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DISCLAIMER

This report was prepared as an accountof work sponsored by the United States
Government. Neitherthe United Statesnor any agencythereof, nor any of their
employees,make any warranty,expressor implied,or assumesany legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information,apparatus,product,or processdisclosed,or representsthat its use
would not infringeprivately owned rights. Reference herein to any specific
commercial product, process, or serviceby trade name, mark, manufactureror
otherwise, does not necessarily constitute or imply its endorsement,
recommendation,or favoring by the United States Government or any agency
thereof. The views and opinionsof authorsexpressedhereindo not necessarily
state of reflectthose of the United StatesGovernmentor any agency thereof.
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HOT GAS CLEANUPTEST FACILITYFOR GASIFICATION
AND PRESSURIZEDCOMBUSTION

QUARTERLYTECHNICALPROGRESSREPORT
APRIL 1 - JUNE 30, 1992

1.0 INTRODUCTIONAND SUMMARY

This quarterlytechnicalprogress report summarizeswork completedduring the
SeventhQuarterof the First BudgetPeriod,April i throughJune 30, 1992,under
the Department of Energy (DOE) Cooperative Agreement No. DE-FC21-gOMC25140
entitled "Hot Gas Cleanup Test Facility for Gasification and Pressurized
Combustion." The objectiveof this project is to evaluate hot gas particle
control technologiesusing coal-derivedgas streams. This will entail the
design,construction,installation,and use of a flexibletest facilitywhich can
operate under realistic gasification and combustion conditions. The major
particulatecontroldevice issuesto be addressedincludethe integrationof the
particulatecontrol devices into coal utilization systems, on-line cleaning
techniques,chemicaland thermaldegradationof components,fatigueor structural
failures,blinding,collectionefficiencyas a function of particle size, and
scale-upof particulatecontrolsystemsto commercialsize.

The conceptualdesign of the facilitywas extended to include a within scope,
phased expansion of the existing Hot Gas Cleanup Test Facility Cooperative
Agreementto also addresssystemsintegrationissuesof hot particulateremoval
in advancedcoal-basedpowergenerationsystems. This expansionwill includethe
considerationof the followingmodulesat the test facility in additionto the
existingTransportReactorgas source and Hot Gas CleanupUnits:

1. Carbonizer/PressurizedCirculatingFluidizedBed Gas Source.
2. Hot Gas Cleanup Units to mate to all gas streams.
3. CombustionGas Turbine.
4. Fuel Cell and associatedgas treatment.
5. ExternallyFired Gas Turbine/WaterAugmentedGas Turbine.

This expansionto the Hot Gas CleanupTest Facilityis herein referredto as the
Power SystemsDevelopmentFacility (PSDF).

The major emphasis during this reportingperiod was completing the conceptual
design for the PSDF. A subcontractwas negotiated between Southern Company
Services(SCS)and FosterWheeler(FW)for the conceptualdesign of the Advanced
PressurizedFluid-BedCombustion(APFBC)/ToppingCombustor/GasTurbineSystemfor
the PSDF. Modificationto the existingconceptualdesign for the Hot Gas Cleanup
Test Facility (HGCTF) layout and balance of plant design for the PSDF were
completed. Southern Research Institute(SRI) completedtheir investigationof
the sampling requirements for the PSDF and assisted SCS in compiling the
informationreceivedfromthe ParticulateControlDevice(PCD)vendors..SCS also
received technical and cost information from the Electric Power Research
Institute(EPRI)and two molten carbonatefuel cell vendors for the PSDF. The

design of the TransportReactorDevelopmentUnit (TRDU)by M. W. Kellogg (MWK)
continuedduring this time period. The University of North Dakota Energy &
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EnvironmentalResearchCenter (UNDEERC)reviewedthe TRDU design modifications
to determine impactson installationand operation.

lt should be noted that this report includesaccounts of progressmade by MWK,
FW, SRI and UNDEERC.

2.0 REVIEW OF TECHNICALPROGRESS

2.1 ProjectManagement

Projectactivitiesduring this time periodfocusedon completingthe conceptual
design for the PSDF and continuingthe design of the TRDU. A subcontractwas
establishedwith FW for the conceptualdesignof the AdvancedPressurizedFluid-
Bed Combustion (APFBC) system integratedwith the Topping Combustor and Gas
Turbinemodule. FW will be responsiblefor the Westinghouseand Allisonportion
of the work. The UNDEERC subcontractfor the TRDU work was also established
during this time period.

Additionalinformationwas suppliedto DOE/METC to address questionsgenerated
from the technicaland cost review of the proposal to increase the level of
effort for the conceptualdesign of PSDF under the cooperativeagreement. The
modificationfor the PSDF conceptualdesignwas negotiatedand the cooperative
agreementwas modifiedduring this time period.

A review meeting was held at DOE/METC on June 3 to review the 100 percent
completionmark of the conceptualdesign for the PSDF. Prior to the meeting a
draft overview of the facility was submitted to DOE for revlew. After DOE
submitscommentsback to SCS the overviewwill be finalized.

The cost estimate for the Power SystemsDevelopmentFacility was developed as
Volume III:Cost Estimate. The cost estimate is based on the conceptualdesign
outlined in Volume I: GeneralOverviewand in the details described in Volume
II: Design Document.

For the cost estimateeachmember of the designteam developeda capitalcost and
engineeringcost to design and constructthe PSDF pertainingto their envelope
of the design. In additionto developingcapitalcost, eachmember of the design
team also includedestimatedmanhoursto erectthe major piecesof equipment.SCS
alsoobtainedcost informationfor the ParticulateControlDevices(PCD)and fuel
cell informationby contactingvariousvendors. SCS assembledthe capitalcosts
and an erectioncost for the PSDF. The operationsestimate,conductedwith the
assistanceof SouthernElectricInternational(SEI),was based on the conceptual
design of the facility and experience at SCS' Clean Coal Research Center in
Wilsonville,Alabama.

The capital cost and constructionestimate for the PSDF was determined by
dividingthe facilityinto variousenvelopeswith each member of the design team
responsiblefor an envelopbased on the scopeof their design. M. W. Kelloggwas
responsiblefor the transporttrain_the FosterWheelerteamwas responsiblethe
APFBC system;and SCS was responsiblefor the particulatecontroldevices (PCDs)
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and the balance-of-plant for the facility.

The cost for equipment and bulks were estimated for each envelop along with
construction manhours for erection of the material. The capital cost and
construction labor manhours were based on either vendor quotes or on historical
information within each company. A review meeting was held to clarify interface
points between envelopes in an attempt to avoid double accounting of equipment
and bulks. SCScomplied all the capital cost and construction cost information.
Alabama labor rates were applied to the construction manhours and construction
overheads, based on similar projects in the past, were also applied to determine
the cost for installing the equipment and bulk materials.

SCS assembled all the cost information from the team members to develop a cost
estimate to design, install and operate the PSDF.

2.2 Transport Reactor Development Unit

DOE, EPRI, SCS, M. W. Kellogg Co., and the Energy and Environmental Research
Center (EERC), held a meeting on June 5, 1992 to review the design of the
Transport Reactor Development Unit (TRDU). Items discussed at this meeting
included: the objective of the TRDUwork, the Transport Reactor Test Unit (TRTU)
results and their impact on the TRDUdesign, the TRDUdesign and key issues (e.g.
design basis, design modifications, schedules), and TRDUinstallation/operation
plans (e.g. layout, impact of design modifications, environmental activities).
The objective of the TRDUprogram is to verify the hydrodynamics and achieve
accurate steady state material balances around the transport reactor at various
operating conditions. The TRTUoperated at a nominal 2-I0 Ib/hr coal feed rate,
and the TRDUwould operate at a nominal 200 Ib/hr of coal feed rate providing
scaleup information which can be used to better design the Wilsonville transport
reactor unit. The TRDUis also expected to reduce shakedown time at Wilsonville
by providing experi_nce with solids circulation behavior and control techniques
in the transport flow regime. EERCwas chosen as the site for the TRDUtests due
to its existing coal/sorbent feed infrastructure, existing gas cleanup system,
and experienced personnel. The Houston TRTU results indicate that in the
gasification mode high carbon conversions can be achieved with the transport
reactor at a small scale. However, there were some physical differences between
the TRTU and the Wilsonville transport reactor that warranted the testing of an
intermediate size unit.

The design basis for the TRDUwas presented at this meeting including coal feed
rate, limestone feed rate, reactor temperature and pressure, and percent
gasification and desulfurization expected. The major design modification has
been due to an anticipated increase in the heat loss from the TRDU. To
compensate for this heat loss the coal feed rate has been increased to 200 Ib/hr,
and more efficient insulation has been specified for the transport reactor spool
pieces. In order to accommodate the larger coal flow rate and a larger reactor
(due to the presence of more refractory insulation), several modifications have
to be made to the EERCgasification tower. The modifications include removing
some beams, gratings, and moving existing carbonizer equipment to alternate
locations. The height of the riser section was also decreased to 40' to
accommodate the entire transport reactor, disengager, and primary cyclone within
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the gasificationtower at EERC.

2.2.1 M. W. Kelloqg Activities

Nozzleshavebeen designedfor the TRDU and thesehave been incorporatedintothe
reactorlayout. The required insidediametersof the major nozzles are
listed in Table 2-I.

Table 2-I TRDU Nozzle Descriptions

Description Nozzle ID, in.

J-leg aerationnozzles 0.25

Steam injectionnozzles 0.302

Standpipeaerationnozzles 0.094

ThermowelIs O.546

Pressure taps 0.215

Boiler take off 4.0

Boiler solidsreturn 3.0

Fill nozzle 3.0
, ,

Coal injectionnozzles 0,302,,

Air injectionnozzles 0.466

Secondaryair injectionnozzle 0.466

Solid drain 3.0

Start-upburner nozzle 3.0

A preliminaryrating of the combustionboiler has been completed. The size of
the boiler is estimatedto be 18"wide and 27' tall. This preliminarysizingwas
used to develop the overall layout and to ensure that if the boiler is added
there would be adequate space at the EERC.

The ash withdrawalsystemhas been designedutilizinga holo-flitescrew cooler
and specifications have been issued for the coal/limestone feed and ash
withdrawal systems.

The duty requiredfor the start-upburnerhas been calculatedto be approximately
1.5 MMBtu/hr and loadsheetshave been preparedaccordingly. The design of the
start-upburnerduct systemhas been completed. Developmentof a data sheet and
requisitionfor the start-upburner has begun.

Due to height limitations in the EERC structure, the TRDU riser height was
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reduced from 50 ft to 40 ft. This reduction is expected to impact the
performance of the gasifier in the following manner" gasification carbon
conversionrate is expectedto drop by 3% and the HHV of the fuel gas is expected
to be lower by about 6%.

The cycloneperformancedatawas receivedfromGeneralElectricand analyzed,and
the results are presented in Table 2-Z. The overall particle collection
efficiencyof this cyclonesystemis expectedto be 99.99%with a dust loss rate
of nominally1.95 Ib/hr in the gasificationmode.

Table 2-2 TRDU Cyclone Design Data

'" .

Disengager Primary Secondary
.... cyclone ....cyclone cyclone

Inlet velocity,ft/s 30.4 48.3 48.6

Collectionefficiency,% 99.974 43.96 37.02,.,.,,, ,,

Inlet solid flow rate, Ib/hr 21,287 5.527 3.0.9_

Solid collectionrate, Ib/hr 21,281.5 2.429 1.147

Solid loss rate, Ib/hr 5.527 3.097 1.95

Skin temperatureprofiles for the TRDU reactor system under normal and startup
conditionshave been calculated. These will serve as the basis for the stress

calculations. Pipe stresscalculationsfor the TRDU have begun and these will
establishthe basis for supportlocationsand expected support loads.

2.2.2 EERC Activities

Installationof the beams for the crane well floor area has been completedfor
all the floors. Because the final floor plan for the TRDU has not been
completed,work on the support structurefor the reactorhas not been started.
The floor grating for the crane well floor has been installed. The handrail
design is being completedand installationshouldstart the week of July 6, 1992.
Modificationsto the non-load-bearingfloors is in the design phase because
design drawings of the reactor have not been finalized.

Two piecesof existingEERCequipment,carbonizerprimarycycloneand carbonizer
secondarycyclone, had to be moved in order to make room for the TRDU. The
cycloneshave been placed in storage. The inlet spool piece and top cross had
to be modifiedto allow for rotationand to positionthe solids drain from the
cyclone. These modificationsare in the final review stages.

Severalitems are in the processof being procuredincludingone of the nuclear-
level detectors for the water scrubbing system, a partial order for the
additional safety lighting, structural beams, floor grating, handrail
modifications,and minor instrumentationitems. The bulk of the procurementwill



not proceed until the final determination of the reactor design.

Documents were submitted to the North Dakota State Health Department for a permit
to construct and install the TRDUin the EERCgasification tower. There was
approval from the standpoint of air emissions and treated wastewater discharge;
however, there were some problems with permits for the disposal of the char
material coming out the TRDU. Because this ash like material may contain limited
amounts of CaS it may not pass the sulfide leachability standards. Ameeting has
been held with the State Health Department to discuss the solid waste disposal
issue. The two options for disposing the solid wastes are to dispose of the ash
as a hazardous waste, or to oxidize the material in a combustor to provide data
for the sulfator at Wilsonville.

2.3 FacilityExpansionEstimate

The conceptualdesign of the expandedfacility,herein referredto as the Power
Systems DevelopmentFacility,was completedduring the quarterand the design
documentwas issued to all membersof the projectteam.

2.3.1 EnvironmentalInformation

The environmentalinformationcollectedduring this quarterprimarilysupports
the National Environmental Policy Act (NEPA) requirements for government
contracts. Focus has remainedon the collectionof appropriateinformationfor
NEPA documentationincludingexistingfacilitiesemissions(air and water) and
proposedremediationwork at the Clean Coal Research Center.

Southern CompanyServices' Environmental Information Volume was submitted to DOE
on May 15, 1992. The report included site layout maps, material balances from
the conceptual design of the facility, calculations concerning raw material
consumption and emissions, expected ash analysis, ten year emissions from
existing facilities, and the one hundred year floodplain Map for the site.
Additionally, several recent environmental reports conducted for projects near
the site were included. On May 26, the statistical air modeling report was
completed and submitted to DOEand TVA for review.

On June 23rd, Southern Company Services and the Department of Energy met in
Wilsonville,Alabama with TennesseeValleyAuthority, the subcontractorchosen
by the DOE to draft the EnvironmentalAssessment. Additional information
compiledfor TVA concerningthe NEPA EnvironmentalAssessment include:a water
balancearoundthe facility,noise level estimatesthree feet from variousPSDF
ProcessEquipment,and supplementalinformationto supportthe modellingreport.

2.3.2 OverallProcess Enqineerinq

Overall process engineering activities during this quarter consist of development
of optimum general arrangement diagrams incorporating the proposed PSDFmodules,
design data for balance-of-plant conceptual design, development of overall block
flow diagrams and heat and material balances, and initiation of an ASPEN



simulationfor the PSDF.

2.3.2.1 GeneralArrangementDiagrams

Existing property maps, topographicmaps and aerial photographs of the land
adjacentto _he existingproject sites at Wilsonvillewere reviewed once again
for proposedsiting. Based on fieldwalkdowns,preliminarymapping,constraints
associatedwith existingfacilities,plantaccessand site preparationcosts,the
site shown in Figure2-I was chosen as the locationfor PSDF.

Figure 2-2 also shows a layout of the integratedfacility. Coal and limestone
storagepads will be locatedin the existingSelectiveAgglomerationfacility (a
DOE/PETCprojectwhich is scheduledto end by September1992) at the Wilsonville.
Coal and sorbentwill be conveyed to the crusher and grinder pad locatedat a
slightlyhigherelevationfromthe storagepads. The main processpad is located
next to the crusherand grinder pad. Both the transportreactor and the APFBC
system'scarbonizerand CPFBC are locatedin the main processpad. A commonbay
for access separatesthe transporttrain from the APFBC train. The PCD bay is
locatedon the westernend of the pad. Toppingcombustorand gas turbinefollows
the PCD bay in the APFBC train. Exhaust gases from the gas tu_'bineare
discharged through a stack attached to the northwest corner of the process
structure.

Following the PCD, the gases from the transport train goes to the thermal
oxidizer (in gasificationmode) and the combustedgases are dischargedthrough
a stack attached to the southwestcorner of the process structure. Fuel cell
test skid will be located close to the transport PCD, and enough space is
providedfor futureexpansionto a multi-MWfuel cell. Also, space in the site
layout is providedfor locationof WAGT near the PCDs in the APFBC train. The
main utilities and cooling towers are located to the south of the process
structure. A pipe trench will connect the process structurewith the utility
area.

The conceptuallayoutof the administrativeand servicebuildingis to the north
of the main processstructure. The buildingwill have officesfor engineering,
administrativeand supervisorypersonnel. Also, locatedin this buildingare the
following: Controlroom frontingthe processstructure,data acquisitionroom,
lockerand changerooms,small conferenceroom, and analyticallaboratory.Total
footagefor this building is estimatedat 11,200 sq. ft. Existingbuilding at
the site will also be used for storageand as a large conferenceroom.

To the east of the main process structurelies the warehouse and maintenance
buildings. The maintenanceshop will have an instrument air clean room. An
interiorfirewallwill separatewarehouseareafrommaintenanceshop area. Total
squarefootagefor this building is estimatedat 4,500 sq. ft. During the early
stage of construction,the shell of this structurewill be erected and the
buildingwill be usedas a constructionwarehouse. The interiorwill be finished
during the final stages of construction.

The facility has been designed with sufficient room for possible future
modificationsand additions,especiallyin the PCD area. Provisionhas beenmade
in the site layout for future phased integrationsof multi-MW fuel cell and
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water-augmentedgas turbine. Carefulconsiderationforadditienalspace isgiven
to any areas with design uncertainties. For flexibilityin maintenance and
equipmentchange out, the overallsite layoutwill allow access by crane on at
least two sides of the processstructure. Additionalaccess is providedwith a
commondropout area betweenthe transportreactorand APFBC processstructures.
Hoists are installed in the process structure in the PCD bay where routine
liftingof equipmentfor maintenanceor inspectionwill be requiredas part of
the test program.

2.3.2.2 Block Flow and Plot Diagrams

An overall process block flow diagram was prepared to combine the transport
reactor train, APFBC train, fuel cell, and balance-of-plantprocess designs.
Major piecesof equipmentand their equipmentnumber can be reviewed along with
a generalprocessflow. Figure2-3 showsthe flowdiagramwith boundariesmarked
by respective process areas, and Figure 2-4 shows the flow diagram with
boundariesmarked by respectiveproject participantswho were involved in the
design process.

Isometricviews of the processstructurehousingthe Kellogg'stransportreactor
are shown in Figures 2-5 and 2-6. A list of major equipmentand its numbers is
given in Figure2-5. A footprintof the FosterWheeler'sAPFBC train including
the Westinghouse'stoppingcombustorand Allison'sgas turbinegeneratingset is
shown in Figure 2-7.

2.3.2.3 Benefitsof IntegratedFacility

The consolidationand integrationof the facilitiesat the PSDF will result in
significantcost savings. Also, the integrationwill providemore flexibility
within each module of the overallfacility and allow implementationof a broad
range of test programs. Provisionhas been made in the conceptualdesign of the
integratedfacilityto maximizethe use of equipmentand technologyfor testing.
For example,the PCDs usedwith the transportreactorand with the carbonizercan
be interchangedfor additionaltesting.

Cost savingsare expected in all phases (design,constructionand operation)of
the project. The savings result from the economiesof scale associated with
sharingprocessutilities,equipment,supportfunctionsand personnelbetweenthe
modulesto be locatedat the site. Most of the designand capitalrelatedcosts
savingsare expectedto be associatedwith the balance-of-plant.The design of
the balanceof plant is sharedamongthe variousmodules. Locationat the single
site, eliminates duplicationof design efforts for the balance of plant and
resultsin only incrementalincreasesor in somecases no increasein the design
cost. Due to integration,insignificantincreasein effort is needed during the
detaileddesign of balance-of-plant.

The cost savingsfor capitalexpendituresfor equipmentfor balance-of-plantare
expected to parallel those savings associatedwith the design. The following
areas and equipmentwill be shared among all the variousmodules:

The coal storage area will be common for all the modules and only incremental
capacitywill be required. The front end loader requiredfor loadingcoal into
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the hopperswill be shared. Although differentcoal size requirementsfor the
FW and MWK modules does not permit the sharing of coal crushing and grinding
equipment,the structurefor housingthis equipmentwill be common.

All of the processequipmentin both transportreactor and APFBC train will be
locatedin a common structure. The large common structureis expectedto result
in significantsavings compared to the relatively tall and narrow structures
requiredfor eithertheMWK or FW processin a stand alone facility. Integration
of the modules into a single structure increases the footprint and thus
simplifiesthe foundationand structuralrequirements.

The ash disposal system will also have common equipment. An additionaldump
truck will not be requiredfor transportof the ash to the Plant Gaston Landfill
for disposal. Large costs savings will result in the utilities and support
sectionsof the plant sincemany of the utilitiesrequiredfor the two processes
are the same. In some cases no additional capacity is required and in other
cases the capacityincreasewill be incremental.Savingswill be realizedin the
followingareas due to shared resources"

• water pipe lines from Plant Gaston
• boiler feedwater treatment
• coolingwater treatment
• buildingfor motor controlcenter, locker rooms, controlroom
• laboratory
• warehouse
• maintenanceshop
• tools and maintenanceequipment
• initialwarehouseinventory
• control and data acquisitionsystem
• sanitarywaste water treatmentsystem
• laboratoryanalyticalequipment
• fire protectionsystem
• controlsfor all shared utilityequipment
• ContinuousEmissionsMonitoringAnalyticalequipment (only one device is

requiredfor use on both stacks)
• coal storage
• site preparation
• incomingelectricallines
• accessroads.

Construction cost will also be significantly reduced since the amount of
equipmentto be installedis reducedby sharing. Significantsaving will also
resultfromthe coordinatedconstructionof the variousmoduleswhichwill reduce
the mobilizationcost compared to a stand alone facility. Integrationalso
results in only an incremental increase in the number of people required to
operatethe facility.

2.3.2.4 OverallHeat and MaterialBalance

Figure 2-8 is a overall block flow diagram of the integrated Power Systems
DevelopmentFacility. Figure 2-8 and the Table 2-3 give the stream numbersby
Areadesignations.).Table 2-4 gives a preliminaryheat and materialbalanceas
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TABLF 2-3

AREA DESIGNATIONTABLE - PSDF

Area Participant SCS streamno.

i00 MWK, SCS 1-50

200A MWK, SCS 51-100,, ,,

300A MWK, SCS 101-130

400A MWK, SCS 131-180

500A,600A,800A MWK, SCS 181-210

700 MWK, SCS 211-230

2000 MWK. SCS 231-280,,, ,

200B FW 301-370

300B FW 371-400

400B FW 401-440

800B FW 441-480

900D Fuel cell 501-550

900C EFGT 551-600
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well as streamcompositionsfor the entire facility. The material balanceis
based on the use of IllinoisNo. 6 coal and Longview Limestone.

The overall heat and material balance uses MWK's Case 2 study in which the
transportreactoris operated in gasificationmode and high temperaturegas is
fed to the PCD). Coal and limestoneare groundto an averageparticlediameter
of 100 microns. Coal and limestonefrom a pressurization/feedhopper systemis
fed continuouslyat a controlledrate by feedersto a transferline where it is
picked up by recyclecarriergas and fed to the transportreactor. Air from the
main air compressorand superheatedsteam (gasificationmode) from Area 400 are
also fed to the transportreactor. Other heat and material balancecase studies
with bituminous and subbituminous coal feeds to the transport reactor are
presentedin Design Documentssubmittedto DOE.

The overallheatand materialbalancealsouses the balancesdevelopedby FW for
the advanced Circulating Pressurized Fluidized Bed Combustion module. All
streamsidentifiedin the APFBC module are 100 percent load and are based on the
use of IllinoisNo. 6 coal and longviewlimestone. Coal deliveredto the unit
will be crushed to i/8 inch x 0 and dried to less than 2 percent surface
moisture. Longviewlimestonewill be deliveredin a crushed (I/8 inch x O) and
dried condition. A bypass stream of 12% of the air flow to the carbonizerand
CPFBC resultsin a lower vitiated air temperature(1500°F)enteringthe topping
combustor. At this inlet temperature level the topping combustor metal
temperaturesshouldbe easily kept at "safelevels". Unit operationwill start
at this level of bypass and as confidenceis gained graduallymove toward 0% by
pass.

Although provisionhas also been made for the feeding of a coal water mixture
(CWM), this was not considered as a basis for designing the APFBC module.
Allowancehas also been made in the specificationof the FBHE equipment for
simulationof the commercialplantmaximumpoweroutput case,viz.,maximumsteam
generation(heatremoval) by the FBHE.

2.3.2.5 ASPEN Process SimulationPackageDevelopment

SCS has begun work on developing a process simulation package for the Power
SystemsDevelopmentFacility. Apersonal computerbased ASPEN packagewithmodel
manager has been chosen as the simulator primarily because of its broad
applicabilityand its abilityto handlesolidscomponents. This type of system
has allowedSCS engineerswho are unfamiliarwith ASPEN programminglanguageto
quicklydevelopmodels and to review resultswithin minutes of completingcode
changes. The objective of the simulation is to create a package that will
reliablyprovidematerialand heat balancesaroundthe entire testfacilityunder
a varietyof operatingconditions. Scenariosthat could be testedout usingthis
simulationincludethe use of differentparticulatecontroldevices,runningthe
gasifier/combustorat different pressures,temperatures, recycle rates, and
obtaining environmental emission information under these scenarios. The
philosophyin thiseffort is that a detailedequipmentsimulationof a gasifier,
a particulatecontroldevice or any other piece of equipment is not required.
Froma processperspectiveit is consideredmore importantto be ableto simulate
bulk thermodynamicchanges as they take place at equipment exits given inlet
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streams and operatingconditions for each unit operation. Thus the internal
details of a reactor or combustor are not of concern to SCS. However it is
necessaryto understandthe basic reactionsand their temperaturedependencies
that are taking place in the reactorsince they impactoutlet gas concentrations
and flows.

A first draft simulationof the M. W. Kelloggtransporttrain in the air blown,
hightemperature,gasificationmode has beencompleted. The simulationincludes
unit operationsfrom coal/limestone/steam/airinputto the gasifier to flue gas
vent, and solidsdisposal. The simulationassumesidealgas behaviorthroughout
the entire flowsheet. In general, there appearsto be reasonable agreement
betweenthe ASPEN predictionsand M. W. Kellogg'smaterialbalancedata at these
conditionsfor this particularmode of operation. Some significantrefinements
and improvementsneed to be incorporatedintothe model before it can be used as
a reliabletool for predictionof streamproperties.

A first version simulation of the Foster Wheeler PFBC train is also being
developedat this time. The simulation is being refined and updated as more
informationbecomes available from literature searches. As with the M. W.
Kelloggtrain the Foster Wheeler train simulationis not a detailed equipment
model but rathera representationof the overallthermodynamicchangesoccurring
in the processwith each unit operation.

2.3.3 AdvancedGasifierModule Modifications

Heat and materialbalanceswere completedfor an oxygen blown gasificationcase
as partof the facilityexpansion. The equipmentcapacitiesneeded for this case
were checked againstthose specifiedin the stand-alonefacility design. All
equipmentcapacitiesfor the oxygenblown case are the same as in the stand-alone
facilitydesignexceptthat a largercapacitysulfatoris required for the oxygen
blown case.

A preliminarydesign of the flare system to be utilizedby both the transport
reactorand the FW carbonizerwas completed. The system includes an oil quench
system to cool the IBOO°Fgas from the carbonizer. This design was used to
estimatethe cost of the flare system. However,inthe detaileddesign, separate
flare systemswill likelybe designed,sincethe flaresystem will be a integral
part of the controlphilosophyfor each process.

In additionto the facilityexpansionestimate,four heat and material balances
for the variouscombustioncases were completedat a temperatureof 1600°F.

2.3.4 Advanced PFBC/ToppingCombustor/GasTurbineSystem

As part of the extendedconceptualdesign, FosterWheeler completedthe design
of their secondgenerationPFBC technologyfor WilsonvillePSDF. In additionto
testing the PCDs, the APFBC train will allow system integrationstudiesas it
includesa gas combustionsystem and a gas turbinegeneratingset. The topping
combustorwas designedbyWestinghouseusing a multi-annularswirl burner(MASB).
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The compressor/turbine/generating set currently consists of a GM-Allison 501 gas
turbine, nominally producing 4 MWof electric power. This will provide a more
cost effective compressed gas source than an electric driven compressor train.
The gas turbine design was modified by Allison to accommodate the gas combustion
system supplied by Westinghouse.

Foster Wheeler along with Westinghouse and GM-Allison completed the conceptual
dasign of APFBCtrain and submitted the design information to SCSon April 15.
_ased on this information, SCSengineering proceeded to complete the balance-of-
plant design.

2.3.5 Fuel Cell Module

Energy ResearchCorporationand M-C Power each respondedto SCS's request for
informationneeded to completethe conceptualdesign and cost estimate for the
fuel cell module. The informationprovided by the vendors included process
informationand the cost for providinga new fuel cell stack. EPRI provided
informationon the 100 kW skid mounted fuel cell test facility that is being
fabricatedfor testing at Destec'scoal gasificationplant in Plaquemine,LA.
EPRI has indicatedthat the test facilitywill be availablefor testing at the
PSDF in the 1995 time frame.

The informationwas incorporatedinto the conceptualdesign and can be found in
volume II.1 of the designdocument.

2.3.6 ParticulateControl

2.3.6.1 ParticulateSamplingApparatusand Instrumentation

The conceptual design of the particulate and alkali sampling system was
completed. A document summarizingthe key featuresof the conceptualdesign is
included as Appendix A. The particulate sampling and monitoring systems are
designed to function at pressuresup to 300 psig and at temperatures up to
1800°F. The sampling system is designed to provide representative, size-
fractionatedsamples of the particulatematter entering and leaving the PCDs.
These sampleswill be usedto determinethe overallcollectionefficiencyof the
PCD and the collectionefficiencyas a functionof particlesize. Plans call for
SRI to providefour inletsamplingsystemsand fouroutletsamplingsystems. All
eight systemswill be designedto allow in-situ samplingof both particlesand
alkalivapor. Each of the eight systemswill includea samplingprobe, a nozzle,
a samplecollector,a mechanismfor insertingand removingthe probe, and means
for metering and controllingthe sample flow. A cascadecyclone assemblywill
be used as the sample collectorin the inlet sampling system,while a cascade
impactorwill be used as the samplecollector in the outlet sampling system.

The conceptualdesign alsoprovidesfor real-timeparticulatemonitors to detect
fluctuationsin the particulatemass concentrationsin the gas streamsentering
and leavingthe PCDs. We tentativelyplan to provideone opacitymonitor,eight
sniffers (small, active filters inserted into the gas stream), and nine
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microphonics monitors (devices that sense individual particle collisions on thin
metal reeds inserted into the gas stream). These plans may be changed as
warranted by developments in monitoring technology. Regardless of which
technologies are ultimately selected, the goal will be to ensure rapid and
reliable detection of any significant failure of the PCD.

In addition to the particulate sampling and monitoring discussed above, alkali
sampling and monitoring is needed to protect the gas turbine against alkali
corrosion and monitor the performance of the alkali getter beds on the APFBC
system. Real-time alkali monitoring will be provided under a separate
arrangement between DOEand Ames Laboratory. Alkali sampling at the inlet and
outlet of the getter beds will be done using probes to be supplied by Foster
Wheeler. Alkali sampling at the inlet and outlet of the PCDwill be done using
an alkali sample collector connected to the back end of the particulate sample
collector (cyclone or impactor). The alkali samples obtained at the inlet and
outlet of the PCDwill serve to indicate any uptake of alkali on the ceramic
filter elements in the PCD. The loss of alkali vapor across the PCD is of
interest because long-term capture of alkali vapor by filter materials alters the
structure of the ceramic (Alvin, et al, 1991).

The combined particulate and alkali sampling mentioned above will be accomplished
using a modified particulate sampling probe in which an alkali sorbent trap or
an alkali condenser is connected to the back end of the particulate sampler. The
sampling of alkali alone will be accomplished using the Foster Wheeler probe,
possibly with modifications to use the sorption technique in lieu of the
condensation technique. For both the combined particulate and alkali sampling
and the alkali sampling alone, there is a need to determine which of the two
alkali collection methods (sorption or condensation) is best in terms of
collection efficiency and ease of use. In the sorption method, alkali vapor is
adsorbed on activated bauxite or other suitable sorbent. The adsorbed alkali is
then extracted from the sorbent, and the extract is analyzed by atomic emission
spectroscopy (AES) or by ion-specific electrodes. In the condensation technique,
the alkali vapor is condensed on inert beads. The condensed alkali is then
recovered by rinsing the beads with deionized water, and the rinse water is
analyzed by AES or ion-specific electrode. As with the two alkali collection
methods, there is a need to determine which of the two analytical procedures (AES
or ion-specific electrode) is best in terms of accuracy and ease of use. During
the detailed design phase, laboratory testing will be done to determine the best
methods for alkali sample collection and analysis.

2.3.6.2 ParticulateControlDevices

SRI completed the development of a new PCDdata base usinq the latest information
received from the PCDvendors during the meetings held in March and April. The
new data base contains information from five vendors: Babcock & Wilcox, Calvert
Environmental, Combustion Power, Industrial Filter and Pump, and Westinghouse.
The data base is implemented in dBASE IV, Version 1.5. A new format has been
used that produces five types of reports: technology status and issues,
performance data, size and structural data, utility requirements, and
instrumentation and data acquisition requirements. The data base may be readily
updated with new information from additional vendors.
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2.3.6.3 ParticulateAnalysis

All work on the characterizationof particulatesamplesfrom Kellogg_stransport
reactor test unit (TRTU) was completedlast quarter. A summary of the TRTU
particlecharacteristicswill be includedinthe PCD requestfor proposals(RFP).
On June 30, SRI received four sets of particulatesamples from the carbonizer
test unit operated by Foster Wheeler in Livingston,NJ. Each set compriseda
sample from the cross-flowfilter drain and a sample from the primary cyclone
drain. Two setswere collectedwhile the carbonizerwas fed with an IllinoisNo.
6 coal, and two sets were collectedwhile the carbonizerwas fed with an Eagle
Butte PowderRiver Basin coal. One set fromthe IllinoisNo. 6 tests and one set
from the Eagle Butte tests was for characterization.These two sets of samples
(four samplesin all) will be characterizedby the same proceduresused on the
samples from the Kellogg transport reactortest unit (TRTU), except that th_
Coulter Counterwill not be used. (SRI determined that the Coulter Counter
results are not reliable for this type of sample. The sorbent in the samples
tends to dissolve in the liquid that is normallyused in the Coulter Counter,
and, the char particles,which are predominantlycarbon, may not be detectedby
the CoulterCounter.) The characteristicsof the carbonizerparticleswill also
be included in the request for proposals (RFP) to be submitted to the PCD
vendors. The resultsof the characterizationtestswill be discussedin the next
quarterlyreport.

2.3.7 Balanceof Plant Design and EnqineerinqCoordination

The conceptualdesign and cost estimatefor the balanceof plant for the expanded
facility was completed. This includedequipment specificationsand layout,
design of the process structure,and layoutof the overall facility.

Based on the conceptualdesign of the facility,schedulesfor detaileddesign,
construction and startup were developed. Staffing plans for design and
constructionmanagementwere developedfor both a July and October 1994 startup
of the plant.

Cash flows for both a July and October 1994 startupwere also developed. The
evaluationof variouscash flow scenariosis continuing. The total projectcost
will be re-estimatedby December 31, 1992. The detailed design will be well
under way by this time and more accurateinformationwill be available.

Planningfor the detaileddesign, scheduledto begin in July, was initiated. A
Project ProceduresManual was developedfor coordinationof the overalldesign
effort. For the SCS engineering effort a design tasks numbering system for
identificationwith the work breakdownschemewas completed.

A "letterof intent"to establishelectricalservicewas issuedto AlabamaPower
Company. This letter allowed Alabama Power to site the 115 kV line for the
facility. The line sitingwas needed for evaluationin the NEPA process.
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2.3.8 Facility Design Document

To facilitatethe designof the facilityby the projectteam, the overallprocess
flow sho_thas been brokendown into severaldesignareas. Figure 2-9 is a block
flow d_gram showing the main process design areas (Areas 100-800). Area
designationsfor the entire facility and descriptionsare shown in Table 2-5.
The conceptualdesign documents (Volume II) are arranged by area for ease of
reference.

The design of the integratedfacilitywas carriedout by various team members.
The design of core processareas 200A (transportreactor)and 2OOB (carbonizer
and a PFB combustor)were carriedout by M.W. Kellogg (MWK) and FosterWheeler
(FW), respectively. The design of transportreactorand APFBC system is based
on the technologiesthat are being developed by Kellogg and Foster Wheeler at
present. Kellogg'sdesignalso covers areas 400A (coolingand treatmentof gas
from transportreactor),500A (transportreactorash handling system),and 600A
(a sulfator to treat ash from the transport reactor in gasificationmode).
Toppingcombustorand gas turbine along with a air compressor and generatorin
area 400B are designedby Westinghouseand GM-Allison,respectively.

Area 300 (particulatecontroldevices)and 900D (fuelcell) will be designedby
vendors once they are selected for participation in the project. Various
developerswere contactedand conceptualdesign packageswere obtained for area
300 in order to estimatecosts. Provisionhas been made in the site layoutto
locatea WAGT system. However,at present,design,procurementand construction
costs are not estimatedfor the WAGT system.

The balanceof the plant conceptualdesign has beencarriedout SouthernCompany
Services (SCS). This includesareas 100 (coal and limestonefeed preparation),
700 (finalgas treatment),800A/B (ashdisposal),1000 (instrumentationand data
acquisition),2000 (utilities),3000 (electrical),and 4000 (buildings and
process structure). MWK and FW along with Westinghouseand Allisoncarriedout
designs for areas 1000-4000which were within their process areas. Interface
pointsbetweenareas and batterylimitsand interfacepoints betweendesign team
memberswere clearlydefinedto delineatedesigneffortand facilitateestimation
of costs with reasonableaccuracy.

The design effortsto date are presentedin threedetaileddesign documentswhich
were submittedto DOE in June 1992. The first (Volume II.l) of these three
designdocumentsdealswith the transportreactortrain and fuel cell. Detailed
conceptualdesignof APFBC train includingthe toppingcombustorand gas turbine
is given in Volume II.2. Volume II.3deals with the design of balance-of-plant,
particular control devices, and specialized sampling probes and techniques.
Design informationin the three design documentsare organizedby design areas
for ease of referenceduring detailedengineeringdesign. The design documents
will be updatedperiodicallyduring Phase 2 of the project.
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FIGURE 2-9
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TABLE2-5

HOT GASCLEANUPTESTFACILITY AREADESIGNATION

AREA DESCRIPTION

i00 FEEDPREPARATION

200A GASL_ENERATORUSINGMWK'S TRANSPORTREACTOR
200B GASuENERATORUSINGFW'S APFBCSYSTEM

300A/B PARTICULATECONTROLDEVICES

400A COOLINGANDTREATMENTOF GAS FROMTRANSPORTREACTOR
400B TOPPINGCOMBUSTORAND GASTURBINE

500A TRANSPORTREACTORASH HANDLING

600A SULFATOR(TRANSPORTREACTORGASIFICATIONMODE)

700 FINAL GASTREATMENT

800A TRANSPORTREACTORASH DISPOSAL
800B APFBCASHDISPOSAL

900C EXTERNALLYFIRED GASTURBINE
900D FUEL CELL

I000 INSTRUMENTATIONANDDATAACQUISITION

2000 UTILITIES:
2000 Boiler feedwater and steam systems
2100 Service Area (Cooling Water)
2200 Service/instrument air system
2300 Auxiliary fuel system
2400 Fire protection system
2500 Wastewater treatment system
2600 Nitrogen system
2700 Water treatment/chemical feed systems
2800 Safety/security systems

3000 ELECTRICAL:
3000 Power Distribution
3001 Control & data acquisition circuitry
3002 Lighting
3003 Communications
3004 Heat tracing/freeze protection

4000 BUILDINGSANDSTRUCTURE/PLOTDIAGRAMS

m
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3.0 PLANSFORFUTUREWORK

I. Complete the conceptual design cost estimate for the PSDF.

2. Submit to DOE/METCa report on the conceptual design of the facility and
the estimated cost to design, construct and operate.

3. Finalize the design for the TRDU and estimate the additional cost to
fabricate and install to minimize the heat loss from the system.

4. Propose a modification to the Cooperative Agreement for the increase in
the level of effort for the detailed design, construction and operation of
the PSDF.

5. Begin detailed design for the expanded facility in order to maintain
schedule for the facility.

6. Finalize and issue a Request for Proposals (RFP) for the particulate
control devices for the Power Systems Development Facility.

4.0 REFERENCES

Alvin, M. Ao, T. E. Lippert, D. M. Bachovchin, J. E. Lane, and R. E. Tressler.
Thermal/ Chemical Stability of Ceramic Cross-Flow Filter Materials. In:
Proceedinqs of the Eleventh Annual Gasification and Gas Stream Cleanup Systems
Contractors Review Meetinq. U.S. Department of Energy, Morgantown Energy
Technology Center, Morgantown, WV. August 1991.
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MAY 18, 1992

CONCEPTUAL DESIGN FOR PARTICULATE AND ALKALI SAMPLING AT
THE HOT GAS CLEANUP TEST FACILITY

DOE Cooperative Agreement No. DE-FC21-90MC25140

Comprehensive knowledge of particulate characteristics is required to analyze the performance of the
particulate control devices (PCDs) to be evaluated at the Wilsonville Power Systems Development Facility.

The equipment and procedures for sampling the particulate matter generated by these advanced pressurized
combustion and gasification processes have been developed to accommodate ranges of particle
characteristics relevant to the formation_and transport of these particles. Analyses of panicle samples have
been critical in the development of these sampling procedures and equipment. In paniculate control device
(PCD) and turbine operations somewhat different sets of parameters are important than in conventional
systems. Furthermore, in these advanced systems, sensitivity to small changes in panicle characteristics is

expected to be greater, and procedural options are fewer or less well developed in responding to problems
which may result from varying or unexpected process conditions. Particulate size distribution and

morphology determine particle penetration and energy loss (pressure drop), and play an important role in
the durability of filtration devices. Particle mass loading, size distribution, morphology, and levels of alkali
metals, both particulate and vapor, play distinct roles in subjecting turbine components to erosion and
corrosion. Characterization of alkali vapor will also be needed to quantify turbine exposure and to assess
the performance of the getter beds installed to protect the turbine.

In addition to analyses of hopper samples and mass balance calculations, which have been critical tools

in previous research of advanced coal conversion processes, size-fractionated particulate samples obtained

directly from the process gas are needed. While analysis of hopper samples is known to reveal gross
variations in size and morphology of individual panicles, in-situ, size-separated samples provide size of
particle agglomerates suspended in the gas stream approaching the PCD or turbine. Agglomerate size is

determined by process transport parameters and the particle morphology as well as by the sizes of the
individual particles. It is the aerodynamic size distribution of these agglomerates which determines the

particulate mass loading that actually reaches the filter elements, penetrates into the element matrix, and
passes through the PCD. The morphology of the respective size fractions affects such other factors as

energy loss resulting from pressure drop in the filter and durability of the filter elements. Sampling directly
fi'om the process gas is the only option downstream of the PCDs and the turbine to measure PCD

performance or to determine turbine exposure. Knowledge of the aerodynamic size distribution of the
particles at these locations is useful in understanding PCD operation. This particle size distribution is also

useful in determining the collection efficiency as a function of particle size that occurs on turbine surfaces,

since specified exposure criteria are size dependent. Comprehensive data regarding particulate
characteristics and alkali concentration are needed to relate hardware performance, including likely
variation thereof, to specific parameters of process operations. Frequent measurements increase the ability.

to identify, events that are a result of specific, intentional changes in operating parameters, as distinct from
those which are either a result of unintended changes or are random in nature.

Batch Sampling Devices

The quality of data from inertial sizing devices such as cascade impactors and small cascade cyclone
samplers has been thoroughly validated by extensive use in conventional combustion gas streams. Several
types of cascade impactors and one type of cascade (series) cyclone sampler have been developed for

sampling typical flue gases upstream and downstream of PCDs. A comprehensive theory, of operation of



these devices has been verified over a wide range of conditions. The conditions of advanced coal-based
energy production processes are somewhat beyond those used in verification measurements, but are well

_¢ithm the applicable range of the relevant theories of particulate dynamics. In cascade impactors,
particulate matter is deposited onto inert substrates by high velocity, jets in a series of stages, each of which

provides a size fraction of the total particulate sample. Separation is accomplished in cascade cyclones by
accelerating the gas through several complete turns m each collection stage. Cyclones can collect much
larger samples 'than is possible with cascade impactors because cyclones have, in general, lower gas

velocities and larger area of deposition. Cascade cyclones are appropriate for size-segregated samples at
the inlets of PCDs while cascade impactors are most appropriate at the outlets of PCDs and at the turbine,
where stage catches will normally be small for sample times measured in hours.

Impactorsand cyclonesmay be usedeitherby extractingprocessgasthroughtransportlinesto the

deviceoutsidethegas stream(extroc#vesampling),or by inscrtmL,theentiredevicedirectlyintothe
processgassu'cam(insitusampling).When extractivesamplingisemployed,specificdesigncriteriafor
thetransportlineand ductorientationareimportanttoavoiddepositionofthesamplematerialon walls.
Furthermore,thesamplegas inthecollectiondevicemust be maintainedattheprocesstemperatureto

ensurethata rcpresc'_tativesampleisobtained.Theseconstraintstendtofavortheuseofinsitusampling.
Ineithercase,significantdesignandfabricationeffortsarerequiredfortheseadvancedapplications.The
conceptualdesignoftheprobesystemforoperationofthecascadecycloneand cascadeimpactortrainsis

illustratedinfigureI. Accesstotheprocessductisby way ofdouble-valvedsamplingports.The probes
axeidenticalforcyclonesorimpactors.The probeconsistsofa hollowshaft[13],groundtoprovidea
good runningsealagainstthepacking[10].(Thenumbersin bracketsreferto theprobecomponents

identifiedinFigurei.)The shaftterminatesinthesamplecollector(cycloneorimpactor)[e.g.l¢],whose
outsidediameter(O.D.)willnotexceed3.75in.,soastopasseasilythroughthe4 in.samplingport.A
sorbentcartridgeorcondensermay beattachedtothebackendoftheparticulatesamplertocollectsamples

ofalkalivapor.Tubingandcablingareroutedthroughtheshaftfortransportofthesamplegasflowtothe
externalflow controlvalvesand flow measurementorificesand fortemperaturereadoutor other

requirements.Standardmethodsareadequateforconditioning,controllingandmeasuringsampleflow.

SpecificationoftheO.D. oftheshaftisbasedon considerationsof proberigidity,spaceforrouting
internallines,leakageacrossthepacking,andrequiredinsertionforce.ItappearsthatanO.D.of2 in.will
be a reasonablecompromiseamong theseconstraints.Inthefigure,theprobeshaftisillustratedatits
maximum size(approximately3.75in.),andthedottedregionindicatestherangeofprobablediameters.

Nitrogenpurgewillpreventleakageofprocessgasaroundtheseal.Power assistedmanualoperationis
plannedwithsafeguardstopreventremovalwithoutsealingofthedouble-block-and-bleedvalve[7-8].

Two batch sampling procedures are being considered for sampling alkali vapor at process temperature:
One ts based on the sorption of alkali vapor on bauxite sorbent and the other is a method that uses

controlled condensation of alkali vapor on glass beads. The choice of alkali sampling procedure will be

based upon comparative evaluations to be done during the detailed design phase.

Continuous Monitoring

Continuous particulate monitors are generally less accurate than cascade impactors and cyclones, and
continuous monitors do not retain representative, size-fractionated samples for further characterization.

However, continuous particulate monitoring is much less labor-intensive than is batch sampling. Nearly
continuous sampling, important to reduce statistical uncertainties or improve reproducibility, in results with

variable process conditions, is impractical with these methods. During the past two decades, several
detecuon processes have been exploited for the development of continuous, real-time particulate monitors.
Some of these devices have been adapted for operation on process streams with conditions comparable to

those of tl. ,qilsonville operations. In one study involving transmissometers (opacity. meters), meaningful
responses to vanations of process operation have been documented (Woodruff. et al, 1986). However,



reliable performance for stand-alone measurement has not been demonstrated for any of the available

instruments. There have been no significant demonstrations of the level of accuracy by comparison with
reference data.

Continuous, real-time monitors of particles and alkali are needed for the Wilsonville demonstration
project: however, the need for monitors may be much greater at full-scale facilities, which would not have

the extensive and intensive batch sampling proposed for this project. In full-scale plants, real-time data on
particulate loading and size distribution is important to support operational decisions related to filter
leakage, system upsets, and long-term exposure estimation. Devices that appear promising for continuous
monitoring at the Wilsonville Facility have been provisionally selected, although further consideration will

be given to the selection in the detailed design phase. Criteria involved in the selection include the results of
previous testing, the simplicity of mechanical operation, the expected sensitivity to ex'traneous conditions,

and initial and long-term cost. In addition, the design of process ducting and access will include features
needed to readily allow testing of other devices. This consideration applies specifically to access for optical
devices which require viewing a volume of process gas at multiple angles and to comparison between

results of different measurement methods. A continuous fiber optic alkali monitor (FOAM), developed
under DOE funding, is expected to be available under a separate DOE project.

Measurement Frequency and Location

Table I presents the planned locations and frequencies of paniculate and alkali measurements, the

planned locations for monitors, and other parameters related to PCD and turbine operation. Although
modifications may be introduced during the detailed design phase, the transmissometer is a high priority.
Evaluation of the Ames alkali monitor and possibly other devices for pax(iculate monitoring is expected
with separat_ funding, Two of the three other monitors listed will be selected for evaluation. We will

continue to maintain our contacts with the vendors of paniculate monitoring equipment and to keep abreast
of new developments in monitoring hardware. We will take advantage of any opportunities to test new

monitors under existing projects or on a trial basis in cooperation with the vendors.

Measurements at the inlet and outlet of the PCD installed on the transport reactor will include intense
periods of parametric testing in which process set points will last 24 to 48 hours. To ensure adequate data
collection in this time, two batch sampling probe systems will be installed at these locations allowing two

sets of sampling runs per shift or six sets per day. During the long-term testing, the level of effort devoted
to this sampling will be reduced to two sets of runs per week on the transport reactor system, one set per

week on the carbonizer, one set per week on the PFBC, and one set per week on the turbine outlet. This
number of samples may be collected by devoting one day per week to measurements on the carbonizer

system, one day per week to measurements on the PFBC system, one clay per week to measurements on the
turbine outlet, and two days per week to measurements on the transport reactor system.

Reference:

Woodruff, S. D., et. al. "On-Line Measurement of the Alkali and Particulate Loading of the Process

Stream of a Fixed-Bed Gasifier" U. S. Department of Energy DOE/METC-86/2019 (DE86001041),
October 1986.
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