas completed
in the first week of June. This testwas on the complete system from the main air
compressor (CO0201), through the reactor and the granularbed filter (GBF) vessel (which
was used as a gasflow path during initialtestswith the transport reactor), to I?V287.
CO0201 was used to admit air through the primary and secondary combustion air nozzles
on the reactor. The pressurewas graduallyraisedin small increments, with sufficient hold
periods allowed after each pressureincrease. While the leak test was under way, several
leakswere discovered at small nozzle joints. Tightening bolts stopped many of these leaks.
However, some other nozzle leakscould not be stopped by bolt tightening, and resulted in
the replacement of the “flex” gasketsafter depressurization. On June 1 another pressure
test was attempted. Using the process air compressor to raisethe reactor and all the
associatedpiping pressures,the reactor pressurefinally reachedthe proof pressure of 385
psig. All safety valves were also tested.

By earlyJune the transport reactor start-upburner had not yet passedthe operational tests
due to damageto both the igniter rod and the flame detection rod. This equipment did
not come with complete instructions to adequately ‘bench’ test the igniter and flame
detection rod before mounting in the burner. This was further complicated by the lack of
a visual flame view port. After much discussion an agreementwas reachedwith the
vendor and his subvendors on a method to test the equipment. The originally supplied
igniter and flame detection rod were found unserviceableand had to be replaced. Several
problems arose during the course of the start-upburner checkout. The burner was the
vendor’s first high-pressureapplication, and the designwas inadequateand unsafe for
operation as it was received. It appearsthat the vendor provided a burner optimized for
naturalgas firing (the PSDF usespropane). Severalmodifications were made to
temporarily use the existing equipment, and the burner hasbeen operating since they were
made. Severalconcerns still existedthat were addressedlaterduring the yean the lack of
safeturn-down in fuel flow, the lack of automatic compensation for reactor pressure
variations, and separatepilot combustion air. SCS and MWK were in discussions and
participating in an effort to redesignthe burner to better and more safely meet the design
specifications. A redesignedburner system from the subvendor was received in July and
August. In the meantime, the modifications made to the original burner (with the
vendor’s consensus) allowed safe operations and the start-upto continue with refractory
cure-out and other commissioning activities.
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Severalproblems with the packing on the start-upburner igniter were corrected with the
deletion of the retractingmechanism for the igniter. Cooling air ports were installedon
both the igniter and the flame rod to prevent failuresdue to overheating. There have been
no failuresduring the subsequentlight-offs.

Until May 1996the main air compressor was being operated on manual due to several
problems associatedwith automatic operation. The compressor tuning and other changes
were made in the first week of Junethat facilitatedautomatic operation. The tuning and
changes included:

1. Increasingthe response time of the inlet guide vanes (IGVS).

2. Incorporating the opening of the IGVS at a surgeline of 200 psig decreasing.

3. Increasingthe deadband on the blowoff valve to 2 psi.

4. Incorporating the closing of the IGVS at 215 amps on the motor.

5. Setting the IGVS to 10-percentopen automatically on the initial startof the
compressor.

5.1.1.2 Test Chronology

On June 3 after tuning of the compressor was complete, the reactor pressurewas set at 50
psig and purge flows were set for the pressuretransmitterand differential pressure
transmitter. The following night the start-upburner pilot was lit. After 4 minutes it
tripped due to flame failure. Four more attemptswere unsuccessfullymade to light the
pilot at combustion air flows of 500 and 1,100 lb/hr. It was noticed that the propane flow
had dropped from 10 to about 3 lb/hr since the initial attempt. Upon inspection trash was
found to be blocking the orifice. The orifice was cleaned and the burner was reassembled.
During the inspection the pilot seemedto be igniting and burning in the areaof the orifice
and not at the tip. The flame rod and igniter wiring appearedto be scorched. The bench
scale response of the flame rod to a flame was sluggish.

On June 5 the start-upburner main burner was successfullylit but there were some
problems settingthe required combustion and quench air flows due to the reactor pressure
control. There was a flow restriction problem at PV287. After 3 minutes the burner
tripped due to flame failure. Three more attemptswere made to light the pilot, but it
tripped every time. Some adjustmentswere made to control combustion air flow prior to
flame detection. The pilot and main burner were then successfully lit, but after 7 minutes
the burner tripped again. The burner was relit and stayed lit for 14 minutes before
tripping again. Additional attemptsto light the burner were unsuccessful. The reactor
system was shutdown to investigatethe flow restriction problem and the start-upburner
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problems. Seesection 5.1.13 for more detailson corrective action taken to address
problems associatedwith the pressureletdown valve.

5.1.1.3 Test Run CRO1 Observations

The main challengesof this run were the flow restriction problems with the pressure
letdown valve and the start-upburner operation. The first burner inspection found that
trashwas blocking the pilot orifice and that the pilot seemed to be igniting and burning in
the areaof the orifice and not at the tip. Further inspections showed scaledeposition in
the start-upburner propane lines.
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