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DISCLAIMER

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor any agency thereof, nor any of their
employees, make any warranty, express or implled, or assumesany legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any speciftc
commercial product, process, or service by trade name, mark, manufacturer or
otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily
state of reflect those of the United States Government or any agency thereof.
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1.0 INTRODUCTIONAND SUMMARY

This quarterlytechnicalprogress report summarizeswork completed during the
SixthQuarterof the FirstBudgetPeriod,JanuaryIthrough March 31, 1992,under
the Department of Energy (DOE) Cooperative Agreement No. DE-FC21-90MC25140
entitled "Hot Gas Cleanup Test Facility for Gasification and Pressurized
Combustion." The objective of 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 gasificationand 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 particulatecontrol systemsto commercialsize.

The major emphasisduring this reportingperiod was expandingthe test facility
to addresssystemintegrationissuesof hot particulateremoval in advancedpower
generation systems. The conceptual design of the facility was extended to
include additionalmodules for the expansion of the test facility, which is
referredto as the Power SystemsDevelopmentFacility(PSDF). Aletter agreement
was negotiatedbetweenSouthernCompany Services (SCS) and Foster Wheeler (FW)
for the conceptual design of the Advanced Pressurized Fluid-Bed Combustion
(APFBC)/ToppingCombustor/GasTurbine System to be added to the facility. The
expandedconceptualdesignalso includedmodificationsto the existingconceptual
designfor the Hot Gas CleanupTest Facility(HGCTF),facilitylayout and balance
of plant design for the PSDF. Southern Research Institute (SRI) began
investigatingthe samplingrequirementsfor the expanded facility and assisted
SCS in contacting Particulate Control Device (PCD) vendors for additional
information.SCS alsocontactedthe ElectricPowerResearchInstitute(EPRI)and
two molten carbonatefuel cell vendorsfor inputon the fuel cell module for the
PSDF. M. W. Kelloggprepared a draft of the TRTU test results. The Transport
ReactorDevelopmentUnit (TRDU)work was initiatedwith a kickoffmeetingat the
Energy& EnvironmentalResearchCenter (EERC)in Grand Forks, ND attendedby MWK
and SCS.

lt shouldbe noted that this report includesaccountsof progress made by MWK,
FW and SRI.



2.0 REVIEWOF TECHNICALPROGRESS

2.1 PROJECTMANAGEMENT

Project activitiesduring this time period focused primarilyon expanding the
test facility and initiating the TRDU work. The conceptual design of the
facilitywas extendedto includea within scope,phasedexpansionof the existing
Hot Gas Cleanup Test Facility CooperativeAgreement to also address systems
integration issues of hot particulateremoval in advanced coal-based power
generation systems. This expansion will include the consideration of the
followingmodules at the test facility in addition to the existing Transport
Reactorgas source and Hot Gas CleanupUnits:

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

Adescription of the facilityexpansionis in AppendixA. A proposalto increase
the level of effort to extend the conceptualdesign of the test facility under
the cooperativeagreementwas submittedto DOE/METCinMarch. A letter agreement
was negotiatedwith FW to allow them to proceedwith the conceptualdesign of the
Advanced PressurizedFluid-BedCombustion (APFBC) system integrated with the
Topping Combustor and Gas Turbine module. FW will be responsible for the
Westinghouseand Allisonportion of the work.

The cooperativeagreementwas modifiedto includethe additionof the TRDU work
at EERC. A letter agreement was negotiated between SCS and EERC for their
portion of the work. A modificationto the MWK subcontractfor the design
portion of the work was sent to MWK by SCS for review.

2.2 TASK 1.4 TRANSPORTREACTORDEVELOPMENTUNIT (TRDU)

2.2.1 TRDU KickoffMeeting

A kickoffmeeting was held at the (EERC) to formally begin the TRDU project.
Representativesfrom SCS, EERC, and M.W. Kelloggwere in attendance. A number
of factors which will influence the TRDU design were discussed, the most
importantones being:

i) Excessiveheat loss could result in the reactor taking a long time to
reach steady state conditions,

2) The TRDU design should be such that maintenanceof the reactor can be
done easily from existing platformsand floors,

3) Gasifier location in the EERC GasificationTower,
4) The flange size should not exceed 300 psi. This would facilitate

maintenanceof the TRDU,
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5) The TRDU should be supported at two levels to facilitate section
removal for inspection,redesign,or maintenance. The bottom section
should be easily removablefor inspection,and

6) Water may condense in the cyclone system during heat up.

There were severaldiscussionswhich centered around the heat balance for the
TRDU and the locationof the TRDU in the EERC's GasificationTower. The TRDU
will have to be designedto compensatefor some heat losses through its surface
area. Therefore,to keep the heat loss within reasonablelimits the following
optionswere considered:

I) No more than 30% of the feed should be consumed for heat generation,
2) Large amountsof insulatingrefractorycould be used to prevent heat

loss but it may be difficultto fit the reactor into the space at EERC
due to existing structural beams. Alternatively, one could have
smaller amountsof insulatingrefractorywith electricalheat tracing
to compensatefor the heat loss.

3) The coal feed rate could be increasedfrom a nominal 140 Ib/hr to 200
Ib/hr to compensatefor the heat loss.

4) The air feed to the gasifiercould be preheatedto reduceheat losses.

After touring the gasifier tower and discussing the options, the following
choiceswere made to resolvethese issues.

I) Increasecoal feed rate to 200 Ib/hr,
2) Preheatair to a minimumof Wilsonvilledesign specification,
3) Investigatethe effect on reactor size, code requirements,and heat

loss of raisingthe reactor skin temperatureto 450°F,
4) Heat trace reactor only in areas that may need to have reduced

diametersfor beam clearances,
5) Reduce inner diameter of mixing section as per M.W. Kelloggs final

design determination,
6) Pneumatic coal transport system may be added depending on final

locationof gasifier. The placementof the reactormay not allow easy
access of the crane to the coal feed hopper and a pneumatictransport
system may be required,and

7) The existing EERC mild gasificationcarbonizer primary and secondary
cycloneswill be relocatedto make more room for the TRDU.

The heat loss from the reactorwas estimatedto be 265,000 Btu/hr. Preheating
the air will decrease the sensibleheat requirementsof the reactants. Final
heat balancecalculationswill be made to determinethe design criteriafor the
air preheaterand the TRDU.

One of the major concernswas the increaseddiameter of the reactorto address
the conductiveheat loss. The originaldesign called for a 16" o.d. riser, 18"
o.d. standpipe,and a 22" o.d. mixingsection. A reviseddesign indicateda 26"
o.d. riser, 28" o.d. standpipe,and a 36" o.d. mixing section. The increase in
size caused extremedifficultyin placingthe reactor in the EERC gasification
tower due to the locationsof existing structuralbeams. In order to decrease
the reactor o.d. as much as possible,the skin temperatureof the vessel could
be raised to 450°F and insulationcould be added outside the vessel. External
heat tracingcould also be added if the heat losses become too large.



2.2.2 TRDU Desiqn Basis

The processdesign basisdocumentfor the TRDU was finalized. Materialbalances
for the reactoroperating in gasificationand combustionmodes were prepared.
The coal feed rate in the gasificationmode is 198 Ib/hr. The coal chosenfor
the EERCwork is an Illinois#6 bituminouscoal which was chosen becauseof its
use in the Wilsonvilledesign basis. The sorbentchosen for the TRDU has been
Longviewlimestone. The analysisof the coal (correctedto 5%moisture content)
and limestoneis shown in Table 2-I.

lt shouldbe noted that althoughthe primaryfocus of the TRDU is operatingin
the gasificationmode, some preliminaryengineeringfor the combustionmode was
done to identify interfacepoints and estimate the size for the boiler in the
event it becomesdesirableto operate in this mode in the future.

Table 2-1
Coal and limestonefeed requirements

Coal Limestone

ProximateAnalysis CaC03 97.45 wt%
, ,,,

_ Moisture 5.0 wt% M_C03 1.58 wt%

Volatilematter 42.25 wt% Inerts 0.97
,,,,, ,,,, , ,,

Ash 9.41 wt%

Fixed carbon 43.34 wt%
,,, ,,

,, , ,,

UltimateAnalysis
,,,

Carbon 67.54 wt%

Hydrogen ., 4.75 wt%

Nitrocjen 1.33 wt%

Sulfur 2.85 wt%
,,,

Ash 9.41 wt%,,

Oxyl.en 9.12 wt%

Coal HHV las fedI 12,859.Btu/lh

Size distribution

Maximum.size 840 /_m 500 _m

90% <500 _m <420 _m

50% <200 _m <100 _m

10% <10 _m <5 _m



The feed grind specifications are being provided as a guideline only and EERC
will review these limits with regard to the capability of their existing
equipment and advise M.W. Kellogg of any incompatibility.

The transport reactor is being designed to operate under the conditions listed
in Table 2-2 in the gasification and combustion mode.

Table 2-2

TRDUDesi9n Basis

Gasification Combustion
mode mode

,, ,,,,
, ,,

Reactor inlet pressure 120 psi9 120 psi9

Steam/coalflowrate 0.34

A.!r/coal flowrate 4.0

Excess air 10.0%
,,.

Ca/S Imole/mole) 1.5 1.5, ,...,,

Air inlet temperature .... 800oF 75oF

Steam preheattemperature IO00oF

Coal feed rate 198 Ib/hr 149.4 Ib/hr

Percentcarbonconversion expected >80% 100%

HHV of fuel 9as expected >100 Btu/scf

Percentdesulfurizationexpected >90%

Maximum heat loss as % of coal feed 19.5%

DisengagerandcYclone efficienc.y 99.99% 99.99%

Dust concentrationin outlet stream 2050 ppmw 1762 ppmw

The sizing of the transportreactor was completed. The sizes of the various
componentparts are summarizedbelow. The overallreactor height including
cyclones is approximately75 feet.

Mixing zone ID, in ........................ 5.0
Mixing zone height, ft ....................... 10.0
Riser, ID, in........................... 3.5
Riser height,ft.......................... 50.0
StandpipeID, in.......................... 4.5

Preliminarysizingof the boiler,based on an estimatedheat duty of I MBtu/hr
and a steam pressureof 150 psig shows that a 1.5 ft ID boiler tube is adequate
for the service. However, the design will be reviewed after the heat loss
calculationsare completed, lt has been recommendedthat the pressure of the
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steam be raised to approximately300 psig for a more practicaldesign.

Minimum aerationrequirementsfor the standpipeand J-valve are as follows:

Steam (gasification) 52 Ib/hr
Nitrogen (gasification) 82 Ib/hr
Air (combustion) 46 Ib/hr

Process loadsheets were prepared for the reactor system, and process flow
diagrams for the reactoroperatingin gasificationas well as combustionmodes
were also prepared. P&IDs will not be producedfor the TRDU project, instead,
MWK will prepare ProcessControlDiagrams.

EERC indicatedthat they were consideringelectricalair preheating as opposed
to other types discussedpreviously. Nitrogen is to be used for instrument
purging,and differentialpressuretransmitterswill use separatepurge systems
on the high and low pressure legs. All instrumentationis indoors and heat
tracing or winterizationis not required. EERC does not use load cells on
lockhopperstomeasurefeedflowrates.Instead,they preferto calibratethe star
feeders to determine flowrates, lt was noted that if an on-line gas
chromatographwas requiredon the productgas streams,it shouldnot be installed
downstream of the existing Water Scrubber since the circulatingwater would
absorb some of the sulfur compounds. A recommended installationwould be
downstreamof the particulatecontroldevicewith indirectcooling.

A preliminarylayout of the transportreactorsystem based on 12'-6" center to
center betweenthe riser and standpipewas presentedand discussedat a review
meeting. The handout also included a summary of refractory thickness
calculationsfor two differentskintemperatures,350" and 450°F. ltwas decided
that a narrowerriser to downcomerspacingof about 8' would be preferred. M.W.
Kellogg will prepare a new layout based on this spacing and verify its
acceptabilitywithin other constraints,namely existing structural steel and
system stresses. At both skin temperatures150 psi flanges with flexitallic
gaskets are acceptableaccordingto code.

MWK provided a preliminaryintegratedschedulefor the TRDU project, a copy of
which is attachedin AppendixB.

2.2.3 TRDU EnvironmentalActivities

An updatedEnvironmentalAssessment (EA) has been preparedby the EERC for the
TRDU project in compliancewith the requirementsof the National Environmental
PolicyAct (NEPA). The findingsof this EA are that the design,constructionand
operationof the TRDU shouldbe insignificant.There are three existing systems
currently in operation: circulating fluid-bed combustor, carbonizer, and
gasifier. Each of these units rotatesoperationso only one unit is on-line at
any given time. Inclusionof the TRDU would only affect the rotation of the
units,not the amountof emissions. This projectwould have little or no impact
on air quality,waterquality,solidwaste management,noise levels,floodplains,
wetlands, historicareas,or the ecology.



2.3 TASK 1.5 FACILITY EXPANSIONESTIMATE

The conceptual design of the facilitywas expanded to include the additional
modules listed in Section 2.1. This expanded facility is referredto as the
Power Systems DevelopmentFacility (PSDF). The objectiveof this task is to
developa conceptualdesign of the expanded facility and estimate the cost to
design, constructand operate. The work breakdown structurefor this task in
shown in Table 2-3.

The deliverables to DOE for the facility expansion estimate include the
following:

I. A conceptualdesign of the Power SystemsDevelopmentFacility.

2. A cost estimateto design,constructand operatethe Power Systems
DevelopementFacility.

3. Recommendationsto DOE/METCon how to proceedwith the expanded
project.

A scope of work was developedfor each participant in the facilityexpansion
estimate. An overallschedulefor the expansionwas developedand presentedat
the kickoffmeeting held in Birminghamon February 20. The schedule for the
facilityexpansionestimat_is shown in Figure 2-I.

2.3.1 EnvironmentalPer{(itInformation

The environmentalinformationcollectedduring this quarter primarilysupports
the NEPA requirements For government contracts. Focus has remained on the
collectionof appropriateinformationfor NEPA documentationincludingexisting
facilitiesemissions (airand water) and proposedremediationwork at the Clean
Coal Research Center.

During this period, informationwas gathered to begin the statistical air
modelingneeded to supportthe NEPA documentation. PreliminaryASPEN modeling
was received from DOE that predicted emissions for both the APFBC and the
transportreactor. NO_emissionspredictedby the ASPEN modelingwere discussed
with Kellogg. Annual emissionsrate for the expanded facilitywere developed.

On February4th, SCS and SEI met with the Alabama Departmentof Environmental
Management(ADEM)to discussthe expandedproject in Wilsonvilleand permitting
requirements. Representativeswere presentfrom all branchesof ADEM and permit
applicationrequirementswere discussedwith all three branches. All areas
expressedsupportfor the researchproject.

2.3.2 Desiqn Basis

The design effortfor the PSDFwas organizedas shown in the followingBlock Flow
Diagramillustratedin Figure2-2. The Areas designatedwith an "A" and "B" are
associatedwith the MWK TransportReactorModule and the FosterWheelerAdvanced



TABLE2-3

WORKBREAKDOWNSTRUCTUREFOREXTENDEDCONCEPTUALDESIGN

Task 1.5 Facility ExpansionEstimate

Subtask 1.5.1 EnvironmentalInformation(SCS)

1.5.1.1 AdditionalNEPA Information
1.5.1.2 Air QualityModeling

Subtask 1.5.2 FacilityDesign Basis (SCS)

1.5.2.1 Modificationof Design Basis
1.5.2.2 ParticulateControlDevice Vendor Input

= Subtask 1.5.3 AdvancedGasifierModuleModifications(MWK)

1.5.3.] AlternateOxygen Case
1.5.3.2 Design Revisions
1.5.3.3 FacilityFlare and Thermal Oxidizer Design
1.5.3.4 LayoutRevisions
1.5.3.5 Kellogg ProjectManagementand Support

Subtask 1.5.4 AdvancedPFBC Module (FosterWheeler)

1.5.4.1 Module ProcessDesign Data
1.5.4.2 Informationfor Balance-of-PlantConceptualDesign
1.5.4.3 Cost and ScheduleInformation
1.5.4.4 Foster WheelerProjectManagement

Subtask 1.5.5 ToppingCombustor(Westinghouse)

1.5.5.1 Materialand Energy Balance
1.5.5.2 PreliminaryCombustorDesign
1.5.5.3 Spool Piece ConceptualDesign
1.5.5.4 WestinghouseProjectManagement

Subtask1.5.6 Gas Turbine (Allison)

1.5.6.1 AdvancedPFBC System Design
1.5.6.2 ExternallyFired Gas Turbine Design



TABLE2-3 (con' t)

WORKBREAKDOWNSTRUCTUREFOREXTENDEDCONCEPTUALDESIGN

Subtask 1.5.7 Externally Fired Gas Turbine Module (SCS)

1.5.7.1 Review of Existing Indirect Cycle Work
1.5.7.2 Feasibility of Integration into the PSDF
1.5.7.3 PotentialPerformanceand RequirementsEstimate
1.5.7.4 Module Layout
I.5.7.5 Module Cost Estimate

Subtask1.5.8 Fuel Cell Module (SCS)

Subtask1.5.9 ParticulateControl (SRI)

1.5.9.1 ParticulateSa_Ipl_ngRequirements
1.5.9.2 ParticulateContro:Device Specifications
I.5.9.3 ProjectManagement

Subtask1.5.10 Balanceof Plant (SOS)

1.5.10.1 Coal and LimestoneStorage and Preparation
i.5.10.2 Ash Handling
1.5.10.3 Final Gas Stream PollutionControl System
1.5.10.4 Instrumentation& Data Acquisition
1.5.10.5 UtilitySystems
1.5.10.6 Electrical
1.5.10.7 Site Preparationand Structural
1.5.10.8 Administration/ServiceBuildings
1.5.10.9 Cost Estimation

Subtask1.5.11 FacilityDesign Document/OperationsEstimate (SCS)

1.5.11.1 FacilityProcessEngineering
1.5.11.2 FacilityDesign Document Preparation
1.5.11.3 OperationsEstimate

Subtask1.5.12 Overall ProjectManagement(SCS)

1.5.12.1 SCS R&EA Activities

1.5.12.2 SCS EngineeringActivities
1.5.12.3 Cost and Scheduling
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PFBC Module, respectively. Areas without an alphabetic designation are
associatedwith the balanceof plant with many components in these areas shared
by both the MWK and FW trains.

The overalldesign basis documentfor the Power SystemsDevelopmentFacilityis
in APPENDIXC.

2.3.3 AdvancedGasifier Module Modifications

The work by MWK during this quarter involvedfinal revisionsfor completionof
the conceptual design for the stand-alone facility as well as design
modificationsrequired for incorporationof the add'tional modules into the
facilitydesign.

A more economicand versatilecyclonedesign was evaluated. Calculationshave
confirmedthatcyclonescan be closecoupledto the reactor,therebyreducingthe
quantityof refractory lined pipe required. This modificationis reflectedin
the estimate for the stand-aloneHGCUTF. However, vendor confirmation is
requiredto ascertainwhether particulateloadings exitingthe cyclonescan be
varied vithinthe desired range if the third stage cyclone is deleted.

The steam injectionsystem, for temperatureexcursioncontrol, upstreamof the
PCD has been eliminated because of its high cost and complexity. A nitrogen
systemwill be used insteadto controlany temperatureexcursions.

Due to the potential difficultly in operating an atmospheric bubbling bed
sulfatorwith the small size spent solids from the transport gasifies, the
economicsof a pressurizedtransportsulfator versus the current atmospheric
bubblingbed design is being evaluated. Calculationshave been made to sizethe
equipmentassociatedwith the a transportsulfatorin supportof a cost estimate.

Processcalculationswere startedto develop four additionalheat and material
balances(Illinois# 6 and Eagle Butte coals at 1600 and IO00°Fgas to the PCD)
for combustioncases at a nominal1600°Fcombustoroperatingtemperature;these
balanceswill reflectmore closelythe expectednormaloperatingconditions.The
combustor computer model has been run for all cases and heat and material
balanceshave been completedfor the two Illinois # 6 cases.

For increasedflexibilityof the Transportgasifier,particularlyfor integration
with a FuelCell, calculationswere performedto predictthe gas compositionwith
Illinois# 6 coal from an oxygen blown transportgasifier. The calculatedgas
compositionare shown in Table 2-4.
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Table 2-4
Gas Composition for Oxygen-BlownTransport Gasifier

with IllinoisNo. 6 BituminousCoal

Component Volume%

CO 35.36
H2 30.43
C02 10.93
CH, 0.21
N_ 8.44
NH3 0.01
H20 14.58
HCN 0.04
H,S O.02

Further modificationsto the flare, thermal oxidizer, structural design and
layout will be evaluated based on the design of the additional modules and
incorporatedintothe design as necessary.

In additionto the above design modifications,the capitalcost estimatefor the
stand-alonefacilitywas issued to SCS for review.

2.3.4 AdvancedPFBC/ToppinqCombustor/GasTurbineSystem

During this quarterwork was initiatedon the conceptualdesign for the FW APFBC
and CombustionTurbine Modules. This area is the responsibilityof FW with
Westinghouseand Allison under subcontractto FW for the design of the topping
combustorand gas turbine, respectively. FW developeda schedule,based on the
overallschedulepresentedat the February20 kickoffmeeting, for their portion
of the conceptualdesign and cost estimate.

The followingitemswere initiatedand completedduring the quarter by FW"

• Footprintand envelope definition
, • Block Flow Diagram
-- • Heat and Material Balances=J

• Feedstockrequirements
• ProcessFlow Diagrams
• Flare philosophy
• P&IDs
• Equipmentdata sheets
• Utilitydefinition and requirements
• Processdescription
• Fluid Bed Heat Exchangerdraftingand estimating
• Fluid Bed Heat Exchangerequipmentspecificationsand materials

of construction
• plot plan
• equipmentlist

• • generalcontrolphilosophy
• preliminarymotor list
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In additionto the work describedabove,a Gas TurbineCoordinationmeetingwas
held at FWUSA on March 19 to define the requirementsfor integrationof the gas
turbineand combustorintothe overallsystem. Inconjunctionwith this meeting,
tours of the FW APFBC Pilot Plant were conducted.

Discussionsat the meetingincluded:

• the footprintof the combustorand trubine
• requirementsfor turbineisolationand fuel gas diversionduring

turbineupsets
• instrumentationrequirementsand controlof combustorand turbine
• requirementsfor particulateand alkali samplingand monitoring
• maximumallowableconcentrationand duration for excursions in alkali

to turbine
o maximum allowableconcentrationand duration for excursions in

particulatesto turbine

During the quarter Allison and Westinghouse completed data sheets, cost,
fabrication,and deliverydata for the combustor/turbine.

The conceptual cost estimate has been initiated and should be completed on
scheduleduring the next quarter. Milestonesfor the project have been defined
and a schedule is being developed for EPC and operations phases. All work
associatedwith the conceptualdesign shouldbe completedon scheduleduringthe
next quarter.

Detaileddesignwill begin in the next quarterpendingresolutionof contractual
issues.

2.3.5 Fuel Cell Module

SCS contacted EPRI and two molten carbonate fuel cell vendors to obtain

additional informationfor the Fuel Cell Module °F expanded facility. SCS is
investigatingthe useof EPRI'snominal100 KW test skid,that is currentlyunder
fabrication,to determine the effects of contaminantsfrom hot gas cleanup
systems. Input is also being solicited by SCS from EPRI and the fuel cell
vendorson the appropriatesize beyond the nominal100 KW testing or full stack
heighttesting,workingtowardsfully integratingthe transportgasifierwith the
fuel cell module.

Meetingswere heldwith EnergyResearchCorp. and M-C Power to gain their input
for the fuel cell module. A packet of informationwith a list of requested
informationlocatedin AppendixD were given to eachvendorto respondby to SCS.

2.3.6 ParticulateControl

2.3.6.1 ParticulateApparatusand Instrumentation

SRI completedthe conceptualdesign of the particulatesampling system required
under the original scope of work. Under the expanded scope of work, this

14



conceptualdesign is being reviewedto ensure that it is compatiblewith the new
APFBC and other systems. The preliminarydrawings of the particulatesampling
systemsand port arrangementsand the preliminarylist of equipmentneeded for
the particulate sampling will be modified as needed. The new equipment
requirementsand specificationswill be used as a basis for developing a cost
estimatefor the particulatesamplingsystem. The new cost estimatewill be part
of the revisedmanpower and cost estimatesto be submittedto SCS in April.

Inview of the new emphasison turbineoperationand alkalicontrol,SRI examined
the needs foY alkali sampling and monitoring at the Wilsonville facility.
Continuousmonitoring of alkali is needed at the inlet of the turbine, because
of the stringentlimitationon alkalienteringthe turbineand the potentialfor
turbinedamage. Alkali sampling is needed at the outlet of the alkali getter
beds to assess the performanceof the getter and to detect any channeling,
deteriorationof the getter,or breakthroughof alkali. The alkali samplingat
the getter bed outlet can be done with a separate alkali samplingprobe, since
combinedparticulateand alkali samplingwill be done at the PCD inlet and the
PCD outlet (getter bed inlet). The alkali samples obtained at the inlet and
outlet of the PCD will 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
interestbecauselong-termcaptureof alkalivapor by filtermaterialsaltersthe
structureof the ceramic (Alvin,et al, 1991).

The combinedparticulateand alkalisamplingmentionedabovecan be accomplished
using a modified particulatesamplingprobe in which an alkali sorbenttrap or
an alkalicondenseris connectedto the back end of the particulatesampler. The
samplingof alkali alonecan be accomplishedusing a separateprobe based on the
use of eitherthe sorptiontechniqueor the condensationtechnique. For both the
combinedparticulateand alkalisamplingand the alkalisamplingalone, there is
a need to determine which of the two alkali collectionmethods (sorptionor
condensation)is best in terms of collectionefficiencyand ease of use. In the
sorptionmethod,alkalivapor is adsorbedon activatedbauxiteor other suitable
sorbent. The adsorbedalkaliis then extractedfrom the sorbent,and the extract
is analyzedby atomic emissionspectroscopy(AES)or by ion-specificelectrodes.
In the condensationtechnique,the alkali vapor is condensedon inert beads.
The condensedalkali is thenrecoveredby rinsingthe beadswith deionizedwater,
and the rinse water is analyzedby AES or ion-specificelectrode. As with the
two alkali collectionmethods, there is a need to determinewhich of the two
analytical procedures (AES or ion-specific electrode) is best in terms of
accuracyand ease of use.

The alkali concentration in the gas stream entering the turbine may be
continuouslymonitoredby on-lineAES. This is the basicprincipleof operation
that is employed in both the Ames alkali analyzer and the fiber optic alkali
monitor (FOAM). The FOAM is basicallya subsequent implementationof the Ames
analyzer, in which the steppermotor-driven spectrometerand photomultiplier
detectorare replaced by fiber optics,a narrow bandpassoptical filter, and a
photodiodedetector. Both the Ames analyzer and the FOAM require a so-called
"double"sampling arrangementbecausethe monitor's burner module will accept
only a small portion of the total sample flow. The double arrangementinvolves
samplingfrom the processstreamisokineticallyat a high flow rate, discharging
the primary flow into an expansionchamber where most oT the primary flow is
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drawn off, and then samplingisokineticallyfrom the expansionchamberto obtain
the secondarysample flow that is monitored. Experiencewith the Ames analyzer
and the FOAM suggeststhat these monitorstend to read an alkali concentration
that is low by a factor of two to three, but the monitors are sensitive to
changesin the alkali concentration(Haas,et al, 1991).

A white paperthat discussesthe issuesrelatedto alkalisamplingand monitoring
in more detail is includedas AppendixE.

2.3.6.2 ParticulateControlDevices

To informthe PCD vendorsof the new scope of the Wilsonvillefacility,letters
were sent to each vendor along with a list of questionsand informationneeded
for the extended conceptualdesign and is included in Appendix F. In March,
meetingswere held with IndustrialFilter& Pump in Cicero, Illinois;Babcock&
Wilcox in Barberton,Ohio; and Westinghousein Pittsburgh. Arrangementswere
made for CombustionPowerCompanyto visitthe SCS officesin Birminghamin April
and for Calvertto discuss the PCD issueswith SCS and SRI by conferencecall.

In general,the visits were worthwhile,and the vendors openly discussedtheir
particulate control technologies. All of the vendors agreed that it was
feasibleto design a PCD thatwould be interchangeablebetweenthe FosterWheeler
carbonizerand the Kelloggtransportreactor. The PCD would be designedfor the
maximumflow rate generatedby the carbonizer(about2000 acfm), and about half
of the filter elements would be blanked off when the PCD was used on the
transport reactor, where the flow rate is about I000 acfm. The vendors
generallypreferredto have a cycloneahead of the PCD to reduce the frequency
of pulse cleaning cycles. One possible exception was the supplier of the
granular bed filter, Combustion Power, who expressed a desire to test the
granularbed filterwith the full dust loading. The vendorscautionedthat any
cycloneinstalledahead of the PCD shouldnot be too efficient,since very small
particlestend to producean impermeabledust cake. All of the vendorsagreed
that they could supply a cyclonewith their PCD system.

All of the vendor_suppliedestimatesof the physicaldimensionsfor their PCDs,
along with projection;_of servicelife and heat loss. A candle filter for the
transportreactor/carbonizerwas estimatedto be about 4 to 6 ft in diameter and
about 15 to 30 ft in height. The Babcock& Wilcox tube filterwould have about
the same diameter,but it would be considerablytaller,with a height of about
60 ft. The Combustion Power granularbed filter would also be about the same
diameter,but the entire systemwould be even taller, with a height of over 90
ft. A candlefilter or tube filterfor the PFBC was estimatedto be about 7 tn

8 ft in diameter. Projectedservicelife ranged from one to three years, and
projectedheat loss ranged from 10 to 60°F.

SRI submitteda letter to SCS summarizingthe findings from the first three
vendor meetings. A copy of the letter is included as AppendixG.

Under the expanded scope of work, SRI anticipatedreceiving samples from the
FosterWheelerpilot plant in Livingston,New Jersey, but no sampleshave been
availableto date. When the FosterWheelersamplesare received,they will be
characterizedby the same proceduresused on the TRTU samples (i.e., Coulter
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Counter for volumetric particle sizing, Shimadzu centrifuge for aerodynamic
particlesizing,BET methodfor specificsurfacearea analysis,heliumpycnometry
for particledensitymeasurement,electrostatictensiometerfor tensilestrength
measurement, and scanning electron microscopy for examination of particle
morphology). The characteristicsof the Foster Wheeler particles will be
included in the Request for Proposal (RFP) for the PCDs, along with the
characteristicsof the Kellogg transportreactorparticles.

2.3.7 Balanceof Plant

During this quarterthe balance of plant design for the stand-aloneHGCTF was
completed and the Facility Design Document for the stand-alone facility was
prepared. Most of the work during this time periodconcentratedon the facility
expansionestimate.

Preliminarybalanceof plant design was startedas informationbecame available
from FW and MWK. A meeting was held in Wilsonvilleto discuss plans and site
requirementswith AlabamaPower Companyand SEI. A plot plan was then developed
for the expanded facility after consideringlayouts on greenfield sites, the
liquefactionsiteand the agglomerationsite. A site walkdownwas performedfor
the selectedsite.

The structuresfor the MWK TransportReactormodule and the FW APFBC modulewere
combined into a single structure. The revised structural layout was reviewed
with FW and MWK. The combinedstructureshouldresult in a cost savingscompared
to separatestructuresfor each module. The increased footprint size of the
combined structurereducesthe requirementsfor the foundationcomparedto the
tall and narrow stand-alonestructures. A revised process structurematerial
takeoff had been initiated.

Work also began on the design of the utility section of the plant as some
informationwas became availablenear the end of March. Equipment lists and
utilitiesfrom the liquefactionand agglomerationfacilitieswere reviewedfor
possibleuse in the expanded facility.

Other activitiesincluded:

• initiationof a cost estimate for the extended design
• developmentof a preliminarydesign and constructionschedule.
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3.0 PLANS FOR FUTUREWORK

I. Completethe conceptualdesign of the expandedtest facility.

2. Submit to DOE/METCa report on the conceptualdesign of the Power Systems
Development Facility and the estimated cost to design, construct and
operate.

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

4. Establishthe FosterWheeler and EERC subcontracts.

5. Proposea modificationto the CooperativeAgreementfor the increasein the
level of effortfor the detaileddesign,constructionand operationof the
expandedtest facility.

6. Begin detaileddesign for the Power SystemsDevelopmentFacility in order
to maintain schedulefor the facility.

7. DevelopRequestfor Proposals(RFP) for the particulatecontroldevicesfor
the Power SystemsDevelopmentFacility.
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AppendixA

Hot Gas CleanupFacilityExpansionSummary



HOT GAS CLEANUP TEST FACILITY FOR
GASIFICATION AND PRESSURIZED COMBUSTION

DOE COOPERATIVE AGREEMENT DE-FC21.90MC25140

EXTENDED CONCEPTUALDESIGN
TASK 1.5 FACILITYEXPANSION ESTIMATE

INTRODUCTION

Southern Company Services (SCS) has been investigating the feasibility of constructing a
Power Systems Development Facility (PSDF) at Southern Clean Fuels in WilsonviUe, AL
The proposed Power Systems Development Facility (PSDF) is a within scope, phased
expansion of the existing Hot Gas Cleanup Test Facility Cooperative Agreement between
DOE/METC and SCS. The PSDF would combine a number of pilot-scale test facilities at
a single site to reduce overall capital and operating cost compared to individual stand-alone
facilities, while continuing DOE/METC's objective of carrying out meaning_l systems and
component testing for advanced coal-based power generation development.

The intent of the PSDF is to provide a flexible test facility that can be used to develop
advanced power system components, evaluate advanced turbine system configurations, and
assess the integration and control issues of these advanced power systems.

The near-term research and development needs for advanced coal-based power generation
identified by DOE/METC and industry are the need for a dedicated test facility for testing
hot particulate removal devices and the continued development of a higher efficiency
advanced pressurized fluid-bed combustion (APFBC) system. Mid-term research and
development needs axe for externally-fired gas turbine (EFGT) and water injected gas
turbine systems. The longer-term research needs include the integration of coal gasification
with fuel cells to develop a high efficiency, low emissions system for future base load power
generation at a reasonable cost.

FACILITYDESCRIPTION

The PSDF will consist of five modules for systems and component testing. These modules
include a APFBC Module, an Advance Gasifier Module, Compressor/Turbine Module,
Water Augmented Gas Turbine Module and a Fuel Cell Module. Each of these modules
can be combined as shown in Figure 1 to provide a flexible test facility. However, due to
budgetary, constraints and contractual issues associated with the Department of Energy's
Acquisition Regulation and efforts to provide better cost justification to Congress, the
construction of the modules needs to be phased into the facility over a period of time. A
schedule of the phasing of the test facility is illustrated in Figure 2. The Immbers for the
cash flow requirements of the facility over the next five years are based on DOE/METC's







estimates. A key aspect of the cash flow estimate is that the combined industry participants
will be able to share at least 20 percent of the total cost. One of the first tasks that must
be accomplished to implement this "Strawman" recommendation is for SCS and it's
subcontractors to conduct an expanded conceptual design effort to validate the cost
estimates shown in Figure 2.

The first modules to be designed and installed at the PSDF would be the APFBC,
Compressor/Turbine, and Advance Gasifier Modules. The APFBC module consists of
Foster Wheeler's technology for second generation PFBC. This module relies on the partial
conversion of the coal to a fuel gas with the remaining char converted in a PFBC. Both the
fuel gas and PFBC exhaust gas streams are filtered to remove particulates, then combined
to fire a combustion turbine. The advance gasifier module involves M. W. Kellogg's
transport technology for pressurized combustion and gasification to provide either an
oxidizing or reducing gas for para_mettle testing of hot particulate control devices. The
compressor/turbine module currently consists of a GM-Allison 501 gas turbine, nominally
producing 4 MW of electric power, which will provide a more cost effec:_.vecompressed gas
source than an electric driven compressor train. The final selection of the gas turbine would
depend upon a number of factors, including the ability of the turbine supplier to provide
cost share. The gas turbine would be modified to accommodate a gas combustion system
supplied by either Westinghouse or Allison, depending upon the results of topping
combustor test being conducted by Foster Wheeler.

Installing and operating these three modules at the same time will allow the facility to
provide the capability for both parametric and long-term testing of particulate control
devices (PCDs) to support the DOE Clean Coal Program. Three separate PCD
technologies can be tested at the fadlity under both parametric and long-term testing by
rearranging the PCDs between the Advance Gasifier and APFBC Modules. This requires
that the facility be carefully laid out to accommodate the physical movement of the PCDs
from one module to another, or alter the routing of hot piping to PCDs from the different
modules, while still accounting for downstream systems and the eddition of future modules.
SCS recognizes that additional development of the transport reac.or in a gasification mode
is required (at the University of North Dakota Energy and Environmental Research Center
(UNDEERC)) prior to operating the transport module in this mode at the PSDF. However,
SCS feels confident that the transport reactor has a sufficient design base to provide
assurance that the unit can be operated in a pressurized combustion mode initially to
support the operation of the PCDs.

The provision to water inject the gas turbine, install an EFGT module, and install a Fuel
Cell Module could be phased into the PSDF in the future. The EFGT module will be
designed for the potential scaleup of indirect-fired cycles currently being sponsored by
DOE/METC and DOE/PETC. The externally-fired combined cycle (EFCC) is being
sponsored under DOE/METC consists of a system including combustion/heat
exchanger/HRSG/cleanup to heat air to 2,300°F to produce power in a gas turbine. The
DOE/PETC sponsored program includes high pt.cformance power systems (HIPPS) and



integrate combustion/beating/cleanup to heat air to 1,800°F that fired with natural gas in
a topping combustor prior to producing power in a gas turbine. The fuel cell module
integrated with the transport gasifier and can be used to test advanced fuel cells such as

molten carbonate and solid oxide fuel cells. A preliminary conceptual layout of the
proposed PSDF is shown in Figure 3 to illustrate how the facility may be arranged to
accommodate the components needed for the overall PSDF program. Future modules are
shown in dotted lines. Both the APFBC and Advance Gasifier Modules would share a

common support structure with the PCDs located at end bays of the structure for easier
access. Coal and limestone storage with crushing, control room and support buildings can
be shared. Currently the preferred location for the PSDF is the confines of the site being
used for the coal liquefaction facility at Southern Clean Fuels in Wilsonville, AL The
ability to remediate this site within the schedule shown in Figure 2 will determine whether
this location is actually used. The alternative location is immediately next to the coal
liquefaction faciliw on an unused piece of property. Social, economic, and environmental
issues associated with using either site are being addressed under the NEPA process.

The phasing of the installation of the modules as proposed has several advantages. The
construction activities can be combined to maximize the utilization of construction

equipment and labor while minimizing the overlap of construction with the operation of the
facility. Capital cost savings can be achieved due to the fact that most of the central support
infrastructure (buildings, fire protection, backup electric generators, coal and limestone
storage areas, etc) already exists if the Direct Coal Liquefaction Project site can be used.
Only incremental increases to support both the APFBC and Advance Gasifier Modules
would be required compared to the duplication of ali of the infrastructure at individual
stand-alone pilot-plants. "Die operating costs for on-site O&M, engineering, and
administration would also increase incrementally by operating multi-modules at a central
site. In addition, the possibility of sharing common utilities also exists with a combined
facility.

PROJECT ORGANIZATION

The project organization for the proposed PSDF is shown in Figure 4. An advisory
committee composed of representatives from DOE, EPRI and the utility industry will
provide guidance in the overall technical direction for the facility.

SCS Research and Environmental Affairs would be responsible for overall project
management and procurement of the PCDs. SCS Engineering would be responsible for
coordinating the design of the facility as well as plant layout and balance-of-plant design.
The process engineering for the APFBC module would be done by Foster Wheeler. Foster
Wheeler will also take the lead in integrating the APFBC module with the combustion gas
turbine, working with Westinghouse for the topping combustor design and Allison for the
design of the gas turbine and air compressor. M. W. Kellogg will provide the process
engineering for the transport reactor unit. Southern Research Institute will develop the







testing plan for the PCDs and evaluate the PCDs performance. Southern Electric
International will be the facility operator. SCS will be responsible for coordinating the
design for the water augmented gas turbine (EFGT) module.
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Power Systems Development Facility Design Basis



POWERSYSTEHSDEVELOPHENTFACILITY

DESIGNBASIS DOCUNENT

Revision A

SouthernCompanyServices, Inc.



DESIGNBASISDOCUMENTREVISIONLOG

Revision Issue Sections
Number Dat____e Revised



AREALISTING

CURRENT
ARE___.AA DESCRIPTION REVISION

100 FEED STORAGEAND PREPARATION

200A TRANSPORTGAS GENERATOR
200B ADVANCED PFBC GAS GENERATORS

300A PARTICULATECONTROLDEVICES FOR TRANSPORTGAS GENERATOR
300B PARTICULATECONTROLDEVICES FOR ADVANCED PFBC

400A GAS COOLINGAND TREATMENTFOR TRANSPORTGAS GENERATOR
400B GAS TURBINE

500A ASH HANDLINGFOR TRANSPORT

600A SULFATOR

700 FINAL GAS TREATMENT

800A ASH DISPOSALFOR TRANSPORT
800B ASH DISPOSALFOR ADVANCED PFBC

900C INDIRECTGAS TURBINE

900D FUEL CELL

1000 INSTRUMENTATIONAND DATA ACQUISITION

ARE_II_ii!ZOOOilI!Ii_IiiNO_IIIIREVI!SED
2_000............................UTI:[i:YIES:_"::_:_:O00BOILER FEEDWATERAND STEAM SYSTEM

2100 SERVICEWATER (COOLINGWATER)

2200 SERVICE/INSTRUMENTAIR SYSTEM

2300 AUXILIARYFUEL SYSTEM

2400 FIRE PROTECTIONSYSTEM

2500 WASTEWATERTREATMENTSYSTEM

2600A NITROGEN SYSTEM
2600B OXYGEN SYSTEM

2700 WATER TREATMENT/CHEMICALFEED SYSTEMS

2800 SAFETY/SECURITYSYSTEMS



ARE_i!i_O_iiiiiii_iiiilNO_iiREYiSEO
3000.......................E[:EtYRT_tAL!__"_3000POWERDISTRIBUTION

3100CONTROL& DATAACQUISITIONCIRCUITRY

3002LIGHTING

3003COMMUNICATIONS

3004HEATTRACING/ FREEZEPROTECTION

4000 BUILDINGS



Power Systems DeveLopment Facitity Southern Compmvf Services, Inc.
Design Basis REV A

AREA100 FEED PREPARATION

I. Description: This area includesall componentsrequired for receiving,
storing,and processingcoal and limestone. Includedare the coal and
limestonestorage area, truck unloadingfacilities,scales, covered
storageprovisions,run-offprovisions,reclaim hoppers, conveyors,
magnetic separators,crushers,samplingprovisions,feeders,
pulverizers,air heaters,cyclones,dust collection systems,storage
silos, blowers, fans, coal and limestonepiping, chutes, supports,
foundations,electricalequipment,controls, raceways,and grounding.

Area InterfacePoints:

o Storage silo dischargeto lock hopper and/or surge bin (AREA 200A )
o Storage silo dischargeto lock hopper and/or surge bin (AREA 200B )
o Limestonemake-up to Sulfator (AREA60OA)
o Utilities (AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000) (Alarmsand Emer.

stop only)
o ElectricalDistributionand Utilities(AREA 3000)

Design Interface:

Lead: SCS

Interface:SCS will provideproperlysized coal and limestonefeed up to a
locationidentifiedby MWK in AREA 200A and by FW in AREA 200B at or near
the physical boundary of the processstructure. Feed within each area
will be the responsibilityof Lead design organizationfor that area.

Coal:

Desiqn Coal Alternate Coal
IllinoisNo. 6 Eagle Butte
Bituminous Sub-bituminous

ProximateAnalysis,wt.% (AR)
Moisture 12.9 20.5
Volatile Matter 36.8 34.7
Fixed Carbon 41.7 38.0
Ash 8.6 6.8

UltimateAnalysis,wt.% (MF)
Carbon 71.I 68.7
Hydrogen 5.0 5.I
Nitrogen I.4 O.9
Chlorine 0.3 0.0
Sulfur 3.0 1.1
Ash 9.9 8.5
Oxygen (by diff.) 9.3 15.7

HHV, Btu/Ib,AR 11,200 9,800
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Power System Oevetolamt FaciLity Southern CclparN Services, Inc.
Design Basis REVA

Ash #nalysis,wt.% of ash
SiOz 50.2
A1203 18.8
Ti02 1.0
Fe203 16.I
CaO 5.4
MgO I.I
KzO I.g6
Na20 0.g2
S03 4.2
P20s 0.2
SrO 0.02
BaO 0.06
Mn304 0.04

AR - As received MF - MoistureFree

Coal Moisture:
Ill. No. 6 Eaqle Butte

Design (AR),wt.% 12.9 20.5
Maximum (AR),wt.% 15.0 25.0
After Grinding,wt.% 5.0 12.0

Coal Grinding:

As-received: Size - 2.5" x 0", Bulk Density = 50 Ib/ft3

As-ground:
For AREA 20OA:

GasificationMode: Average ParticleDiameter = 100 microns
CombustionMode: Average ParticleDiameter = 200 microns

80% < 420 microns (35 mesh)
For AREA 20OB:

I/8"
For AREA 900C:

To be specified

Lossesduring grinding:no more than 15%

Output:
Fo_ AREA 20OA:

Continuousfeed = 3 tons/hrat 5% moisture
For AREA 20OB:

Continuousfeed = 3 tons/hr
For AREA 900C:

To be specified
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Power Systenn Oeveloflmt Facility Southern COal)any Services, Inc.
Design Basis RL:V A

Limestone: Longview
Analysis,wt.%, dry

CaC03 97.45
MgC03 I.5B
SiOz 0.20
Rz03 O.74

LimestoneMoisture:

As-received,wt.% 10.0
After Grinding,wt.% 2.0

LimestoneGrinding:

As-received" Size = 2.5" x 0", Bulk Density= 100 Ib/ft3
As-ground:
For AREA 20OA:

As-ground: Average ParticleDiameter= 100 microns
80% < 250 microns
Bulk Density= 95 Ib/ft3

For AREA 20OB:
I/8"

For AREA 900C:

To be specified

Losses during grinding:no more than 15%

Output:
For AREA 20OA:

Output'10tons in 8 hours. Continuousfeed to Gasifier = 838 Ib/hr
(Basedon maximum design Ca/S = 1.5)

For AREA 20OB:

To be specifiedby FW
For AREA 900C:

To be specified

Storage Capacities:

o As-receivedCoal = 21 day capacity.(foreach coal), pile
o Crushed Coal = 24 hours capacity_i_)_i)))_i_!ii_i_i!i_!_i_i!i_i_!_i_!__!_i_))

o PulverizedCoal = 24 hours cap:_:_:::i_:_'_:+::"+:_:_:::i'6.......................................................................................................................................
o As-receivedLimestone= 21 day capacity,pile

o Crushed Limestone= 24 hours capacity(i_:_iii_h!_:_ii:_i:_i_:!_i_aiiii_oi!i_i_iii_i).+......,................................+..,..+......................................:::._. ::.::•::::::::::::::::::::::::::::::::::.:.:::.:::;: ... :.:...::.;_..::
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Pw Systes Devetopmmt FaciLity Southern Company Services, lhc.

Design Basis REV A

o PulverizedLimestone= 24 hours capacity,silo

Waste Stream:

o Coal pile run-off
o Limestonepile run-off
o Fine particulatesfromgrinding Pyrites

Control and Data AcquisitionRequirements:

0 Control systemsfor coal and limestonewill be independentand
automaticand locatednear the equipment.Alarms will be sent back
to the DCS in the main control.The main controlroom will also have
an EmergencyStop function.

0 Sized feed from storagesilos determinedby demand signals from AREA
20OA, 200B and gOOC.

0 System will includeno provisionsfor automaticstart of the
processingequipment(le,crusher, pulverizer,etc.)fromcontrol
room. All startingwill be from local control station.

0 Automatic stop for each system will occur under the following
"normal"conditions:
- Storage bin high level.
- "Normal" shutdownsignal from control room or local control

station.

0 "Normal" stop will includeprovisions for clearing pulverizersand
piping.

0 Alarm and Trip Conditions:
- In event of processsystem trip - Stop transportto lock hoppers

and initiatenormalshutdown sequence.
- In event of coal handingsystem trip - Alarm in control room and

initiateN2purge.
o In event of limestonehandling system trip - Alarm in control

room.
- Provide emergencytrip capability in controlroom. E-trip shall

includeN2 purge (coalhandling only).
- Provide pulverizedcoal and limestone storagesilo low and high

level alarms in controlroom.

- Provide pulverizedcoal storagesilo 02 alarm in control room.

0 Control room continuousmonitoringrequirements"
- Storage silo levels
- Oz level in coal storagesilo
- Operating status (ON/OFF)of equipment
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PeMer SystemsDeveLopmentFaciLity Southern Ccapeny Services, Inc.
Design Basis REVA

Utilities: Nitrogen for purge,grinding,and silo blanket (coal)

Servicewater
Plant air
Fire protection
Auxiliaryfuel for drying

Electrical:

Voltages:480/3/60
120/I/60
240/I/60

Suggested Vendors:

Pulverizer& associatedequip.: Williams Patent Crusher
Bradly Pulverizers

Pulverizedcoal handling: HowdenEnvironmentalSystems
5155 East River Road

Minneapolis, MN 55421
612-571-0560 FAX: 612-571-0426

Solid flow shut-off valves: EverlastingValves
Hile Controlsof Alabama, Inc.
205-995-0030 FAX: 205-995-1243

Comments:

o Provide paved covered storage area to reduce drying requirements and
minimize pile run-off treatment provisions.

o Consider possibility for using same crushing and grinding equipment
for both coal and limestone.

Conceptual Desi gn Requirements:

o Description of process
o Size equipment
o List of equipment/materials
o Estimatedcost
o Delivery dates
o PreliminaryP&ID's
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Power Systems OeveLqpment FaciLity Southern Company Services, Inc.

Design Basis REV k

AREAZOOA TRANSPORTGASGENERATOR

1. Description: The process system necessary for producing the hot gas
streams to Area 30OA. This includes the transport reactor
(gasifier/combustor), coal and limestone lock hopper system, start-up
burners, necessary compressed gas and air systems, cyclones, fluid bed
boiler, fluid bed cooler, high temperature gas cooler, piping,
supports, controls, electrical power equipment, raceways, and
grounding. Equipment layout drawings. Include provisions to operate
with oxygen-blown gasification.

2. Area Interface Points:

o Coal silo discharge (AREA100) to coal lock hopper.
o Limestone silo discharge (AREA100) to limestone lock hopper.
o High pressure hot gas to PCD (AREA30OA)
o Recycle gas from recycle gas compressor (Area 40OA).
o Steam for gasification from high pressure/temperature steam drum

(AREA40OA)
o Start-up steam from steam drum (AREA40OA)
o Steam for high temperature gas cooler from steam drum (AREA40OA)
o Feedwater from drum (AREA40OA) for fluid bed boiler.
o Utilities (AREA2000)
o Instrumentation and Data Acquisition (AREA1000)
o Electrical (AREA3000)
o Ash Handl ing (AREA50OA)

3, Design Interface:

Lead: MWK

Interface: MWKwill design the complete gas generator process and will
provide all layout and detail drawings for 200A regardless of system within
the physical boundary of the process structure. Piping interfaces for
coal, limestone, and utilities will be identified on drawings at structure
boundaries. Electrical interfaces will also be identified at structure
boundaries.

SCS is responsible for design of structure and foundations based on MWK
layouts. Control and data acquisition (AREA1000) is the responsibility of
SCS, but required equipment and instrumentation within the structure
boundaries is the responsibility of MWK.

4. Gas Generator Output:

BASIS: 1000ACFM to PCD inlet, all conditions,both modes. PCD inlet
pressurevariable (gasificationonly).

ASSUMPTIONS: PCD inlet temperature= 1000 to 1800°F

20OA-I
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Fuel Cell Vendor Information and Requested Information



Request for
Conceptual Design Znformation

Fuel Cell Module

Wilsonville Power Systems Development Facility

Southern Company Services, Inc.



INTRODUCTION

Southern Company Services (SCS) is investigating the feasibility
of expanding the Hot Gas Cleanup Test Facility for gasification
and pressurized combustion (HGCUTF) into a Power Systems
Development Facility (PSDF). The PSDF would be located at
Southern Company's Clean Coal Research Center in Wilsonville, AL
and would be operated under a cooperative agreement between the
Morgantown Energy Technology Center (METC) and SCS. The PSDF
would combine a number of pilot-scale test facilities at a single
site to reduce overall capital and operating costs compared to
individual stand-alone facilities.

The objective of the PSDF is to provide a flexible test facility
that can be used to develop advanced power system components,
evaluate advanced turbine system configurations, and assess the
integration and control issues of these advanced power systems.

The near-term research and development needs for advanced coal-
based power generation identified by DOE/METC and industry are a
dedicated test facility for testing hot particulate removal
devices and the continued development of a higher efficiency
advanced pressurized fluid-bed combustion (APFBC) system. The
longer-term research needs include the integration of coal
gasification with fuel cells to develop a high efficiency, low

. emissions system for future base load power generation at a
reasonable cost.

FACILITY DESCRIPTION

The PSDF will consist of five modules for systems and component
testing. These modules include an APFBC Module, an Advanced
Gasifier Module, Compressor/Turbine Module, Water Augmented Gas
Turbine Module and a Fuel Cell Module. Each of these modules can

be combined as shown in Figure 1 to provide a flexible test
facility.

One of the first modules to be designed and installed at the PSDF
will be the Advanced Gasifier Module which will use M.W.

Kellogg's Transport Reactor. Initially, the Advanced Gasifier
Module will be used for parametric testing of hot particulate
control devices. Later, either a molten carbonate or solid oxide
fuel cell module will be installed and integrated with the
Transport Reactor. The schedule for the installation and testing
of the fuel cell module is shown in Figure 2.

INFORMATION REQUESTED

SCS is requesting the information necessary to complete a
conceptual design and cost estimate for testing a fuel cell skid
at Wilsonville to demonstrate the integrated gasification fuel
cell concept.



A simplified process flow diagram for the transport reactor
module is shown in Figure 3. The fuel gas to be used in the fuel
cell is specified in Table i. In addition to these components,
the fuel gas will contain some particulates, which will consist
of c_l mineral matter, unreacted limestone, and Ca/Mg salts.
Please indicate whether testing with the air-blown, oxygen-blown
or both cases is recommended. The cost estimate for the fuel

cell skid should include the cost of any gas cleanup required
prior to feeding the fuel cell. The fuel gas flow listed in the
table should be regarded as the maximum amount of fuel gas
available and the fuel cell need not be sized for this flow. The

optimum size for testing should be determined based on cost and
technical information obtained from the testing.

Conceptual Desiqn Information
The following information is needed by SCS for completion of the
conceptual design:

o footprint of fuel cell skid
o skid loads for foundation requirements
o utility requirements
o electrical requirements
o I/O count for instruments

o Process and Instrumentation Drawings if available
o gas composition and conditions leaving the fuel cell
o electrical power produced
o fuel gas flow rates required and the maximum

fluctuation that can be tolerated

o required temperature and pressure of the fuel gas

The foundation for the skid would be provided by SCS and the
interface for all piping, electrical wiring and instrumentation
cables would be at the boundary of the fuel cell skid. The
electrical power generated should be at 4160V AC at the
interface. A DCS will be provided by SCS with the control
strategy/philosophy and all instrumentation provided by the fuel
cell vendor. Any necessary exhaust gas conditioning will be
provided by SCS.

Cost and Schedule Information

The project is cost shared 20% by industry and 80% by the
Department of Energy. Please indicate the amount of cost sharing
you would provide and the following information.

o design cost and schedule
o construction cost and schedule

o operating and maintenance cost per month
(for operating and maintenance personnel please provide
manhours instead of cost)



Table 1 Fuel Gas Data

Air Blown Oxygen Blown

Component Volume Lb/hr Volume % Lb/hr
%

CO 18.37 3164

H_ 13.65 169

CO_ 8.07 2184

CH& 0.36 35

N_ 51.09 8799

Ar 0.00 0

O_ 0.00 0

NH3 0. 0068 1

HpS 0. 0246 5

COS 0.00??? 0

SO_ 0.00 0

H_O 8.40 931

HCl 0.00??? 0
,,

C_. 0.00 0

NOv 0.00 0

HCN 0. 0222 4

Total Flow
,,

Lb/hr 15291

Lb Moles/hr 614.8

SCFM 3,888

Molecular Weight 24.873

Temperature, °F

Minimum 600
--

Maximum

Pressure, psi@

Minimum ???

Maximum 300
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Alkali Sampling and Monitoring at the Wilsonviile

Power Systems Development Facility

INTRODUCTION AND BACKGROUND

This document discusses the requirements for alkali sampling and monitoring at the

Wilsonville Power Systems Development Facility (PSDF). The need for alkali sampling

and monitoring at the PSDF is explained, and available sampling and monitoring

techniques are briefly reviewed. Potential sampling and monitoring locations and

objectives are summarized, and sampling and monitoring approaches are suggested.

Estimated manpower requirements and costs associated with alkali sampling and

monitoring are included.

The original purpose of the Wilsonville facility was to test high-temperature particulate

control devices (PCDs) under conditions expected in gasification and pressurized fluidized-

bed combustion (PFBC) processes. The original facility was based upon the Kellogg

transport reactor, a flexible gas generator capable of simulating both gasification and PFBC

processes. The original facility included two PCDs, with one PCD being operated and

evaluated while the other PCD was serviced or modified. Since the original facility design

included neither a gas turbine nor any form of alkali control, alkali sampling and

monitoring were considered to be unnecessary. In view of the expansion of the facility to

include the Foster Wheeler advanced PFBC (APFBC) system and the Allison gas turbine,

the need for alkali sampling and monitoring must be reconsidered.

Need for Alkali Sampling and Monitoring

To minimize the potential for high-temperature corrosion of the gas turbine, Allison has

recommended a limit of 20 ppb on the alkali concentration in the flue gas entering the

turbine (Davis, 1992). Equilibrium calculations suggest that the fuel gas generated by the

Foster Wheeler carbonizer may contain as much as 40,000 ppb of alkali, and the flue gas



generated by the PFBC may contain as much as 240 ppb of alkali (Robertson, 1990). Based

on these predicted concentrations, compliance with the Allison specification will require

removal of 99.95% of the alkali in the carbonizer gas and removal of 92% of the alkali in

the PFBC gas. Foster Wheeler plans to incorporate packed beds of alkali "getter" in both

the carbonizer and the PFBC gas streams to effect the required alkali removal. Alkali

sampling will be required to verify that the getter is providing adequate alkali control.

The alkali sampling techniques that are currently available involve either the adsorption of

alkali vapor on an appropriate sorbent or the condensation of alkali vapor on inert beads.

The alkali is then extracted from the sorbent or rinsed off the beads, and the extract or rinse

is analyzed for sodium and potassium. For the most accurate results, the analysis should be

clone by atomic emission spectroscopy (ALES), which would require transporting the

samples to the Southern Research Institute (SRI) laboratories in Birmingham, about 35

miles from the Wilsonville facility. Using this procedure, the results would probably not be

available until several days, or possibly several weeks, after the sampling is done. The

results could be obtained faster using on-site analysis with specific-ion electrodes (Newby,

1992). It would still be necessary to use AIESto check the specific-ion analyses, at least until

the on-site procedures are proven to be reliable, If the on-site procedures using the

specific-ion electrodes prove satisfactory, the turnaround time could be reduced to several
hours.

According to _lison (Davis. 1992), "Any excursion of particulate and alkali above the limits

will accelerate the reduction of turbine life. Excursions of more than a few minutes should

be avoided." Excursions in alkali concentration could result from preferential channeling of

the gas through a portion of the getter bed, from premature deactivation of some of the

getter, or from an increase in the alkali content of the coal. In view of the potential for

these alkali excursions and the stringent alkali limit set by the turbine manufacturer, alkali

levels should be continuously monitored. Even with the fastest possible turnaround, batch

sampling alone is not adequate to protect against excursions that last only several minutes.

Even if a batch sampling run coincided with a sudden increase in alkali level, the turbine

could be damaged before the analytical results were available. Continuous monitoring is

essential to ensure compliance with the turbine manufacturer's guidelines.

Based on the foregoing discussion, we believe that both batch sampling and monitoring of

alkali levels are needed at the Wilsonville facility. The remainder of this document

describes the available sampling and monitoring techniques, the objectives of the sampling



and monitoring activities, the potential sampling and monitoring locations, suggested

approaches, and estimated manpower requirements and costs.

Overview of Alkali Sampling Techniques

The techniques that are available for the batch sampling of alkali vapor are based on either

adsorption of the vapor on a sorbent or condensation of the vapor on inert beads. With

both of these techniques, heated filters precede the sorbent trap and condenser in the

sampling trains. Solid-phase alkali is determined by analyzing the particulate matter

collected on the heated filter. The pipe that connects the filter to the sorbent trap or

condenser is heated to prevent the loss of alkali vapor on the pipe wall. Vapor-phase alkali

is determined by extracting the adsorbed vapor from the sorbent and analyzing the extract

for sodium and potassium, or by rinsing the condensed alkali off the inert beads and

analyzing the rinse.

Argonne National Laboratory (ANL) has pioneered the development of batch alkali

sampling using sorbent traps. The work at ANL has shown that the loss of alkali vapor on

metal sampling lines is the major source of error in batch alkali measurements. A research

project that has just started at ANL will focus on identifying sampling line materials that

have reduced affinity for alkali vapor. Various alloys, refractory metals, and ceramics will

be tested for alkali uptake under PFBC conditions (Lee, 1992). To avoid the problem with

alkali loss on metal sampling lines, ANL has developed an alkali sorbent trap that mounts

directly into the tube sheet of the candle filter on their PFBC test unit as shown in Figure 1.

Lee and Carls (1989) compared the alkali measurements made with this configuration to

extractive measurements made at the same location through a heated, stainless steel

sampling line. The results suggested that roughly half of the alkali vapor was lost in the

sampling line, which was 3.6 ft in length.

For large-scale systems, it is obviously impractical to use an alkali sorbent trap that is

mounted directly into the filter tube sheet as done at ANL, since this approach would

require frequent shutdown of the tilter to retrieve the sorbent trap for analysis. However,

the work at ANL points out the need to minimize the length of metal sampling lines. In an

in situ sampling train, the sorbent trap could be mounted directly behind the particulate

sampler, and both the particulate sampler and the sorbent trap could be inserted into the

process ducting. This configuration would maintain ali of the metal surfaces at the process
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temperature, while minimizing the length of sampling line. In an extractive sampling train,

the sorbent trap could be mounted directly behind a heated filter that is located as close as

possible to the process ducting. In this configuration, the filter, sorbent trap, and

connecting pipe must be maintained at the process temperature by an external heat source.

Of course, the connecting pipe should be as short as possible.

As an alternative to the sorbent trap, a condenser can be used to collect the alkali vapor.

Westinghouse has developed a batch alkali sampling train that uses a condenser packed

with inert beads (Newby, 1992). In the Westinghouse condenser design, the incoming gas is

cooled by air that is circulated through a concentric tube assembly in the center of the

packed bed of inert beads, as shown in Figure 2. The beads, which may be either glass or

stainless steel, serve as sites for condensation of the alkali vapor. The used beads and their

container are rinsed with deionized water to recover the collected alkali. The rinse water is

then analyzed for sodium and potassium. The analysis can be done by AES or by specific-

ion electrodes. The choice of analytical procedure to be used at the Wilsonville facility will

depend upon the equipment that is available on site. The support laboratories at the

Wilsonville coal liquefaction facility contain ali of the equipment needed for A.ES, but this

equipment is on loan from Southern Company Service's central laboratory and may not be
available for use at the PSDF.

If the needed equipment is available for use at the PSDF, then the alkali analyses should be

done by AES. If the AES equipment is not available, then the alkali analyses should be

clone by specific-ion electrode, with frequent checks by AES. If the on-site procedures using

the specific-ion electrodes prove to be reliable, it may be possible to reduce or eventually

eliminate the checks by AES.

Overview of Alkali Monitoring Techniques

The concentration of alkali in a gas stream may be continuously monitored by introducing a

portion of the gas stream into a premixed propane-oxygen flame and measuring the

intensities of the characteristic atomic emission lines of the excited sodium and potassium

atoms, which emit at wavelengths of 589 nm and 766.5 nm, respectively. This is the basic

principle of operation that is employed in both the Ames alkali analyzer and the fiber optic

alkali monitor (FOAM). The FOAM is basically a subseqent implementation of the Ames

analyzer, in which the stepper motor-driven spectrometer and photomuttiplier detector are

: 5
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replaced by fiber optics, a narrow bandpass optical filter, and a photodiode detector. Both

the original Ames analyzer and the FOAM require a so-called "double" sampling

arrangement, as illustrated in Figure 3. This double sample arrangement is needed because

the alkali monitor burner module will accept only a small portion of the total gas flow

entering the sampling system. The sampling rate cannot be reduced to match the

requirements of the burner module because that would make it impossiible to maintain

isokinetic sampling through an appropriate sampling nozzle. The required nozzle diameter

would be so small that the nozzle would be easily plugged by particulate matter.

To maintain isokinetic sampling and provide the needed flow to the burner module, the

main sample stream is expanded, and a portion of the main sample stream is exhausted, as

shown in the schematic drawing. The gas flow needed for the burner module is withdrawn

flora _he expansion cnamber isokinetically via a secondary sampling orifice. The secondary

sampte stream must be withdrawn isokinetically, since the sample is split ahead of the filter

section. The filter is a porous metal thimble. The primary and secondary sampling rates

are determined using calibrated orifices. The entire system is heat traced and insulated to

maintain atr a,',mponents at the process temperature.

Ames Laboratory and ANL recently completed a comparison of alkali measurements made

with the Ames alkali analyzer and with the ANL sorbent trap described earlier (Haas, et al,

1990). The sorbent trap was mounted in the tube sheet of the ANL candle filter as

described earlier, and the Ames analyzer sampled from the head space above the sorbent

trap. Comparative measurements were made with the ANL PFBC burning Illinois No. 6

coals from three different mines: Old Ben, Burningstar, and Wabash. At the sampling

point, the gas temperature was 1560°F and the gas pressure was 135 psi. The results are
summarized below.

Measured Sodium Level, ppbw Measured Potassium Level, ppbw

Coal Mine Sorbent Trap Ames Analyzer Sorbent Trap Ames Analyzer
Old Ben 92 30 to 40 32 10 to 30

Burningstar 58 20 to 30 5 5 to 10

Wabash 66 30 to 60 11 15 to 40

These results suggest that the Ames analyzer tends to measure a lower level of alkali than

does the sor_nt trap method. Loss of alkali in the sampling line, which was about 3.3 ft
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long, is the most likely explanation. As in batch alkali sampling systems, the sampling lines

for alkali monitoring systems should be as short as possible.

ALKALI SAMPLING AT WILSONVILLE

In this section, we discuss the approach to batch alkali sampling that is currently envisioned

for use in the PSDF. We describe the recommended sampling locations, explain the

rationale for their selection, and discuss the objectives of the sampling at each location. We

have not yet selected the type of alkali vapor collector to be used, since we do not have the

information needed to compare the performance of the sorbent trap to that of the

condenser. To make this selection, it will be necessary to perform laboratory comparisons

of the two methods during the detailed design phase of the project. The laboratory

comparisons would be designed to assess the alkali capture efficiencies of the two methods

under identical operating conditions. The assessment would be based upon the injection of

a known amount of alkali at the probe inlet while high-temperature gas is drawn through

the probe. The sorbent extract and the condenser rinse would then be analyzed by the same

procedures. The amount of alkali recovered from the extract and from the rinse will then

be compared to the amount of alkali injected into the probe to determine the collection

efficiency of the two methods.

Similarly, it will be necessary to compare the two methods of analyzing the extract and

rinse: AlES and specific-ion electrode. This comparison will be based on analyses of

solutions containing known amounts of sodium and potassium. The sodium and potassium

concentrations measured by the two analytical procedures will be compared to the known

concentration determined by the solution formulation. Based on an assumed range of

alkali vapor concentrations, volume of extract or rinse, and volume of gas sampled, we will

estimate the range of sodium and potassium concentrations in the extract or rinse. This

range of concentrations will be duplicated in the solution formulations used to test the

analytical procedures. For example, if the sodium vapor concentration ranges from 20 ppb

to 20,000 ppb, the extract (or rinse) volume is 1 L, and the volume of gas sampled is 3400 L

(at standard conditions), then the sodium concentration in solution would range from about

70 to 70,000 _g/mL (70 to 70,000 ppmw). Even the lowest of these concentrations is well

above the sensitivity limits of both analytical methods. (The gas volume of 3400 L at

standard conditions is equivalent to sampling at a rate of 1 scfm for 2 hrs.)



The evaluations of the two alkali collection techniques and the two analytical methods will

be performed during the detail,.a design phase of the project. The manpower requirements

and costs of these evaluations are included in the estimates given later in this document.

Equipment costs will depend upon which collection technique and which analytical method

are ultimately selected. Estimated equipment costs for the various alternatives are
included later in this document.

Sampling Locations and Objectives

The recommended locations for alkali sampling are shown on the simplified process flow

diagram in Figure 4. We recommend that alkali sampling be performed in conjunction with

the particulate sampling that will be clone at the inlet and outlet of the PCDs. At these

sampling locations, the alkali sampling will be done using a sorbent trap, or condenser, that

is connected to the back end of the in situ particulate sampling probe. This configuration

will allow the alkali collector to be inserted into the process gas stream along with the

particulate collector. A sketch of this configuration is included in the document dealing

with particulate sampling. Alkali sampling at the PCD inlets is intended to quantify the

alkali levels generated by the carbonizer and the PFBC. Alkali sampling at the PCD outlet

will provide an indication of the amount of alkali that is lost on the ceramic filter elements

in the PCDs. 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).

Alkali should be sampled downstream from the getter beds to assess the performance of

the getter. The sample obtained at the PCD outlet will serve as an inlet sample for this

assessment of the getter. If the PCD is operating properly, the particulate loading at the

PCD outlet (getter inlet) should be very low (<__20 ppmw) and there should be no need for

particulate sampling at the getter outlet. Therefore, the sampling at the getter outlet will be

done with a probe designed specifically for alkali sampling alone (i.e., not in conjunction

with particulate sampling). The alkali sampling at the getter outlet will serve to monitor the

gradual depletion of the getter and the gradual breakthrough of alkali vapor. Because of

the turnaround time involved, this sampling will probably not detect a sudden breakthrough

of alkali until hours after the breakthrou_ first occurs. Therefore, we recommend

10



11



continuous monitoring of alkali to supplement the batch sampling at the getter outlet. The

continuous monitoring is discussed later in this document.

At the turbine inlet (outlet of the topping combustor), we recommend monitoring and

sampling of alkali in conjunction with particulate sampling. Monitoring is necessary

because even short-term excursions in alkali concentration can lead to turbine damage

(Davis, 1992). Batch sampling is needed to verify long-term compliance with the particulate

and alkali limits set by the turbine manufacturer.

Sampling Alkali Alone

At the locations where only alkali will be sampled (i.e., no particulate sampling will be

done), we will use a sampling probe desig, led specifically for alkali sampling. The design of

the probe will probably be similar to that of the Westinghouse probe discussed earlier,

except that the condenser may be replaced with a sorbent trap. The g.nal design will depend

upon the outcome of the laboratory evaluations of the sorbent trap and the conclenser. The

cost of the alkali sampling probe has been estimated based on information supplied by

Westinghouse. To allow simultaneous evaluation of both getters or simultaneous sampling

upstream and downstream of the turbine, it will be necessary to have two of these probes.

Therefore, the cost estimate assumes that two probes will be procured.

The sampling runs that are done exclusively for alkali measurement (i.e., not in conjunction

with particulate measurement) will be primarily intended to evaluate the performance of

the alkali getter beds. If the getter beds are performing properly (i.e., there are no

channeling problems), one alkali measurement per week may be adequate to characterize

getter performance and detect any gradual deterioration of the getter. As the getter is

exhausted and outlet alkali levels begin to increase, it will probably be necessary to measure

alkali levels more frequently. Westinghouse has indicated that the getter beds will be

designed for a getter life of about six months (Newby, 1992). Since there is some

uncertainty in the predicted getter life, it is reasonable to assume that the alkali levels are

measured infrequently for the first five months of getter use, and then more frequently

during the last month of getter use. To estimate manpower requirements, we have assumed

that weekly alkali measurements are made during the first five months of getter use and

that daily measurements are made during the last month of getter use. This corresponds to

12



a total of 52 measurements over a period of six months or 208 measurements over the

entire test program (mid-1994 to mid-1996).

Each alkali measurement will require about 30 minutes for probe insertion, one hour for

probe heat up, two hours for the sampling run, 30 minutes for probe removal, 30 minutes

for probe cool down, two hours for extraction (or rinsing) and analysis, and 30 minutes for

data reduction and recording. Thus, the total time required for each measurement is about

seven hours, resulting in a requirement of 1456 manhours for the 208 measurements. To

allow time to become familiarized with the sampling and analytical techniques and to allow

for some duplicate runs, the manhour requirement should probably be increased to about

1600 manhours.

Sampling Alkali in Conjunction with Particulate Matter

At locations where both alkali and particulate measurements are needed, we will use a

sorbent trap or condenser that is incorporated into the particulate sampling probe. The

backup filter on the cascade impactor or cascade cyclone assembly will serve as the

particulate filter for the alkali collector. Both the particulate sampler and the alkali

collector will be inserted into the process gas stream and allowed to reach process

temperature before sampling is begun. The alkali collector will be an integral part of the

particulate sampling probe, and it will have no effect on the probe operation. Therefore,

the manpower required to operate the probe should be the same as that required to operate

a probe that samples only particulate matter. The manpower required for the probe

operation is described in a separate document dealing with particulate sampling and is

included in the manpower requirements for particulate sampling. Therefore, these

manpower requirements are not included in the estimates for alkali sampling. The

manhours that need to be included here are only those required for extraction (or rinsing)

of the alkali collector, analysis of the extract (or rinse), .nal data reduction and recording.

As stated earlier, these activitie._should require about 2.5 hours per run.

L_ During periods of detailed PCD evaluation, we plan to perform one particulate sampling

run per shift (three runs per day). Each detailed PCD evaluation will involve at least 1000

hrs of PCD operation, and four such evatuations may be performed over the course of the

project. Based on these assumptions, a total of 504 particulate sampling runs would be

performed over the entire test program (mid-1994 to mid-1996). Because a trained analyst=
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will be available only on the day shift, only one of the three daily particulate sampling runs

will include alkali measurement. Therefore, we estimate that there will be 168 alkali

analyses (one third of the 504 particulate samples) associated with the combined alkali and

particulate sampling. At 2.5 hours per sample, these analyses should require about 420

manhours. These manhours are in addition to those required tor the getter evaluations
discussed earlier.

ALKALI MONITORING AT WILSONVILLE

As mentioned earlier, batch alkali sampling cannot provide the quick turnaround of results

needed to protect the turbine against damage by alkali attack. Since alkali excursions of

several minutes may cause turbine damage, we require continuous monitoring of the

concentration of alkali entering the turbine. The monitoring may be done using the Ames

alkali analyzer or the FOAM. Both of these instruments were described earlier. One

criticism of these instruments is that they tend to measure low levels of alkali, primarily as a

result of the loss of alkali on metal sampling lines. Typically, the concentrations measured

by the Ames analyzer and the FOAM are lower by a factor of two or three than those

measured using sorbent traps. While this discrepancy shows that there is a problem with

accuracy, it does not suggest that the Ames analyzer or the FOAM is useless as a monitor.

Extensive testing at Ames Laboratory has shown that these instruments are responsive to

changes in the alkali levels in process gas streams (Eckels, 1992). Therefore, it is our

opinion that alkali monitoring using the Ames analyzer or the FOAM, should be included in

the plans for the PSDF.

Through discussions with Ames Laboratory and with the Department of Energy (DOE), we

have identified two potential approaches to alkali monitoring at the PSDF. We could

procure the instruments and allow our on-site staff to operate and maintain them (after

appropriate training by personnel from Ames Laboratory), or we could allow Ames

Laboratory to periodically travel to the site, set up the equipment, and perform alkali

monitoring on a periodic basis. The latter approach has been used on several other DOE-

sponsored projects involving pilot-scale gasifiers and combustors. It is our understanding

that the cost of the periodic trips by Ames Laboratory would be covered under a separate

agreement between Ames and DOE. It should also be noted that the alkali monitors are

quite expensive (about $250,000 each). Therefore, it is obvious that the latter option,
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involving the periodic monitoring trips by Ames Laboratory., would be far less expensive to

the project. However, this option would not provide continuous protection of the turbine.

If an alkali excursion causes damage that requires the complete replacement of the turbine

blades, the cost would easily exceed the cost of an alkali monitor. Therefore, it may be

short-sighted to rule out the purchase of a monitor on the basis of cost alone.

In selecting an approach to alkali monitoring, we believe that these factors should be

considered:

• The carbonizer will generate alkali levels that are several orders of magnitude greater

than the turbine specification.

• There is a possibility, of channeling of gas through the getter bed, resulting in

breakthrough of alkali to the turbine.

• The turbine supplier for the project, and several other turbine suppliers, have

confirmed that the turbine's tolerance for alkali is quite low.

• The cost of the turbine is roughly 17 times the cost of an alkali monitor; the cost of

complete blade replacement probably exceeds the cost of an alkali monitor.

• Commercial integrated gasification combined cycle (IGCC) and PFBC plants will

probably require alkali monitoring, so there is a need to demonstrate that long-term

monitoring is feasible.

• The cost of an alkali monitor is about 0.2% of the cost of the entire PSDF project.

In view of these facts, we recommend that at least one alkali monitor be included in the

plans for the PSDF.

Monitoring Locations and Objectives

Potential alkali monitoring locations were shown on the simplified process flow diagram

given earlier. The turbine inlet is the primary location. A dedicated monitor should be

provided for that location to ensure continuous protection of the turbine. As indicated on
_
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the process flow diagram, some monitoring should also be clone at the outlets of the getter

beds to monitor getter deterioration with time and rapidly detect any alkali breakthrough.

Potential Approaches to Alkali Monitoring

To avoid purchasing more than one alkali monitor, the alkali monitoring that is clone on the

getter beds should be provided by Ames Laboratory through the direct arrangement with

DOE mentioned earlier. This monitoring would be required only during the last month of

getter life, when the getter is deteriorating and alkali breakthrough is most likely. Based on

a getter life of six months, this approach would require the Ames personnel to be on site

four times, for a month each time. At the beginning of the test program, one additional visit

would be required to allow the Ames personnel to train the on-site staff in the operation

and maintenance of the on-site monitor. Ames Laboratory has indicated that the costs of

their trips and their monitoring would be covered under a separate arrangement between

Ames and DOE. The only requirement for manpower to be provided by SRI would be for

two technicians to be on site for the training by the Ames personnel. We estimate that the

training would take about two weeks, corresponding to a requirement of 160 manhours for

the two technicians.

Since even short-term alkali excursions may damage the turbine, interruptions of the

monitoring at this location must be kept to an absolute minimum. This requirement for

uninterrupted service leads us to the conclusion that on-site personnel must be responsible

for the regular operation, maintenance, and calibration of the alkali monitor at the turbine

inlet. To maximize the accuracy of the monitoring, a single point calibration check should

be clone daily, and a thorough instrument checkout and calibration should be done during

each system shutdown or outage. We estimate that it takes about 30 minutes to perform a

single-point calibration check, and it takes about four hours for a thorough instrument

checkout and calibration. Assuming that a system shutdown or outage occurs every two

months, the total time required for spot checks and detailed instrument checks would be
413 manhours.
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Recommendations

Based on the foregoing discussion, we recommend the purchase of one alkali monitor to be

installed at the turbine inlet. We further recommend that two technicians be trained in the

operation and maintenance of the monitor, and that one technician be given responsibility

for maintaining proper operation of the monitor throughout the project. To avoid the

purchase of an additional monitor, we recommend that the monitoring at the outlets of the

getter beds be done by Ames Laboratory. Our understanding is that this monitoring can be

funded under a separate agreement between Ames and DOE.

REQUIRED MANPOWER AND ESTIMATED COSTS

This section details the manhours and costs associated with the alkali sampling and

monitoring described above. The manhours and costs associated with the evaluations of

the alkali collection methods and the analytical methods will be incurred during the

detailed design phase of the project (Phase II). The manhours and costs associated with

procurement and installation of the alkali sampling probes and installation of the alkali

monitor and training in its use will be incurred during the installation phase (Phase III).

The manhours and costs associated with the alkali sampling and monitoring will be incurred

during the operations and testing phase (Phase IV). So that the cost breakdown will

correspond to the existing project structure, the manhours and costs are broken down by

phase. These manhours and costs could be placed in new subtasks that are set aside

specifically for alkali sampling and monitoring, or they could be added to the manhours and

budgets for the existing sampling and monitoring subtasks.

Detailed Design (Phase II), June 1992 to December 1993

During the detailed design phase, it will be necessary to select the method of alkali

collection to be used (sorbent trap or condenser) and to select the analytical procedure to

be used (AES or specific-ion electrode). As discussed previously, laboratory evaluations of

the two alkali collection methods and the two analytical procedures will be required to

make an intelligent selection. To minimize the equipment costs associated with this effort,
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we will attempt to borrow a sorbent trap from ANL and a sampling probe with built-in

condenser from Westinghouse. It will still be necessary to fabricate a makeshift probe to be

used with the sorbent trap for this testing. We estimate that 80 manhours of machine shop

labor will be required for the probe fabrication. For the evaluation of the alkali collection

methods, we estimate a labor requirement of 160 manhours provided by technicians and

chemists. For the evaluation of the analytical methods, we estimate a labor requirement of

80 manhours provided by chemists.

During the detailed design phase, SRI will need to coordinate with SCS on the design of the

ports and accesses for the alkali sampling probes and monitors. We have allowed 80

manhours of senior engineering time for this coordination. Another 80 manhours of senior

engineering time should be set aside to cover the additional reporting and management

associated with the new laboratory evaluations and the design coordination described

above. A summary of the manhour requirements for the detailed design phase is given
below.

Manhours by Labor Classification

Description of Work To Be Done Engineer Chemist Technician Sh_h2_

Fabricate probe 80

Evaluate alkali collection methods 80 80

Evaluate analytical procedures 80

Port and access design coordination 80

Management and reporting 80

The cost of the above work, including a nominal allowance of $2500 for materials and

supplies, is estimated to be about $38,100.

Installation (Phase III), January 1993 to June 1994

During the installation phase, SRI will procure and install two batch alkali sampling probes

and an alkali monitor. The final design of the alkali sampling probes will depend upon the

outcome of the comparative evaluations of the sorbent trap and condenser, which were

discussed earlier. Although the choice of alkali collector will have some effect on the cost

of the probe, this effect should be rather small. Therefore, for cost estimating, we have

used the cost that Westinghouse reported for the production of their condenser-type probes
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(about $50,000 per probe). For two probes, the cost would be about $100,000. For

installation and initial checkout of the probes, we have assumed that two technicians would

be on site for three days, resulting in a labor requirement of 48 manhours.

Based on information supplied by Ames Laboratory, the cost of an alkali monitor would be

about $250,000. The installation of the monitor and the training of our on-site staff in its

use would 'bedone by Ames personnel at no cost to the project, since this would be funded

under a separate agreement between Ames and DOE. However, two SRI technicians must

be on site for two weeks to receive the training, resulting in a labor requirement of 160

manhours. For additional reporting and management work related to the procurement and

installation of the probe and monitor, and supervision of the training, we have allocated 80

manhours of senior engineering time. A breakdown of the manhours for the installation

phase (Phase III)is given below.

Manhours by Labor Classification

Description of Work To Be Done EnNneer Chemist Technician

Select and procure probes 80

Install and check out probes 48

Procure monitor 40

Receive training on monitor 160

Management and reporting 80

The cost of the above work, exclusive of equipment costs, is estimated to be $33,000. This

cost is small in comparison to the cost of the probes ($100,000) and the monitor ($250,000).

The total cost of all alkali-related work and equipment purchases during this phase of the

project is estimated to be $498,600.

Operations and Testing (Phase IV), June 1994 to June 1996

During the operations and testing phase, SRI will provide all batch alkali measurements as

described previously. Based on weekly measurements during the first five months of getter

life and daily measurements during the last month of getter life, we estimate that the

sampling downstream from the getter beds will require a total of 1600 manhours, as

detailed previously. This includes ali of the time required for probe preparation and

operation and sample recovery and analysis as previously described. For the additional
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alkali analyses that are required for the combined alkali/particulate sampling runs. a total

of 420 manhours is estimated, as detailed previously. We estimate that 400 manhours of

senior engineering time will be required to analyze the data and provide the additional

project management and reporting associated with the alkali sampling.

As detailed previously, we estimate that 413 manhours will be required for spot checks and

detailed checks of the alkali monitor to be performed by on-site SRI technicians. To

analyze, interpret, and report the monitoring data, we have allocated 200 manhours of

senior engineering time. A breakdown of manhours required for ali alkali sampling and

monitoring during the operations and testing phase is given below.

Manhours by Labor Classification

Description of Work To Be Done Engineer Chemist Technician

Batch sampling & analysis of alkali alone 1600

Alkali analysis for combined runs 420

Spot and detailed checks on monitor 413

Monitoring data analysis & interpretation 200

Management and reporting 400

The cost of the above work, including a nominal allocation of $20,000 for materials and

supplies, is estimated to be $237,450.
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Appendix F

PCDVendor Information and Requested Information



SOUTHERN COMPANY SERVICES, INC.
SOUTHERN RESEARCH INSTITUTE

Wilsonville Power Systems Development Facility

Particulate Control Devices

Information Needed for Extended Conceptual Design

1. Technical Feasibility

• Can the particulate control device (PCD) be designed so that it can be
used with either the Kellogg transport reactor or the Foster Wheeler
carbonizer? (The transport reactor generates 1000 acfm of flue gas or fuel
gas at 1800°F and 300 psia. The carbonizer generates 1100 - 1900 acfm of
fuel gas at 1800°F and 158 psia.)

• Is it just a matter of adding more candles to increase the capacity from
1000 acfm to 1900 acfm? How difficult is it to plug and unplug some of
the candles to allow testing at the same face velocity with either gas flow
rate?

• Is a cyclone required for good PCD performance? (The transport reactor
requires one or two cyclones for recycle, but the carbonizer may not
require a cyclone.) Should the cyclone be spoiled to reduce its collection
efficiency or increase the size of the particles entering the PCD? (PCD
vendor should include a cyclone with the carbonizer PCD, if needed.)

• What are physical dimensions and weight of the PCD that can be used with
eitherthe transport reactor or the carbonizer? (Diameter and height of
pressure vessel, overall height and working diameter, total weight, hopper
capacity, supports)

What are physical dimensions and weight of the PCD for the PFBC? (The
PFBC will generate 7000 - 8000 acfm of flue gas at 1600°F and 138 psia.)

How is the pressure drop projected to increase over time?

• What is the projected service life of the PCD?

• What is the projected heat loss (temperature drop)?

. How reliable are the seals between the candles and the tube sheet? What

pressure differential would be required to unseat the seal?



Wilsonville Power Systems Development Facility

Particulate Control Devices

Information Needed for Extended Conceptual Design (continued)

2. Cost Information

• Transport reactor/carbonizer PCD: capable of handling up to 1100 - 1900
acfm of fuel gas at 1800°F and 158 psia AND 1000 acfm of fuel gas or flue
gas at 1800°F and 300 psia

• PFBC PCD: capable of handling 7000 - 8000 acfm of flue gas at 1600°F
and 138 psia

• PCD vendor should also quote on a cyclone if needed for good PCD
performance.

• PCD vendor should indicate the level of proposed cost sharing.

3. Utility Information

• Transport reactor/carbonizer PCD:

Pulse gas (type, pressure, temperature, flow rate)
Cooling requirements
Electrical requirements
Instrumentation and data acquisition requirements

PFBC PCD:

Pulse gas (type, pressure, temperature, flow rate)
Cooling requirements
Electrical requirements
Instrumentation and data acquisition requirements
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April 2, 1992 GBN JPGI
i

Mr.RodneyE.Scars WEF

ProjectManager 7252 FILEI
SouthernCompany Services
P. O. Box 2625

Birmingham, Alabama 35202

DearRod:

I thought our recent visits to Industrial Filter and Pump (IF&P), Babcock and Wilcox
(B&W), and Westinghouse were definitely worthwhile. The visits allowed us to more
thoroughly explain the change in scope of the hot gas cleanup project. They also allowed us
to gain a better understanding of the various paniculate control devices (PCDs) being
developed and to discuss certain critical issues related to PCD design, operation, and
reliability.

I was encouraged by the vendors' responses to our questions concerning the PCDs for the
carbonizer and transport reactor. Ali of the vendors agreed that it was feasible to design a
PC]:) that would be interchangeable between the carbonizer and the transport reactor.
They also agreed that it was a relatively simple matter to blank off filter elements, so that
tests could be run at the same face velocity with different gas flow rates. Tom Lippert
suggested the possibility of designing a PCD vessel that would accept the different types of
filter elements and internals offered by the various vendors. Such a design could probably
accomodate any of the candle-type elements offered by IF&P, Westinghouse, or Calvert, as
well as the cross-flow elements offered by Westinghouse. The Asahi/Babcock tube-type
elements would require a fundamentally different vessel design to accomodate the different
internal arrangement of tubes, tube sheets, and blowbaek piping. Of course, the granular
bed filters would also require a fundamentally different vessel design.

Ali of the vendors were interested in continued development and testing of advanced
materials of construction. There seemed to be general agreement that the silicon carbide
candles with clay binders were too susceptible to thermal shock. However, there was not a
concensus on the best materials of construction for the filter elements and tube sheets. The

soft ceramics being developed by IF&P appeared to offer some advantages over the
conventional hard ceramic materials (mullite, cordierite, or silicon carbide). The

#C Bcx 552C5•Birm,,-?,r-am,z;acama35255-5305•_205)58!-200C•FA)" Z,."5/581-27.26
, ,,,R A ,'e :" ,"....... 5,..Cs



Southern Research Institute

Mr.RodneyE.Sears,SouthernCompanyServices
WUsonvilleExpansion/PCDSelection
4/2/92
Page2

advantagesclaimedby IF&P included: lower density,better tolerance of thermal shocks,
and lowercost. Westinghouseappears to have settled on mullite as the material of choice
for both their candles and their cross-flowfilter elements. Tom Lippert said that their
testing has not shownanysignificantdifferencesbetween mullite and cordierite. (I thc,ught
I remembered Ceramem claiming that cordierite was superior because of its 'ower
coefficientof thermal expansion.) Tom also indicatedthat Westinghousewasworkingwith
3-M and DuPont on developing other advancedmaterials byvapor deposition of silica into
Nextel fibersor sinteredfibers.

None of the vendors refused to supply a cyclonewith their PCD systems,although it was
apparent that none of the vendors had a good handle on the desired cycloneperformance.
In general,some reduction of the inlet dust loadingwas said to be desirable to reduce the
frequency of pulse cleaning cycles. However,it was also recognized that a high-efficiency
cyclone may have an adverse effect on the PCD by allowingonly the very fine particles to
enter the PCD. Avery fine size distributioncould result in excessivepluggingof the pores
in the ceramicfilter elements. From the discussions, I inferred that the ability to vary
cyclonecollectionefficiency,or even bypassthe cyclonealtogether, maybe desirable.

Our discussionswith Paul Eggerstedt and Tom Lippert revealed what I thought was a
significant differenceof opinion concerningpulse cleaning of the filter elements. Paul
expressed a perference for a relatively long pulse (_, 1 sec, compared to = 0.2 sec used by
Schumacher) that was relatively low in pressure (100 to 200 psi over line pressure,
comparedto _ 300 psiover line pressureusedby Schumacher).He said that this long, low-
pressurepulse was better than a short, high-pressurepulse, because the shorter pulses did
not allow enough time for the ash to clear the filter element, so that the ash that was
cleaned fromthe top of a candle was redepositedon the bottom of the candle. Tom Lippert
seemed to disagreewith this argument, pointingout that the longer pulses must be heated
to avoid thermal shock of the ceramic elements. He also noted that the cleaning pulses
used in the Tiddcandle filterare typicallyat 600 to 700psi, and the pulse cleaning system is
designed to goas highas 1500psi. Paul Weitzel indicated that B&Wplanned to use a pulse
pressure of 550to 600 psiwith the Asahi/Babcocktube filter.



Southern Research Institute

Mr.RocIneyE.Sears,SouthernCompanyServices
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Page3

There were also different points of view concerning the need for a membrane coating on
the filter elements. Paul Eggerstedt noted that layered candles condition faster. He
showed us graphs of pressure drop versus time that confirmed that the layered candles had
lower pressure drops than the monolithic candles. Paul Weitzel implied that Asahi had
shown that the submicron ceramic membrane coating that they use on their filter tubes
greatly reduced or eliminated the conditioning period. Tom Lippert implied that a
membrane coating was an unnecessary expense. He suggested that an uncoated candle
would become conditioned with ash, and the conditioned layer would act as a membrane.

Other issues that were discussed during our visits included: the need to address scale-up
issues (e.g., the number of elements that can be cleaned with a single pulse); the need to
address interfaces between the PCDs and other systems so as to minimize "finger-pointing; _
the need for baffles in the PCD vessel to improve flow distribution; the need for _post-
mortem _analysis of filter elements to assess structural changes and failure modes; the need
to minimize the temperature drop across the PCD; the possibility of sorbent injection
ahead of the PCDs to adsorb alkali vapor; and the possibility of using the Tidd candle filter
on the pressurized fluidized-bed combustor (PFBC) at Wilsonville. Tom Lippert said that
the Tidd candle filter would be available by the first quarter of 1994, and it would be the
right size for the Foster Wheeler PFBC. The Tidd filter vessel contains 400 candles.
Modeling done by Westinghouse suggested that the complete breakage of two of the Tidd
candles would result in particulate emissions that exceeded New Source Performance
Standards. We agreed that Southern Company should talk to DOE about the possibility of
using the Tidd filter on the PFBC at Wilsonville.

The vendors requested information on the dust Ioadings and particle sizes emitted by the
Foster Wheeler carbonizer and PFBC. We informed the vendors that Foster Wheeler had

no information on dust loadings or particles sizes, because they have not yet made any such
measurements in their pilot plant. We told the vendors to base their budgetary cost
estimates on reasonable assumptions concerning the dust loadings and the particle sizes.
We noted that the data on dust loadings and particle sizes would be included in the formal
request for proposals (RFP) to be issued this summer. None of the vendors objected to that
approach.
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I believe I have covered ali of the significant issues that we addressed with the PCD
vendors. I hope these observations prove helpful.

Thank you for the opportunity to accompany you on the vendor visits, and I look forward to
our discussions with Calvert and Combustion Power.

Sincerely,

Robert S. Dahlin, Ph.D., P.E.

Manager, Advanced Particulate Control Program

Project7252
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Poem- System DeveLopment FaciLity Southern Coqxlny Services, Inc.
Design Basis REV A

Reactor ID = I0"
Reactorexit temperature= 1800°F
Reactorpressure- 325 PSIA

Reactor PCD
Coal Flow Gas Flow Gas Velocit.y Inlet P
(#/HR} (Moles/HR} (FPS) (PSIA}

GASIFICATION

PCD T.

IO00°F 3876 742 28.2 194

1800°F 3876 742 28.2 300

COMBUSTION

PCD T

IO00°F 2920 1149 43.7 300

1800°F 1886 742 28.2 300

NOTE: FLOWS ARE APPROXIMATE,BASED ON REACTOR SIMULATION
CALCULATIONSAS OF 8/7/91

Gas Stream Composition:
Gasification Combustion

Component,vol.%
H2 12.75 0.00
CO 16.77 0.07
C02 8.89 15.99
CH4 0.48 0.00
02 0.00 1.95
N2 51.30 74.88
C2-compounds 0.00 0.00
C3-compounds 0.00 0.00
C4-compounds 0.03 0.00
H20 9.74 6.95
S02 O.O0 33 ppm

H2S 0.02 0.00
COS 0.00 0.00
NOx 0.00 0.16
NH3 0.01 0.00
HCN 0.02 0.00
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Pow_ Systel Devetopment FaciLity Southern C_mpeny Services, Inc.

Design Basis REV A

ParticulateLoadings,ppm by wt.
Minimum
Maximum

4. Steam to Gas Generator:

Pressure = 400 psig
Temperature= (saturated)

5. Air to Gas Generator:

Ambient Air Properties(DesignValues)
Summer Winter

Temperature 95°F IO°F
Elev. (ft. msl) 475
RelativeHumidity 48%
Humidity Ratio (Ib/Ib) 0.017
Mol. Wt. (wet) 28.80
Mol. Wt. (dry) 28.98

Feed Properties
Pressure =
Temperature=
Moisture Content -

6. Transport Gas to Gas Generator=

Pressure = 350 psig
Temperature= Maximum (CompressorDischargew/ No Aftercooler)
Moisture Content = 5.61 vol %
Dew Point = 230°F

7. Cyclones.

o Number of Cyclones
Two low-efficiencycyclones
One high-efficiencycyclone

o Ash Removal

8. Gas GeneratorStartup:

The gas generatorwill utilizea startup burner to heat the reactorto
certain temperatureprior to feedingcoal. The fuel for the startupburner
will be natural gas or LPG. Approximateduty: Ixi06BTU/HR

9. Flare:

200A-3



Power Systemm Devetolpment FacitiW Southern Company Services, Inc.
Design Basis REV A

A flare will be requiredfor startupof the system and during process
upset. The fuel for the flare will be LPG or naturalgas. Investigatethe
feasibilityof sizingthe flare for use by AREA 200A and 20OB.

10. High Temperature Gas Cooler:

o Cool ing Duty
Highest inlet temperature = 1900°F
Lowest inlet temperature = IO00°F

Highest outlet temperature = 1800°F
Lowest outlet temperature = IO00°F

o Special Requirements

Need to be able to control for any temperature spikes in the gas
particularly during combustion. May need to partially quench the gas to
protect the particulate control devices from temperature surges. Evaluate
N2 and steam.

11. Control and Data Acquisition Requirements: All control will be by the
DCS. All monitored points will be recorded by the DAS.

12. Utilities:

o Electrical

o Nitrogen (purge)
o LPG or naturalgas fuel for gas generatorstartup burner and flare

(Ixi06BTU/HR requiredfor startup)
o Plant air and controlair
o Service water for equipmentcooling
o Fire protection

13. Electrical:

Voltages: 4160/3/60
480/3/60
240/I/60
120/I/60

Motor Loads:
DESCRIPTION HP
Air Compressor 3000
BoosterCompressor 15
Coal Feeder I
LimestoneFeeder I/2
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Power SystemsDeveLopmentFaciLity Southern Coml_r_ Services, Inc.
Design Basis REVA

14. Comments:

o Pressurerelief at gas generatoroutlet.

o Dry solids feed vs slurry solid feed needs to be addressed.

o Cyclonesneed to be connectedin a varietyof configurationsto
producea wide range of particulateloadings.

o Method of ash draw down from gas generatorneeds to be
addressed.

o Design and operationof the flare system.

15. Conceptual Design Requirements:

o Description of process
o Process flow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation
o Estimatedcost
o Deliverydates

200A-5



Po_er System Devetolmmt Facility Southern CompanyServices, Inc.
Design B4mis REVA

AREA 200B ADVANCED PFBC

1. Oescription: The process system necessaryfor producingthe hot gas
streamsto 40OB. This includesthe carbonizer,CPFBC, char transfer
system,fluid bed heat exchanger,coal and limestonelock hopper system
or slurry feed system for the coal, start-upburners,cyclones,piping,
supports,controls,electricalpower equipment,raceways,and
grounding. All lined pipe up stream of the toppingcombustor. Also,
includedin this area is all equipmentrequiredto cool, depressurize
and transportthe ash from Area 200B and 300B to the designated
interfacepoint with AREA 80OB. Equipmentlayout drawings.

2. Area InterfacePoints:

o Coal and limestone(AREA 100) to feed lock hopper or surge bin.
o High pressurehot gas to PCD (AREA30OB)
o Ash from Area 300B
o Air from Area 400B
o Ash to Area 800B

o Utilities (AREA2000)
o Instrumentationand Data Acquisition(AREA 1000)
o Electrical(AREA3000)

3. Design Interface:

Lead: FW

Interface: FW will design the completegas generatorprocess and will
provide all layout and detail drawings regardlessof system within the
physical boundaryof the process structure. Piping interfacesfor coal,
limestone,ash and utilitieswill be identifiedon drawings at structure
boundaries.Electricalinterfaceswill also be identifiedat structure
boundaries.

SCS is responsiblefor design of structureand foundationsbased on FW
layouts. Controland data acquisition(AREA 1000) is the responsibilityof
SCS, but requiredequipmentand instrumentationwithin the structure
boundariesis the responsibilityof FW.

2006-1



Power System DeveLopment Facitity Southern Campeny Services, lhC.
Design Basis REV A

4. Gas GeneratorOutput:

BASIS" SupplyGas to fully load Allison 501 Gas Turbine

Gas Stream Composition.
Source Carbonizer PFBC

Component,vol.%
H2
CO
C02
CH4
02
N2

C2-compounds
C3-compounds
C4-compounds
H20
S02

H2S
COS
NOx
NH3
HCN

ParticulateLoadings,ppm by wt.
Minimum Maximum

To Cyclones:
Carbonizer
CPFBC

To PCDs
Carbonizer
CPFBC

To ToppingCombustor

5. Ash Production:

o Operating basis:maximumcontinuous ash productionrate and
conditions;

ProductionRate Density Temperature

1,766 Ib/hr 300oF

200B-2



Power Systems Devetofaent FaciLity Southel_ Coaq3mN Services, Inc.
Design Basis REV A

5. Air from Area 400B

Pressure =
Temperature=

7. Gas GeneratorStartup:

8. Flare: See Gas Generatorsectionfor gas compositionto the flare.
The gas to the flare would be from the carbonizer.

.:,:..:,:.:.:.,:..... :...:::....;::......,...,:.:..:.:..:::;...;.:.:...:.:.:.:.:,:.:....:..:..,.:....:.:.:,,...:.:.:.:.:.:.

9. Controland Data AcquisitionRequirements:All controlwill be by the
DCS. All monitoredpointswill be recorded by the DAS.

10. Utilitles:
o Electrical

o Nitrogen (purge)
o Natural Gas or LPG fuel for gas generator startupburner and flare

(IxI06BTU/HR requiredfor startup)
o Plant air and control air

o Servicewater for equipmentcooling
o Fire protection

11. Electrical:

Voltages" 4160/3/60
480/3/60
240/I/60
120/I/60

Motor Loads"

DESCRIPTION HP

12. Comments:

o Design and operation of the flare system.

13. Conceptual Design Requirements:

o Description of process
o Process flow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation

200B-3



Power SystemsDevetofment FaciLity Southern Coapeny Services, Inc.
Design Basis REVA

o Estimatedcost
o Deliverydates

200B-4



Power System Oevelol_ent Facility Southern CompanyServices, lhc.
Design Basis REVA

AREA300A PARTICULATECONTROLDEVICESFORTRANSPORT

I. Description: This area includesthe particulatecontrol devices (PCD)
to be tested with the TransportReactor. the feasibilityto change
PCDs betweenAREA 300A and 300B shouldbe evaluated. The PCDs will be
procuredand installedas a completesystem.

2. Interface Points:
o Gas stream from Gas Generator (AREA 20OA)
o Gas streamto Gas Cooling & Treatment(AREA 40OA)
o PCD Pressurevessel bottom flange to Ash Handling (AREA 50OA)
o Blowbackgas from Area 400A to PCD
o Coolingwater/steamfrom Area 40OA.
o Instrumentationand Data Acquisition(AREA 1000)
o Utilities(AREA2000)
o Electrical(AREA 3000)

3. Design Interface:

Lead: SCS (R&EA)
Interface: Procurementand/or contractualagreementswith PCD vendors is
the responsibilityof SCS Research and EnvironmentalAffairs (R&EA).Vendor
documentationis receivedby SCS Engineeringand transmittedto MWK and
other team members in accordancewith establishedcorrespondence
procedures.

Detail and layoutdrawings requiredfor the installationof the PCD devices
will be the responsibilityof MWK. Piping,electrical,and I&C interfaces
will be identifiedat structureboundaries.Structuralsupportdetail
drawings are the responsibilityof SCS based on layoutsprovided by MWK.

4. P"O Characteristics:

See attachedsummary.

5. Controland Data AcquisitionRequirements:
o Inlet and outlet temperatureto data acquisitionsystem (DAS).
o Inlet and outlet pressure to (DAS).
o Controlwill be by DistributedControlSystem (DCS).

6. Utilities:

Electrical

- Nitrogenfor blowback gas and purging
- Air for blow back gas
- Servicewater
- Fire protection
- Plant air
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Pouer System Devetopient FaciLity Southern Ceq)eny Services, Inc.
Design Basis REVA

7. Electrical:

Voltages: 480/3/60
240/I/60
120/I/60

Loads:

8. Comments:

o Need to providecontinuousash draw down from bottom of PCD.
o Need to provideseparatearea for working on PCD internals

outsideof the pressurevessel.
o Need to provideliftingmechanismfor maintenanceof PCD or

access by crane.

g. Conceptual Design Requirements:

o Description of process
o Process flow diagrams
o Size equipment
o List of equipment/materials
o Preliminary P&IDs
o List of instrumentation
o Estimated cost
o Deliverydates
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AREA300B PARTICULATECONTROLDEVICESFORADVANCEDPFBC

1. Description: This area includes the particulate control devices (PCD)
to be tested with the advancedPFBC. Separate PCDs will be used for
the carbonizerand the combustor. The feasibilityt_ change PCDs
betweenAREA 300A and 300B shouldbe evaluated. The PCDs will be
procured and installedas a completesystem. Unlike Area 30OA, the
cyclonesmay be procuredas part of the PCD package. However, FW will
estimate the cyclonecost for the conceptualdesign.

2. Interface Points:

o Gas stream from Gas Generators(AREA 20OB)
o Gas stream to Turbine (AREA 40OB)
o Ash to AREA 200B
o Instrumentationand Data Acquisition(AREA 1000)
o Utilities (AREA 2000)

...............
_:.:.........ET_._._:_.:E:_i.:.:.:...:(:AR_K._._:_._.d..................._............:::...............:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::....._..........:,::_,:.:::::_......:::::_...,_.....

3. Destvn Interface:

Lead: SCS (R&EA)
Interface: Procurement an_/or contractual agreements with PCDvendors is
the responsibility of SCSResearch and Environmental Affairs (R&EA). Vendor
documentation is received by SCSEngineering and transmitted to other team
membersin accordance with _,stablished correspondence procedures.

Detail and layout drawings required for the installation of the PCDdevices
will be the responsibility of FW. Piping, electrical, and I&C interfaces
will be identified at structure boundaries. Structural support detail
drawings are the responsibility of SCSbased on layouts provided by FW.

4. PCDCharacteristics:

See attached summary.

5. Control and Data Acquisition Requirements:

o Inlet and outlet temperature to data acquisition system (DAS).
o InleL and outlet pressure to (DAS).
o Control will be by Distributed Control System (DCS).
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6. Utilities:

Electrical

Nitrogenfor blowbackgas and p.rging
Air for blow back gas
Servicewater
Fire protection
Plant air

7. Electrical:

Voltages: 480/3/60
240/i/60
120/I/60

Loads:

8. Comments:

o Need to provide continuous ash draw down from bottom of PCD.
o Need to provide separatearea for working on PCD internalsoutside

of the pressurevessel.
o Need to provide liftingmechanismfor maintenanceof PCD or access

by crane.

g. ConceptualDesign Requirements:

o Descriptionof process
o Processflow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation
o Estimatedcost
o Deliverydates
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AREA40OA GASCOOLINGANDTREATMENT

1. Description: Includes all gas stream components from the outlet of the
PCD's in Area 300A to inlet of the thermal oxidizer in Area 700. This
includes gas coolers, blowback compressor and surge drum, pressure
letdown valve, gas stream piping, ductLwork, supports, controls,
electrical power equipment, raceways, and grounding. This area also
includes the process steam system which is comprised of the steam drum
and piping system required for the fluid bed cooler, fluid bed boiler,
and all gas coolers.

2. Area Interface Points:

o Gas from PCD's (AREA 30OA)
o Blowbackgas to PCD (AREA 30OA)
o Transportgas to AREA 200A
o Saturatedliquid from steam drum to primarygas cooler, fluid bed

cooler,and fluid bed boilerat AREA 200A
o Steam from drum to gasifier (AREA 20OA)
o Utilities (AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000)
o Electrical(AREA 3000)

3. Design Interface:

Lead: MWK
Interface:The process steam systemwhich includesthe steam drum and all
steam pipingwithin the confinesof the process structureis the
responsibilityof MWK. The utility system {AREA 2000) is the
responsibilityof SCS and includesthe condensateand makeup for the drum.
Piping for Area 400A within the confinesof the structureis the
responsibilityof MWK regardlessof system. Interfaceconnectionswill be
identifiedat structureboundaries.Similarly,physicalelectrical and I&C
interfaceswill also be identifiedat structureboundaries.

4. Gas StreamConditions:

OperatingMode Gasification Combustion

Gas Temp. out of PCD
Minimum,°F 1000 1000
Maximum,°F 1750 1600

Gas Composition,vol%
H2
CO
C02
CH4
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O_

N2

Cz-compounds
C_-compounds
C4-compounds
Hz0

SOz
HzS
COS
NOx
NH3
HCL

MW
SpecificHeat

OperatingMode Gasification Combustion

ParticulateLoadings,ppm by wt.
Minimum
Maximum

Gas Pressureout of PCD, psig
Letdown Pressure,psig

5. High PressureGas Cooler:

o CoolingDuty

Maximum outlet temperatureequal to maximum temperaturefor pressure
letdown valve =

Minimum outlettemperature= 500°F

6, RecycleGas to Gas Generator:

Pressure _ 350 psig (transport);600 psig (blowback)

Temperature=

7. Utilities

o Condensateand FeedwaterSystem to receivemedium pressure steam
from the steamdrum, condense it, and resupplythe condensateas
boiler feedwater.

Quantity:60,000 Ibm/hr @ 450 psig (saturated)from drum to Utility
System. Return to drum as condensateat approximately150°F. Drum
pressure:450 psig
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o Makeup to steam drum.
Quantity:3000 Ibm/hr (Controllingcase: Gasification= 2400 pph +
I% Blowdown)

o Wastewatertreatmentfor receivingblowdown from drum.
Quantity:600 Ibm/hr

o Plant air
o Servicewater
o Fire protection
o Electrical

o Nitrogen for purge
o Quench water for coolinggas stream

8. Electrical

Voltages: 480/3/60
240/I/60
120/I/60

Loads:

9. Comments

o Pressure letdownvalve for high temperature,particulateladen gas
stream needs to be addressed.

o Provide a maintenancevent header.
o Design system to avoid releaseof CO and VOC.

o CEM standard for power plants will apply.

10. ConceptualDesign Requirements:

o Descriptionof process
o Process flow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation
o Estimatedcost
o Deliverydates
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AREA400B GASTURBINE

1. Description: Includes the combustor, turbine, compressor, generator
and all associated equipment. Interface points include the inlet of
the topping combustor (Area _00B) and the exhaust gas to area 700. The
interface point to Area 700 is the inlet of the gas cooler. This
includes controls, electrical power equipment, raceways, and grounding.
A steam turbine will not be included in the facility; therefore, any
steam generated due to cooling requirements will be sent to AREA2000,
if it is not needed for the process.

2. Area Interface Points:

o Gas from PCD's (AREA300B)
o Air to Area 200B
o TurbineExhaustto Area 700
o Utilities(AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000)
o Electrical(AREA 3000)

3. Design Interface:

Lead: FW/Westinghouse/Allison
Interface: Any heat exchangerswithin the combustor/turbine/compressorand
the associatedpiping within the structureis the responsibilityof FW.
The utilitysystem (AREA 2000) is the responsibilityof SCS and includes
Any condensateand makeup requiredfor a steam system and steam for startup
of the combustoron natural_as or LPG. Piping within the confines of the
combustor/turbine/compressorarea is the responsibilityof the FW design
team regardlessof system. Interfaceconnectionswill be identifiedat
structureboundaries.Similarly,physicalelectrical and I&C interfaces
will also be identifiedat structureboundaries.

4. Gas to Combustor

Source Carbonizer Combustor

Gas Temp. out of PCD
Minimum,°F
Maximum,°F

Gas Pressure,psig
Gas Composition,vol%

H?
CO

CO_
CH_
O_
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N2

C2-compounds
C3-compounds
C4-compounds
H20
S02
H2S
COS
NOx
NH3
HCL

MW
SpecificHeat

Source Carbonizer Combustor

ParticulateLoadings,ppm by wt.
Minimum
Maximum

Air to Compressor

AmbientAir Properties(DesignValues)
Summer Winter

Temperature 95OF IOOF
Elevo (ft.msl) 475
RelativeHumidity 48%
HumidityRatio (Ib/Ib) 0.017
Mol. Wt. (wet) 28.80
Mol. Wt. (dry) 28.98

Requiredair Streams:

Carbonizer CFBC Transport Topping
AIR Combustor

Pressure
Temperature
MoistureContent

5. Utilities

o Condensateand FeedwaterSystem
o Makeupwater

o Wastewatertreatmentfor receivingblowdown.
o Plant air
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o Service water
o Fire protection
o Electrical

o Nitrogen for purge
o Quench water for coolinggas stream

6. Electrical

Voltages: 480/3/60
240/I/60
120/I/60

Loads:

7. Comments

o CEM standardfor power plants will apply.

8. ConceptualDesign Requirements.

Descriptionof process
o Process flow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation
o Estimatedcost
o Delivery dates
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AREA500A ASHHANDLING

I. Description: Includesall equipmentrequired to cool, depressurizeand
transportthe ash form AREAS 20OA, 30OA, and 600A to the designated
interfacepoint with AREA 80OA. This includesall electricalpower
equipment,controls,raceways,and grounding.

2. Area InterfacePoints:

o Gas generator (AREA 20OA) spent solids
o PCD hopper (AREA 30OA)
o Cyclonebottoms (AREA 20OA)
o Ash to/from Sulfator (AREA600)
o Utilities (AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000) (Alarmsonly)
o Electrical (AREA 3000)

3. Design Interface:

Lead: MWK

Interface: MWK will be responsiblefor ash depressurizationand transport
to sulfatorand spent solidscollectionhoppers.

4. Ash Production:

o Operatingbasis: maximum continuousash productionrate and
conditions;

ProductionRate Density Temperature
Gasification 757 Ib/hr 54 Ib/ft3 150oF
Combustion 590 Ib/hr 54 Ib/ft3 600°F

5. Controland Data AcquisitionRequirements:Control will be local and
independent.Alarms will be sent to the DCS in the main control room.
The DCS will also have an EmergencyStop function.

6. Utilities:
o Electrical
o Nitrogen (purge)
o Service/InstrumentAir
o Servicewater

7. Electrical:

Voltages: 480/3/60
240/I/60
120/i/60
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Loads:

Description Load CHP)

8. Comments:

g. ConceptualDesign Requirements:

o Descriptionof process
o Size equipment
o List of equipment/materials
o Estimatedcost
o Deliverydates
o PreliminaryP&ID
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AREA600A SULFATOR

1. Description: This area contains a sulfator in the event that the
limestone and ash mixture (LASH) from the gas generator during
gasificationoperationneeds to be treatedto reduce the quantity of
sulfidesprior to disposal. Includedare all the necessary equipment
requiredto properlyoxidize the sulfidesto sulfate in the limestone
and ash mixture,and heat exchangersto cool the gas to the temperature
required in Area 700.

2. Area InterfacePoints:

o Limestoneand ash from gas generator(AREA 20OA)
o PCD ash from AREA 300A (gasificationmode only)
o Flue gas from sulfatorto Area 700
o Limestoneand ash from/to ash handlingsystem (AREA 50OA).
o Makeup limeste;;efrom AREA 100
o Instrumentationand Data Acquisition(AREA 1000)
o Utilities(AREA2000)
o Electrical(AREA3000)

3. Design Interface:

Lead: MWK

Interface: MWK will design the complete sulfatorprocess and will provide
all layout and detail drawings regardlessof systemwithin the physical
boundary of the processstructure. Piping interfacesfor limestoneand
utilitieswill be identifiedon drawings at structureboundaries.
Electricalinterfaceswill also be identifiedat structureboundaries.

SCS is responsiblefor design of structureand foundationsbased on MWK
layouts. Control and data acquisition(AREA 1000) is the responsibilityof
SCS, but requiredequipmentand instrumentationwithin the structure
boundaries is the responsibilityof MWK.

4. Gas GeneratorSpent Limestoneand Ash Characteristics:

Mode Gasif.

Lash temp., oF

Lash Composition
(wt%)
carbon
flyash
calcium sulfate
calciumoxide
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calcium sulfide

Particle size
distribution

Bulk density
Ib/ft3

5. Control and Data AcquisitionRequirements:Controlwill be by the DCS
in the main controlroom.

6. Utilities.
Electrical

Service Water
AuxiliaryFuel for startup
Plant/controlair
Fire protection

7. Electrical:

Voltages: 480/3/60
240/i/60
120/I/60

Loads:

8. Comments:

9, Conceptual Design Requirements:

o Descriptionof process
o Size equipment
o List of equipment/materials
o PreliminaryP&ID
o Estimatedcost
o Delivery dates
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AREA700 GASCOOLINGANDTREATMENT

1. Description: Includes all equipment for final processing of the gas
from areas 40OA, 400B and 60OA. The gas from Area 400A will be at
conditionssuitable for feed to a thermal oxidizer. The gas from Area
600A will be at conditionssuitablefor feed to the baghouse and
dischargefrom the stack. The gas from Area 400B will requirecooling
prior to discharge at the stack. Equipment in this area will include:
thermaloxidizer,final gas cleanupdevices (sorbent injectionsystem
and baghouse),stack,gas streampiping, ductwork,supports,
environmentalair qualitycompliancemonitoring equipment,controls,
electricalpower equipment,raceways,and grounding.

2. Area InterfacePoints:

o Gas from AREAS 400A and 400B
o Ash from final gas cleanupdevice to AREA 800A
o Flue gas from sulfator (AREA 60OA)
o Instrumentationand Data Acquisition (AREA 1000)
o Electrical (AREA 3000)

3. Design Interface:

Lead: MWK for thermaloxidizerand SCS for balanceof area
Interface: MWK is responsiblefor design up to and includingthe thermal
oxidizer.

Interfaceconnectionswill be identifiedat structureboundaries.
Similarly,physicalelectricaland I&C interfaceswill also be identified
at structureboundaries.

4. Gas Stream Conditionsto Area 700:
Source Gasification Combustion PFBC

from Transport from Transport from
AREA
400B

Gas Temp. to Area 700
Minimum, °F 1000 1000
Maximum, oF 1750 1600

Gas Composition,vol%
H2
C02
CH4
02
N2
C2-compounds
C3-compounds
C4-compounds
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H20
S02
H2S
COS
NOx
NH3
HCL
MW
SpecificHeat

ParticulateLoadings,
ppm by wt.

Minimum
Maximum

Gas Pressure,psig

5. ThermalOxidizer:

o Fuel - LPG or natural gas
o AmbientAir Properties (DesignValues)

Summer Winter
Temperature 95OFIOOF
Elev. (ft. msl) 475
RelativeHumidity 48%
HumidityRatio (Ib/Ib) 0.017
Mol. Wt. (wet) 28.80
Mol. Wt. (dry) 28.98

o Gas Stream Heating Value =
o ThermalOxidizer Heat ExchangerDuty

Maximum Inlet Temperature=

MinimumOutlet Temperature= 300°F
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6. Baghouse Ash Production:

Transport Reactor:
PCD

Operations Normal Out-of-service
Mode Gasif. Comb. Gasif. Comb.

Part. loadingin
gas stream,ppmw 2000 2000

Ash Prod., Ib/hr

Advanced PFBC:

Part. loading in
gas stream,ppmw

Ash Prod., Ib/hr

7. BaghouseAsh Characteristics:

Mode Gasif. Comb.

Ash temp., oF
Ash Composition(wt%)

carbon
flyash
calciumsulfate
calciumoxide
calciumsulfide

Particle size
distribution

Bulk density
Ib/ft3
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8. Duct Sorbent Injection:

Transport Transport Advanced
Gasification Combustion PFBC

Gas Composition,vol.%
H2
CO
COz
CH4
02
N2
C2-compounds
C3-compounds
C4-compounds
H20
S02
H2S
COS
NOx
MW
Specific Heat

9. Control and Data AcquisitionRequirements:Controlwill be by DCS. All
monitoredpoints will be recorded by the DAS.

10. Utilities

o Auxiliaryfuel (LPGor natural gas}.for thermaloxidizer.
o Plant air
o Servicewater
o Fire protection
o Electrical
o Nitrogen for purge
o Blowback air for baghouse
o Quench water for coolinggas stream
o Sorbent injectionair

11. Electrical

Voltages: 480/3/60
240/I/60
120/I/60

Loads:
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12. Comments

o Provide a maintenance vent header.
o Design system to avoid release of CO and VOC.
o All bins should be mass flow bins with flow inducers,such as live

bottoms or vibrators. Design for minimum stoppage.
o Design of duct injectionsorbentfeed system needs to be addressed.
o CEM standardfor power plantswill apply.
o Potentialfor baghouse fire should be addressed.

13. ConceptualDesign Requirements:

o Descriptionof process
o Processflow diagrams
o Size equipment
o List of equipment/materials
o PreliminaryP&IDs
o List of instrumentation
o Estimatedcost
o Delivery dates
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AREA800A ASHHANDLING

1. Description: Includes equipment required for transport of the ash from
interface points with AREAS500A and 700 to the final disposal location.
The ash product will be conveyed from the pick-up points to a storage
silo where it will be loaded out to dump trucks for off-site disposal.
This includes all piping and valves, ash silo, solids transfer blower,
feeders, dust control, load out facilities, pipe supports, support
steel, foundations, electrical power equipment, controls,raceways, and
grounding.

2. Area Interface Points:

o Spent solids receiverfrom AREA 500A
o Baghousebottoms (AREA 700)
o Utilities(AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000) (Alarmsonly)
o Electrical(AREA 3000)

3. Design Interface:

Lead: SCS

Interface: SCS will be responsiblefor transportfrom baghouse hoppers,
spent solids receiveroutlet flangesto final disposal site.

4. Ash Production:

o Operatingbasis:maximum continuousash production rate and
conditions;

ProductionRate Density Temperature
Gasification 757 Ib/hr 54 ib/ft3 150oF
Combustion 590 Ib/hr 54 Ib/ft3 600oF

5. Ash Storage:

o Providefor 88 hours storageat a design ash production rate of 757
Ib/hr.

o Truck loadingstationunder the storagesilo with provisionsfor
dust control during truck loadingoperations.

o Providefor inert blanket for storagesilo to prevent caking of ash
from atmosphericmoisture.

6. Control and Data AcquisitionRequirements:Control will be local and
independent.Alarms will be sent to the DCS in the main control room.
The DCS will also have an EmergencyStop function.

800A-I



Pouer Systems Devetol_mnt FaciLity Southern Company Services, Inc.
Design Basis REV A

7. Utilities:

o Electrical

o Nitrogen (purge)
o Service/InstrumentAir
o Servicewater

8. Electrical-

Voltages: 480/3/60
240/i/60
120/I/60

Loads:

Description Load (HP)
Vacuum pump 20
Aeration Blower 5 Ash
Conditioner 10 Dry
Unloader Vent Fan 2 Dry
Unloader Hoist 2

9. Comments:

o All bins should be mass flow bins with flow inducers,such as live
bottoms,vibrators,and/or aeration. Design for minimum stoppage.

10. ConceptualDesign Requirements:

o Descriptionof process (includepug mill for ash conditioning)
o Size equipment
o List of equipment/materials
o Estimatedcost
o Deliverydates
o PreliminaryP&ID
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AREA800B ASHHANDLING

I. Description: IF _des equipmentrequired for transportof the ash from
interfacepoints with AREA 200B to the final disposallocation. The ash
productwill be conveyedfrom the pick-up points to a storage silo where
it will be loaded out to dump trucks for off-sitedisposal. This
includesall piping and valves,ash silo, solids transfer blower,
feeders,dust control,load out facilities,pipe supports,support
steel, foundations,electricalpower equipment,controls,raceways,and
grounding.

2. Area InterfacePoints:

o Spent solids receiverin AREA 200B
o Utilities (AREA 2000)
o Instrumentationand Data Acquisition(AREA 1000) (Alarmsonly)
o Electrical(AREA 3000)

3. Design Interface:

Lead: SCS

Interface: SCS will be responsiblefor transportfrom spent solids
receiver outlet flangesto final disposal site.

4. Ash Production:

o Operatingbasis:maximum continuousash productionrate and
conditions;

Prod_ictionRate Densitv Temperature
3,766 Ib/hr 300oF

5. Ash Storage:

o Provide for 88 hours storage

o Truck loadingstationunder the storage silo with provisions for
dust controlduring truck loadingoperations.

o Providefor inert blanketfor storage silo to preventcaking of ash
from atmosphericmoisture.

6. Control and Data AcquisitionRequirements:Controlwill be local and
independent.Alarms will be sent to the DCS in the main control room.
The DCS will also have an EmergencyStop function.

7. Utilities:
Electrical

Nitrogen (purge)
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Service/InstrumentAir
Servicewater

8. Electrical:

Voltages: 480/3/60
240/I/60
120/1/60

Loads:

9. Comments:

o All bins should be mass flow bins with flow inducers,such as live
bottoms,vibrators,and/or aeration. Design for minimum stoppage.

10. ConceptualDesign Requirements:

o Descriptionof process (includepug mill for ash conditioning)
o Size equipment
o List of equipment/materials
o Estimatedcost
o Deliverydates
o PreliminaryP&ID
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AREA900D FUEL CELL

The fuel cell will be procuredas package. Interfaceswill includeAREA
200A for the syngas and area 700 for gas to the stack.
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AREA 1000 INSTRUMENTATIONAND DATA ACQUISITION

I. Description: Plant ControlSystem: Consists of all componentsfor
automaticand manual controland monitoringof the process except that
FW will use the 6000 series of numbersfor their instrumentindex.
Includedare instrumentation,pneumaticcontrols,electronic
conditioning,microprocessors,cabinets,power supplies,uninterruptible
power supply system,prefabricatedcables,controlboard and inserts,
operator interfacedevices (indicators,manual/autostations,CRT'S,
etc.), system configuration,circuits,and raceways.

Data Analysis System: Consistsof all componentsof a digitaldata
analysissystem includingprocessingcomputerrequiredto receive,
condition,store, transfer,and display data from selected processand
equipmentsensors. Includedare the computercentralprocessingunit,
power supplies,input/outputcabinets,prefabricatedcables, software,
digitalmemory devices,associatedinput/outputperipherals (e.g.,
keyboards,printers,modems,CRT's, trend strip recorders),operatorand
programmerinterfaceequipment,circuits,andraceways. This does not
includeprocess and equipmentsensors,HVAC, fire protection,or
architecturalprovisionsor enclosures. The data analysissystem may be
separateor an integralpart of the plant control system.

2. Area InterfacePoints: ALL

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor designing,furnishing,and configuring
the plant digital controland data acquisitionsystems. MWK and the
FW/WestiDqhguse/Allisondesiqn team are responsiblefor determininqthe
processcontroldefinitionfor all areas within their scope of work. MWK
and the FW/Westinqhouse/Allisondesiqn team are also responsiblefor ali
controlvalves,controllers,transmitters,transducers,thermocouples,
etc., for all systemsfor which they have desiqn responsibility.
Similarly,SCS is responsiblefor instrumentationfor systemsor
sub-systemswithin their scope of work.

4. Comments:

5. Conceptual Design Requirements:

o Plant Control System/DataAcquisitionSystem
o Assessmentof alternatives
o Functionaldescriptionof system
o Equipmentlist
o Estimatedcost
o Delivery
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o I/0 Iist
o Control Room Design
o Preliminarygeneral arrangementdrawings
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AREA 2000 BOILER FEEDWATER/STEAMSYSTEM

I. Description: Consistsof all componentsrequired to receivesaturated
medium pressure steam from the steam drum, condense the steam, and
resupplythe condensateas boiler feedwater. Make-up to the drum is
also included. Componentsincludesteam piping from the drum,
condenser,condensatepump(s) and piping,cooling tower(s),circulating
water pump(s)and piping, deaeratorif required,make-up pump(s)and
piping,controls,foundations,supports,electricalpower equipment,
controls,raceways,and grounding. Raw water supply and coolingtower
make-up is not included in this system.

2. Area InterfacePoints:

o Steam from drum (AREA 400)
o Makeup to drum (AREA 400)
o Condensatereturnto drum (AREA 400)

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor design of the system. Piping and
equipmentwithin the confines of the Gasifier/PCDstructureis the
responsibilityof MWK. Interfacepointswill be identifiedat structure
boundaries.

4. Design Conditions:

o Flow: 60000 Ibm/hr
o Drum Pressure: 450 psig
o CondensateReturnTemp : 150oF
o Steam for Gasification:2400 Ibm/hr
o Blowdown:600 Ibm/hr (1%)

5. Comments:

6. Controland Data AcquisitionRequirements:Control will be by the DCS in
the main control room.

7. ConceptualDesign Requirements:

o Descriptionof process
o Size equipment
o List of equipment/materials
o Estimatedcost
o Deiiverydates
o PreliminaryP&ID

o Valve schedule(controlvalves)
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o Instrumentlist
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AREA 2100 SERVICEWATER SYSTEM

1. Description: Consistsof all componentsrequired to provide raw water
to the boiler feedwatertreatmentsystem,to provide cooling tower
make-up,to providequenchwater as needed, to satisfymiscellaneous
coolingwater r_quirements,and for hose connections. IncluG_d are all
pumps, piping, storagetanks, controls,structures,foundations,
supports,electricalpower equipm_,it,controls,raceways,and grounding.

2. Area InterfacePoints:

o Servicewater to Areas 100, 200, 300, 400, 500, and 600.
o Instrumentationand Data Acquisition(AREA 1000)
o Electrical(AREA3000)

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor the design of the system. Piping within
the boundaryof the Gasifier/PCDstructureis the responsibilityof MWK.
Interfacepointswill be identifiedon MWK design documents.

4. DesignConditions:

5. Comments:

o Consider obtainingwater from City of Wilsonville,E.C Gaston Steam
Plant,river, and drillingweil.

6. Controland Data AcquisitionRequirements:Controlwill be from the DCS
in the main control room with local auto/manualstationsfor the pumps
and automaticvalves.

7. ConceptualDesign Requirements:

o Study of alternatives(Wilsonville,Gaston,river)
o Descriptionof process
o Size equipment
o List of equipment/materials
o PreliminaryP&ID
o Valve schedule (controlvalves)
o InstrumentList
o Estimatedcost
o Deliverydates
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Power Systa DeveLopment FaciLity Southern Coml_m_ Services, Inc.

Design Basis REV A

AREA2200 SERVICE/INSTRUMENTAIR SYSTEM

1. Description: Includes all compressors, receiver tanks, dryers, piping,
electrical power equipment, controls, raceways, and grounding required
to provide service air and instrument air.

2. Area Interface Points:

3. Design Interface:

Lead: SCS
Interface: SCS is responsiblefor the design of the system.Pipingwithin
the boundaryof the Gasifier/PCDstructureis the responsibilityof MWK.
Interfacepointswill be identifiedon MWK design documents.

4. Design Conditions:

5. Comments:

6. Control and Data AcquisitionRequirements:_ontrolwill be local and
furnishedwith the compressors.

7. ConceptualDesign Requirements:

o Description
o List of equipment/materials
o PreliminaryP&ID
o Cost Estimate
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Po_ Systems DeveLopment FaciLity Southern Cemper_f Services, Inc.
Design Basis REV A

AREA2300 AUXILIARY FUEL SYSTEM

1. Description: All components for receiving, unloading, storing, and
distributing fuel to the startup burner(s), pulverizer air heater(s),
and other devices as required. This includes truck unloading station,
unloading piping, storage tank, containment facilities, distribution
pumpsand piping, foundations, supports, electrical power equipment,
controls, raceways, and grounding.

2. Area Interface Points:

o Fuel for coal/limestone drying (AREA100)
o Gas Generator startup fuel (AREA200)
o Flare pilot (AREA200)
o Sulfator startupfuel (AREA 600)

3. Design Interface:

Lead. SCS

Interface. The complete unloading,storageand distributionsystem is the
responsibilityof SCS. Auxiliaryfuel requirementsfor gas generator,
flare, and sulfatorwill be determinedby MWK. In addition,MWK is
responsiblefor all pipingwithin the gasifier/PCDstructuralboundaries.
Physical interfacepointswill be identifiedon MWK/SCS design documents.

4. Comments:

5. Control and Data Acquisition Requirements: Control will be by the DCS
in the main control room.

6. Conceptual Design Requirements:

o Study of alternatives,includingintegrationwith Agglomeration
o Projectunloadingfacilitiesand possible use of natural gas or LPG
o Descriptionof system
o PreliminaryP&ID
o Size equipment
o List of equipment/materials
o Estimatedcost
o Deliverydates
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PoMer System Devetol_mt FaciLity Southern Company Services, Inc.
Des(gn Basis RL:VA

AREA 2400 FIRE PROTECTIONSYSTEM

I. Description: Includesall fire protectionsystemsrequired to meet
federal,state, and local requirements. As applicablethis may include
fire pumps, fire protectionstoragetanks, yard main system, standpipe
and hose systems,and specialprotectionsystemsrequired for specific
hazards.

2. Area InterfacePoints:

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor design of the fire protection systems.
Pipingand equipmentwithin the Gasifier/PCDstructureis the
responsibilityof MWK.

4. Comments:

5. Controland Data AcquisitionRequirements:None

6. ConceptualDesign Requirements:

o System integrationstudy
o Descriptionof system
o PreliminaryP&ID
o List of equipment/materials
o Estimatedcost
o Deliverydates
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Power Systems DevetOl_U_t FaciLity S_thern Ceq_Nly Services, Inc.
D_ign 6asin REVA

AREA 2500 WASTEWATERTREATMENTSYSTEM

I. Description: Includescollectionand treatmentof all wastewater
streamsas required. As applicablethis includescoal pile run-off,
boiler blowdown,cooling tower blowdown,floor drains,yard drains, and
sewage. The scope includesroutingwaste streamsto appropriate
collectionpoints; installationof treatmentequipmentas required;
appropriatesupports,foundations,electricalpower equipment,
controls,raceways,and grounding;and dischargepiping or drains.

2. Area InterfacePoints:

3. Design Interface:
Lead: SCS
Interface:

4. Comments:

5. Controland Data Acquisitionrequirements:Controlwill be local.
Alarmswill be sent back to the DCS in the main controlroom.

6. ConceptualDesign Requirements:

o System integrationstudy
o Descriptionof systems
o PreliminaryP&ID
o Equipment/materiallist
o Estimatedcost
o DeliveryDate
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Power System Devetoplenl: Fe_itity Southern Colpany Services, Inc.

Design Basis REV A

AREA 2600 NITROGENSYSTEM

I. Description: All equipment,piping, and controls required for inerting
and purging. This includesnitrogenstorage,valves and piping,
analysis and controlsystem,nozzles,and other devices as required.

2. Area InterfacePoints:

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor design of the nitrogen system.Piping
within the Gasifier/PCDstructureis the responsibilityof MWK.

4. Comments:

5. Controland Data AcquisitionRequirements:Controlwill be by the DCS
in the main controlroom where there is a need for automaticcontrol in
the Gasifier/PCDstructure.

6. ConceptualDesign Requirements:

o Descriptionof system
o PreliminaryP&ID
o Equipment/materiallist
o Estimatedcost
o Delivery Date
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P_r Systems Devet¢_:ment FaciLity _herln C(ml:_amlyServices, Inc.
Design B_i$ RE'V A

AREA2700 WATERTREATMENT/CHEMICALFEED

1. Description: Includes all facilities for treating boiler feedwater and
condensate. As required such facilities may include equipment and
systemsfor clarification,filtration,and demineralizationof raw
water as well as introductionof chemicals into the process streams.
Also includedare filtered/treatedwater storagetanks, chemical
storage,all contiguouswater and chemical pumps and piping,water
analysisand controlsystem,regenerativewaste treatment,electrical
power equipment,controls,raceways,and grounding,and water treatment
building.

2. Area InterfacePoints:

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor design of the water treatment/chemical
feed system.Pipingwithin the Gasifier/PCDstructureis the responsibility
of MWK.

4. Comments:

5. Control and Data AcquisitionRequirements:Controlwill be by the DCS
in the main controlroom where there is a need for automaticcontrolin
the Gasifier/PCDstructure.

6. ConceptualDesign Requirements:

o Descriptionof the system
o List of equipment/materials
o PreliminaryP&ID
o Estimatedcost
o Delivery date
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Power Systems Devetof_ent FaciLity Southern Company Services, Inc.

Design Basis REV A

AREA 2800 SAFETY/SECURITY

I. Description: Includesall systemsand equipmentrequiredfor personnel
protectionand site security. This includessafety showers,alarm
systems,surveillanceequipment,respirators,signs, and other
equipmentas required.

2. Area InterfacePoints:

3. Design Interface:

Lead: SCS
Interface:

4. Comments:

5. ConceptualDesign Requirements:

o Estimatedcost (includesecurityfencing)
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Pouer Systems Devetol_ent Facitity Southern Ccmpeny Services, Inc.
Design Basis REV A

AREA 3000 POWER DISTRIBUTION

I. Description: This area includesall componentsrequired to receive
power from the substationprovidedby Alabama Power Company and
distributethe power at appropriatepower levels to the varioussystems
within the plant. This includesswitchgear,transformers,power
circuit breakers,disconnects,cable, protectiverelays,meters,
raceways and grounding.

2. Area InterfacePoints: All

3. Design Interface:

Lead: SCS

Interface: SCS is responsibleor design of the system except for raceways
within the confinesof the processstructurewhich is the responsibilityof
MWK. MWK will also be responsiblefor all lighting,receptacles,and misc.
power circuitswithin the structure. Interfacepoints will be at pull
boxes and distributionpanels locatedat the structureboundaries.

4. ConceptualDesign Requirements:

o Description
o Assessmentof Alternatives
o Single Line Diagram
o List of equipment/materials
o EstimatedCost
o DeliveryTime
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Pokier System Oevetofalent FaciLity Southern Company Services, Inc.

Design Basis REV A

AREA 3001 CONTROL& DATA ACQUISITIONCIRCUITRY

I. Description: This Area includesall equipment,cables, and raceways
requiredto transmitfield inputsto the DCS and to take the outputsof
the DCS to the controlleddevices.

2. Area InterfacePoints: All

3. Design Interface:

Lead: SCS
Interface:SCSis responsiblefor the entire system except for circuitsand
racewayswithin the batterylimits of the process structurewhich are the
responsibilityof MWK. The interfacepoint will be at an I/O junction box
providedat the boundaryof the process structure.

4. ConceptualDesign Requirements:

o Description
o List of equipment/material
o EstimatedCost
o Delivery Time
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Po_er Sy_tNm i)eveLopmnt Fe_itity Southern Company Services, Inc.
Design Basis REV A

AREA3002 LIGHTING

1. Description: This area includes all fixtures, receptacles, circuits,
and raceways required to provide lighting in buildings and outdoor
areas.

2. Area Interface Points:

3. Design Interface:

Lead: SCS

Interface" SCS is responsible for the entire system except for the process
structurewhich is the responsibilityof MWK.

4. ConceptualDesign Requirements:

o Description
o List of equipment/materials
o EstimatedCost
o Delivery Time

3002-1



Power Systi I)evelolzent Facility Southern Compeeef Services, Inc.
Design Basis REV A

AREA3003 COMMUNICATIONS

I. Description: This area includesall equipment,raceways,and circuits
requiredto providepublic addressand telephonesystems for the plant.

2. Area InterfacePoints:

3. Design Interface: None - SCS is responsiblefor the entire system,
includingthat for the processstructure.

4. ConceptualDesign Requirements:

o Description
o List of equipment/materials
o EstimatedCost
o DeliveryTime
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Power Systems DeveLopment F_itity Southern Ceq3any _ic_, IM.

D_i_ Basis R_ A

AREA3004 HEATTRACING/FREEZEPROTECTION

1. Description: This area includesall equipment,raceways,and circuits
requiredto provide freeze protectionto piping and instrumentlines.

2. Area interfacePoints:

3. Design Interface:

Lead: SCS

Interface: SCS is responsiblefor the entire system, except for the
processstructurewhich is the responsibilityof MWK.

4. ConceptualDesign Requirements:

o Description
o List of equipment/materials
o EstimatedCost
o DeliveryTime

3004-1
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