Power Systems Development Facility

Commissioning Report of

M.W. Kellogg Transport Reactor Train,
Westinghouse Particulate Control Device,
and Associated Balance-of-Plant Equipment:
September 1995 - December 1996

DOE Cooperative Agreement Number
DE-FC21-90MC25140 |

Volume |

NN
357 o
%4

i :\ 3
¥ &
kS Si“'

$

SOU'I'HERN
COMPANY

Energy to Serve Your World ™




POWER SYSTEMS DEVELOPMENT
FACILITY

COMMISSIONING REPORT OF
M.W. KELLOGG TRANSPORT REACTOR TRAIN;
WESTINGHOUSE PARTICULATE CONTROL
DEVICE, AND ASSOCIATED BALANCE-OF-PLANT
EQUIPMENT:
SEPTEMBER 1995 - DECEMBER 1996

DOE Cooperative Agreement Number
DE-FC21-90MC25140 - -RS &

VOLUME |

Prepared by:
Southern Company Services, Inc.
Power Systems Development Facility
P.O. Box 1069
Wilsonville, AL 35186

d134-3003n
Engid ny gy 8bbl
FINVLISISSY 3 KorLIsinngy

August 1998




POWER SYSTEMS DEVELOPMENT FACILITY

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, nor Southern Company Services, Inc., nor any of its employees,
nor any of its subcontractors, nor any of its sponsors or cofunders, makes any warranty,
expressed or implied, or assumes any 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 specific commercial product, process, or service by trade name, trademark,
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 or reflect
those of the United States Government or any agency thereof.

Available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161. Phone orders
accepted at (703) 487-4650.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




ACKNOWLEDGEMENT

The authors wish to acknowledge the contributions and support provided by various project
managers: Jim Longanbach (DOE), Mike Epstein (EPRI), Marty Fankhanel (MWK), Zal
Sanjana (Westinghouse), and Duane Pontius (SRI). Also, the enterprising solutions to
problems and the untiring endeavors of many personnel at the site during commissioning of
the transport reactor train are greatly appreciated. The project was sponsored by the U.S.

Department of Energy Federal Energy Technology Center under contract DE-FC21-
90MC25140.

I
i




Power Systems Delivery System Contents
1996 Commissioning Report

CONTENTS
Section Page
Title Page Inside Cover
Disclaimer
Acknowledgements
VOLUME 1
Listing of Tables and Figures vil
1.0 EXECUTIVE SUMMARY ...cootriieueiietrerercnssscneesessnssesssssssssssssssssssssssessssesesses 1.0-1
2.0 INTRODUCTION ...cociierreeverercerserenescamessesssssesesssssssssssssssssssesesssssstssasessessasssss 2.1-1
2.1 The Power Systems Development Facility .......ccceveerereereesverenarssereesesesseones 2.11
2.2 Transport Reactor System Description...... . eerereennensenes 2.2-1
2.3 Westinghouse Particulate Control DEVICE .....cceucceeererersercerereseesesaesassesaesess 2.3-1
2.4 Balance-Of-Plant.....ccicrecieeisceesenisinesssssanssessssesessesssssssessssssessssssssnssasesse 2.41
3.0 SCHEDULE OF PSDF START-UP/COMMISSIONING ACTIVITIES. ....... 3.011
4.0 DESIGN, PROCUREMENT, AND INSTALLATION.....ceeceeerermereercreceenes 4.1.1-1
4.1  Conceptual DESIZN ..cucuiiiinirrsisiriiesinercencesnsnssssesesssesssscsssssncsesssssssnsns 4.1.1-1
4.1.1 Transport Reactor Train .... revsasneetsnsasasassttsnsrentasesesertasaestns 4.1.1-1
4.1.2  Balance-of-Plant . cceeeeeeeeceeereeeeereeeieeeserensessesesestesesesssenssnssens 4.1.21
4.2 PrOCUIEINENT ceeevuirreriieerresiiiistninnesiessnesisnsssnsssesssessessanssnsssssssesosssssssssasns 42.11
4.2.1 Transport Reactor TTaIM .cccecececeuereecencrenrerencssesessesnssensssessensnesenes 42.1-1
4.2.2  Balance-of-Plant .....ccccceeeccmrceeeeeeneeeenenecsaescsseseesenesnssesnsssesenes 4.2.2-1
T RCR 611 21 5 o' R 4.3-1
5.0 COMMISSIONING OF M. W. KELLOGG TRANSPORT
REACTOR TRAIN.....oeteeeeerrreeeseeneeseesecstessassasssssassssassessssessssessssssssnsasens 5.1.1-1
5.1 Transport Reactor LOOP ...cccieerevernirinreneincrisscesscncseesesessessesessssesesnes 5.1.1-1
5.1.1 Commissioning Test Run CROT ...ccoovvivrinterneneecieeeecacrrennenees 5.1.1-1
5.1.2 Commissioning Test Run CRO2 .....coceeevceevncesieneennecencancecannne 5.1.2-1
Page i

tearsaral N e A (e D e ot s ica Ay w et At ast e s b i O A Lot it et et Can e M P » e Al Sl i g, e Anc i



Contents Power Systems Delivery Facility
1996 Commissioning Report

5.1.3 Commuissioning Test Run CRO3 ...t 5.1.3-1
5.1.4 Commissioning Test Run CRO4.......ccocovrvimiiinininrcerececiene 5.1.4-1
5.1.5 Characterization Test Run CCTIA . ...ccccvmimininniinninninnrenneenes 5.1.5-1
5.1.6 Characterization Test Run CCTIB ..ot 5.1.6-1
5.1.7 Characterization Test Run CCT1C......oiivninniicenreierennene 5.1.7-1
5.1.8 Characterization Test Run CCT2A.......ccocvimrininenernrneresnnns 5.1.8-1
5.1.9 Characterization Test Run CCT2B ......coorieiinireicreinreicnnn 5.1.9-1
5.1.10 Characterization Test Run CCT2C......couriiiiiviireiicrcrennne. 5.1.10-1
TERMS ..c.eeeteereeeieseeeetenteseesenesnesensascassstosssessstonssssssssstossssasssssssssasssnesen PSDF Terms-1
VOLUME 2
5.1.11 Disengager Performance TestS .....ococeureernmermrunusnsrssisseresnesensesnns 5.1.11-1
5.1.12 Solids Conveying SYStemML....cocuviererurrereesenersersesveessesnssessessanaens 5.1.12-1
5.1.13 Pressure Letdown Valve......cocoiceiicicrcccnncnvnennnnincnncnesennceneene 5.1.13-1
5.2 Operability Analysis of Commissioning Tests......covucurreruerererereencreereae 5.2.1-1
5.2.1 Analysis of the Reactor Coal Feed Rate and Comparison
With Other Processes....c.coiieuenuirenneerirueirisesesessessersessassesesses 5.2.1-1
5.2.2 ‘The Relationship Between the Coal Feed Rate and Solid
Circulation Rate....eccecoccriiuinnriininseniecennisisnssesnesissesnsenserenns 5.2.2-1
5.2.3 The Relationship Between the Reactor Temperature and
the Coal Feed Rate ...ccuivcniiinnrreniincenieninsinsisiissesisesrereensnensnens 5.2.3-1
5.2.4 Solid Carryover and Cyclone Separation Efficiency .........couuuu.... 5.2.4-1
5.2.5 Riser Pressure Drop and Solid Circulation Rate......coceueeucuunncnneee. 5.2.5-1
6.0 COMMISSIONING OF WESTINGHOUSE PARTICLE
FILTER SYSTEM....uririeniinreeeiniesestnesssesnessssssssssscssssisssmssssesssssssssnenssssresss 6.1.1-1
6.1 Westinghouse Filter System....cuceeeroicrinieurcvesercenircnnneeeesenssceseeeesees 6.1.1-1
6.1.1 1996 PCD OVEITVIEW .cuveeerirerinriecerensessessecsuessesessnssssessssssssasssenns 6.1.1-1
6.1.2 Westinghouse PCD FL0301 System Description......ceececeeruenenne 6.1.2-1
6.1.3 Westinghouse PCD Installation .....c.ccceececeeeeecnueceeceeccnccesserercnnes 6.1.3-1
6.1.4 Candle Layout #1.c..coeoeerieeeeiectnceneecntenteseessensisissesssosesnes 6.1.4-1
6.1.5 Westinghouse PCD Gasker.....ccocvviveninisnnnsecnnsnscnniscnscnnnne 6.1.5-1
6.1.6 Test Run CCTIA ...ttt eesresessee s s esserseas 6.1.6-1
6.1.7 Test RUN CCTIB.uuiiiecrecreneereetereensenessesessessecssesssesssessssesanes 6.1.7-1
6.1.8 Test Run CCT1IC .. eeiieieeeeeeeceeeeeeceesateesesessssssasns 6.1.8-1
6.1.9  Candle Layout #2....cc.ceevereeerereencrceeecstrecaescsssnsssesssnsassssssssesens 6.1.9-1
6.1.10 Test Run CCT2A ....cmiiiieinrieniviiinserressessesnesssssesseesesssess 6.1.10-1

Page if




Power Systems Delivery System Contents
1996 Commissioning Report

6.1.11 Test Run CCT2B ......coiecereeverrernrererrsreseeseessoresassssessssassesesessseses 6.1.11-1
6.1.12 Test Run CCT2C....uucuieeeeeeireereereeaneeterreessessessessssessessssesseses 6.1.12-1
6.1.13 Coal Combustion Characterization Test CCT3 .....ccovveueeervennncee 6.1.13-1
6.1.14 Filter System Permeance .......ccceveveeuerereereresreressenesresssasseseesesssseses 6.1.14-1
6.1.15 Monitoring Ash Level in the Westinghouse PCD FL0301......... 6.1.15-1

6.2 High-Pressure Air and High-Pressure Nitrogen System .....coceveeeeresuesennas 6.2.1-1
6.2.1 High-Pressure Air SYSEM ..cocoeeceeececoercncreesrencassenseensecssssssssssssenes 6.2.1-1

6.2.2 High-Pressure Nitrogen SYSTEM ....ceeereverrereressesseseereesessesesessessens 6.2.2-1

6.3 PCD Fines Removal System COmmiSSIONINg......ccceceveecereceseceressseeessenes 6.3.1-1
6.3.1 PCD Fines Screw COOler ....c.cccereeeuerreercreveurncesssaeesseesssseesseanes 6.3.1-1

6.3.2 PCD FINes TranSPOITEr ..ccuceveecerceverresresensessresssossssesssssssssassessassens 6.3.2-1

7.0 SOUTHERN RESEARCH INSTITUTE (SRI) PARTICULATE

SAMPLING SYSTEM ...uouivrieeeeieieneneciecenessessssssesesssssessssssssssssssessssasensasssns 7.1-1
7.1 Description of Particulate Sampling System .......cceceeeeeveecrcrenesennrecsveesnens 7.1-1
7.2 Cold ShaKedOWI.cucceceireeeriiriecrcrieineenenrceeeseeseeessenessassssassasssssesesseseesens 7.2-1
7.3 HOU ShaKEAOWN c.uueeneeiieeiririncniteanircceisasiensnssnessenensassasnssessssusasssssssensans 7.3-1
7.4 System MOGIfICATIONS c.ecreurririereserensercesssssuesesssseseessassssssenssessssessesssssseassases 7.4-1
7.5 Initial Samplng RUNS...cccvvieeererereeeesesceneneeeeseseneaesncasemsaessesssssessssssnsanas 7.5-1
7.6 POIT INSPECTION.ccuiuiiriereasieseeraeetenecsesscenescesssassssnsssesseseeseessssaseessssesensassanss 7.6-1
7.7 SUININALY ceeevrrsrieressemseessresorsessssssssesssesassassesssosesssssssssesossssessossosssnsssssosssasssass 7.7-1
7.8 Major Events (Chronology) ....ce.ceceeeveevereeruerennes veereeresreeesesanansensanes 7.8-1
8.0 BALANCE-OF-PLANT .....cocooiiiriirriirestnasssasessessessassesasasassssssssssasssssssenesss 8.1.1-1
8.1 TFeedstock Preparatloni. .. cieiesiscecenesuerescensrsessesaserssssessessssssasssssnnens 8.1.1-1
8.1.1 Coal and Sorbent (Feedstock) Reclaim System Description......... 8.1.1-1

8.1.2 MWK Coal Mill Process DesCriptiOn ....eeeseeeeraeseereoseassessessassosaene 8.1.2-1

8.1.3 MWK Sorbent Mill Process DesCription .......ceeeeeececeserceseeenceneenee 8.1.3-1

8.2  Main AIr COmMPIESSOT .cueuervirireeresusesinsesessessssssssessenssesssesessssssessssssssssesess 8.2.1-1
8.2.1  DESCIIPUOM . cuucurerinrenirisneristcseisnesissssesesassssesssssesissessssasssssssssnnessssens 8.2.11

8.2.2 Commissioning Tests/RUDNS ......cccceveueerveereressereresecnreaeencscessscsens 8.2.2-1

8.2.3 Highlights of Problems and Solutions.......c.ceceeeeveeeveeencrcecencncae 8.2.3-1

8.2.4 Performance During Normal Operation.......c.ccceeeeeeueeeueeeneocucncncs 8.2.4-1

Page iii

A e P R A Y A I N T T R T T e R e T T T A Y ., TN T TN



Contents Power Systems Delivery Facility
1996 Commissioning Report

8.3 Transport Air SYSTEM c.curvcereeceueueririinseisnisissssensssssessasstesesesesesssesesnsess 8.3.1-1
8.3.1  DESCIIPUOM...ueiuiirsirnireerissieresiesissessernessesesssssesseseseesnnessessssssssnsans 8.3.1-1
8.3.2 Commissioning Tests/RUNS...ccccoeevrveiemrenviiniiircnirenerieseeesennens 8.3.2-1
8.3.3 Highlights of Problems and Solutions ..........cccvvevncninrernnncnnn. 8.3.3-1
8.4 Recycle Gas BoOSter COMPIESSOL ....ccuemirerisressisussussessssesssssmssesseassesssesnes 8.4.1-1
8.4.1  DESCIIPTION. .cueeneeeuencereruesreseeneemresesessesnesessissessasessesssssssnssnssensnsses 8.4.1-1
8.4.2 Commissioning Tests/RUMS....coceeeereecrserinurnesrsnisercsersisnencsesseennns 8.4.2-1
8.4.3 Performance During Normal Operation .........cceeevevscesuercrvenne 8.4.3-1
8.5 Process Gas Sampling SYSTEM ..cceriveiiriruininentirnriiirinisenererneresseseseseesens 8.5.1-1
8.5.1  System DESCIIPUION .cocceeruerrirrereeserreuesessesaessesussessessessessessesesssesees 8.5.1-1
8.5.2 Alternative Conceptual Designs Considered for Sample
Extraction and Transport....eeescrnisisniiesessessessessesssseesnens 8.5.2-1
8.5.3 Sample Conditions at EXtraction .....eeveccieinveneneinnscennenn. 8.5.3-1
8.5.4 Checkout and Commissioning Experience ......cococceriueevruenesnenne 8.5.4-1
8.5.5 Operational EXPErIENCe ....ooevererreerermenviirvsnesiesesnsscssesseuesesnnesns 8.5.5-1
8.6 Thermal OXIdIZer..cccveevereeeeeeeeeereiriiiesiesnesereestsassesisesssesnesessensseaens 8.6.1-1
8.6.1  DDESCIIPTION..c.ccuirsiriirinrcrrirecsnisresesssssesessessessssessessssessnsssseresnessssasas 8.6.1-1
8.6.2 Commissioning Tests/RUmNS.....coceverireeririerirumrsircresucmnscissescssenis 8.6.2-1
8.6.3 Highlights of Problems and Solutions ........cccccceceevervrvennrunecnnnes 8.6.3-1
8.6.4 Performance During Normal Operation .......c.ceeceeevereveseseesesnens 8.6.4-1
8.7 STEAIM SYSTEIML.cecuuerrerermeercecrseeesvnsseissssssisasessissesssessnsssessssssseesnesssesssasssnnans 8.7.1-1
8.7.1  DDESCIIPUION..ccuuiceerierirurriesessesressessssessessisessenessossesssssesesssrsessonsarsenes 8.7.1-1
8.7.2 Commissioning Tests/RUmS......cccoeueucirircruerrrisiesemsaeseaesesnerenens 8.7.2-1
8.7.3 Highlights of Problems and Solutions ........cccccveeeeveniecrcencnnee 8.7.3-1
8.8 SUlfator SYSTEML..ucoreeereeeeecrctrreeeieetitsesetssesesessmssstesesssessersssasssensens 8.8.1-1
8.8.1  System DESCIIPUION c..cueuceveurereerercrcncsecssecsesmsesssssscsssseresssssassenseseons 8.8.1-1
8.8.2 COMINISSIONING STATUS...coveruerrrrucsserseesueriessessessssasessssssssssssssossassns 8.8.2-1
8.8.3 Commissioning EXPerience ......cuvvivmsenncncecneseceecenceneene 8.8.3-1
8.8.4 Sulfator Start-Up Heater Performance Test....occoceeicineeiinncnnee. 8.8.4-1
8.8.5 Other General Problems.......coorenieiiiiiniieiieriieeeerererenvee 8.8.5-1

Page iv




Power Systems Delivery System Contents
1996 Cemmissioning Report

8.9 Baghouse, Baghouse Ash Removal, and MWK Ash Storage System........ 8.9.1-1
8.9.1 Baghouse Commissioning REPOIT ....ceceereverercreeneesneeereesseseeraennens 8.9.1-1
8.9.2 Baghouse Ash Removal SYSteM ...ueceveueerreereereneerereseencenueseesvesenes 8.9.2-1
8.9.3 MWK ASh StOFage....cccoreeereverruenreencnienesereessnsessessacnenssessesessenns 8.9.3-1
8.10 Heat Transfer Fluid SYStem .c.cceverreeeerereneeecreneeerereesassesneessassssnenns 8.10.1-1
8.10.1 DESCIIPUIOM cuueeereeuressvrreeneeseserencsessnssseesasreserssasnsasssssnssssssnsans 8.10.1-1
8.10.2 Commissioning/ OpPeratiOnsS.....cceeeereeseeeseressesesseseesenaasesseressesaens 8.10.2-1
8.11 Medium- and Low-Pressure Nitrogen System........ccvseeereverereerereeneesennes 8.11.1-1
8.11.1 DESCIIPTION cucevuevercnrcrueresencntessasasanasssasasssesensssessssassssnsesessncssasases 8.11.1-1
8.11.2 Commissioning/Operating EXPerience.........ceceeeeeeeverveveseeeerencees 8.11.2-1
8.12 Propane SYSteML......c.ccvsereereeressesueressiseeessessssessesssssosesssossssssssasssssssssssasses 8.12.11
8.12.1 DESCIIPUION . .ucueuienirrreraressesessssesessosenssassesssssosesssssssassonsssensasosssess 8.12.1-1
8.12.2 Commissioning/ OPeratiOnS......ccceerrersreesessrssesasseeseessssassassassases 8.12.2-1
8.12.3 Performance During Normal Operations .......ceeeeeseeseescesessesnens 8.12.3-1
8.13 Service and Instrument AIr SYSIEM.....cceueeeerverueeerarereeseesaessacansonseseaeseas 8.13.1-1
8.13.1 DESCIIPUION ..uueeuerereurarerensacscenrenesecessesesssesesasansassnessesssnsasessesases 8.13.1-1
8.13.2 Commissioning/ OPeratiOns......ceceeeeeseeeessresercasesssesessenssssasens 8.13.2-1
8.14 Closed-Loop Cooling, Circulating, and Service Water Systems ............ 8.14.1-1
8.14.1 MWK Closed-Loop Cooling Water SYStem .....ccceceveeverereeseeceanens 8.14.1-1
8.14.2 SCS Closed-Loop Cooling Water SYStem......cceeveeeereecveruercesaesnse 8.14.2-1
8.14.3 Circulating Water SYSteml.....ccuieeeresieeerienssenseserescssessescssesessessens 8.14.3-1
8.14.4 Service Warter SYSTEMI cuceueeureereceernceureuenereeeeeesensenessessesaeeeseesenes 8.14.4-1
8.15 Waste Water Treatment/Chemical Injection.....cceeeeeeeeceeeresresrereeseaanene 8.15.1-1
8.15.1 DESCIIPUIOM..ucueinieriierirernessssesesssussessesssssasssasessostssestosssssssssssosssses 8.15.1-1
8.15.2 Commissioning/ OPeratiOnS.....ccecevesesescsesvesesessesesesssessssosssasscses 8.15.2-1
8.16 Station Service and Diesel GENerator..........ceoieueeeveceeerrererreeeereessessesens 8.16.1-1
8.16.1 STALION SEIVICE ..cueuruiceverirverusuecenesessecssencssessssossssssessissonsossssnsss 8.16.1-1
8.16.2 Diesel GENErator...cceiveeiecreveeceercenieaeraescenceseescesesasssensoncescsssssens 8.16.2-1
Page v

LR g T e T R 8 N e e A VY L e g P T g G T PR T, NmE Y T W SRy e p Y I . pep—p.  p————— p—_G, S W S ppr—, g e Vo e W Y WP, e gy e ————— - T




Contents Power Systems Delivery Facility
1996 Commissioning Report

8.17 Flare SYSTOIML uceureurieerreeeereneeeneeenceseesseesessteeaeseesseestesseneesensesmesasenessesses 8.17.1-1
8.17.1 DESCIIPUION.ccuucuucerrnrrrarecireesessisnmsassiossescsesssssasssssessosessoresssssssssns 8.17.1-1

8.17.2 Commissioning Tests/RUnS......ccccoeveeveceuemcreeeerenrscrcnienneecscencne 8.17.2-1

9.0 SUPPORT SERVICES ......cooteerereeereeeveeceeeteaeenceseteseeseceseessasasesonessesaseneesee 9.1.11
9.1 Data Management SYSTEINS «...ccvvererrerrerrnesmssessesssessessessrssessssssssesssssessesens 9.1.1-1

911 LIMS ceceerreeeereeessacsessesseeiassesnssesssassessasessssssamasssssnnsesasssosane 9.1.1-1

9,12 Plaeeeceeerrerererctrreecee st essaet s st sas s as s e ee s ssaas e ssateesassassaes 9.1.2-1

9.2 Operations and MaINTENANCE «.....c.ceueieriveirieremsnsseesesiesesessssssessossssssssosass 9.2.1-1

9.2.1 Ulrasonic Thickness Measurements........ceceveveresreesessesacsecersenns 9.2.1-1

9.2.2  Vibration MODITOTING cccerirreeriemirenuicneevsneearceseseeesssesssecesesssssoses 9.2.2-1

9.2.3  Thermal SCam .coovueieiecieirericrrcecteerceiecteteieesaeeeereseseseseses 9.2.3-1

9.3 DCS and PLC Configuration and SUPPOIT.....ccccueeierererereereeriercesssencsaescones 9.3-1

9.4 Environmental and Safety «....cocovcvviririniieininiiinnitct s 9.4.1-1

9.4.1 Environmental ......ciieininnininenenicnnssnesessssessnsssesesesenes 9.4.1-1

T 9.4.2-1

TERMS ceiiitieiirtnnentstentesecsstssestissessssssssssssesstsssssssssessssssossesssassssesassassns PSDF Terms-1

Page vi




Power Systems Delivery System Listing of Tables
1996 Commissioning Report

Listing of Tables
(Page 1 of 2)

Table Page
VOLUME 1
2.2-1 Major Equipment in the Transport Reactor Trainl c..c.cceeeceeevrccsuencenescnncns 2.3-3
2.22 Major Equipment in the Balance-of-Plant.....c.c.ccvveeeeriereeceesccenencenevracnnee 2.2-4
3-1 Operational Dates for Various Systems in the Transport Reactor Train

Along With Systems Associated With the Westinghouse PCD and

Balance-0f-PIant........covcecciececreniseeencccsescrcsencmincenesesesessnsscscssssesensssssscses 3.02
32 Chronology of Major Events During Installation, Checkout,

Shakedown, and Commissioning of Westinghouse PCD and

ASSOCIALEd SYSTEIMS.cuveveneirececucninictrnencrcssasnsnesesscsstsssassessasssasecsasssssssssssns 3.04
33 Chronology of Initial Commissioning and Characterization

TESE RUIS c.utitiirtieiciinirtitereinsinsntrsstsstsssesnssesssssssssssssssssessssosesosssssenssssssses 3.0-5
5.1.7-1  Results From Reactor Loop Skin Temperature SUrveys......c.cocecerceuraes 5.1.7-12
5.1.9-1  Results From Reactor Loop Skin Temperature Surveys.....cc.c.coeeeeeceuences 5.1.9-8
VOLUME 2
5.1.11A-1 Average Test CONAITIONS ..cccucurererereeecueeeecseseesnnsescscssesesssacscssensasans 5.1.11-6
5.1.11A-2 Sand Makeup INto ReEaCOr....ccccueueremreerennncriaineisetnnnescscceseseenescacssscses 5.1.11-6
5.1.11A-3 Summary of ReSUILS ....uccueiesieiereirectieeecreesnesecseesecsncsassesseesessessassssnsons 5.1.11-6
5.1.11B-1 Disengager Test Results (GEESI) ...cceueeeurracreercrerennsmccacseesceecsesonencace 5.1.11-7
5.2.1-1  Comparison of Heat Release Rates From Different Combustion

PIOCESSES weveevirrercrancruiitrsuicniesseisinsiesisserssessasssesssssssnsossessssssssssssssssssessssssss 5.2.1-4
6.1.6-1 CCT 1A RUD STATISTICS «.eveuemcvrscenenerseeseasesssseeassasassonsonssesconsessssesasssessescan 6.1.6-6
6.1.6-2  CCT1A Major Events (Refer to Figures 6.1.6-1 and -2) ..ceceveveeveeeceuencnnen 6.1.6-6
6.1.7-1 CCT 1B RUT STALISTICS ceevveuerrveenrencersensencosseseesessassssssassssesssssesasosesssassassnssons 6.1.7-4
6.1.7-2  CCT1B Major events (Refer to Figures 6.1.8-1 and -2) ..ccccevevveueveveeuenenen 6.1.7-4
6.1.8-1  CCT1C RUN STAUISTICS.c.ceuererursereereservesesssesessssessessssssesesssssssessosesnsssssossen 6.1.8-10
6.1.8-2  CCT1C Major Events (Refer to Figures 6.1.8-1 and -2) c.c.cevceverecenecncne 6.1.8-11

Page vii

T T A BT TEER S Y TR T T Y RS




Listing of Tables Power Systems Delivery Facility

Table

6.1.9-1
6.1.9-2

6.1.9-3

6.1.10-1
6.1.10-2
6.1.10-3
6.1.10-4

6.1.11-1
6.1.11-2

6.1.12-1
6.1.12-2
6.1.12-3
6.1.12-4

6.1.13-1
6.1.13-2

8.5.1-1
8.5.1-2

1996 Commissioning Report

Listing of Tables
(Page 2 of 2)

Page
Element Information for FL0301 Top Plenum ....ccceeeeeeeceercrueereencrunnens 6.1.9-2
Element Information for FL0301 Bottom Plenum Tubesheet ID
Numbers 1 through 30.......occ i eeesreete e seesenaes 6.1.9-3
Element Information for FL0301 Bottom Plenum Tubesheet ID
Numbers 31through 55....c..oiiiiireccccseeaes 6.1.9-4
CCT2A, Phase 1 RUI STATISTICS veervrrrrreerererrnreesssrereeessssresesesssssessesssnseens 6.1.10-6
CCT2A, Phase 1 Major Events (Refer to Figures 6.1.10-1 and -2) ........ 6.1.10-7
CCT2A, Phase 2 RUI STATISTICS cevevuvrreeerersrsurerssseseessssseseeesssssssessssssssesns 6.1.10-8
CCT2A, Phase 2 Major Events (Refer to Figures 6.1.10-3 and -4) ......... 6.1.10-8
CCT2B RUI STATISTICS . ceveuvereecvracrursucsaeserseesceseasestesseseesesssessasssoncossonsssecs 6.1.11-5
CCT2B Major Events (Refer to Figures 6.1.11-1 and -2) .c.ccceeveveucecneee. 6.1.11-5
CCT2C RUIN STATISTICS v.veeueereenirueraenersenserssecensseesensassessessssssscesessssassesssses 6.1.12-8
CCT2C Major Events (Refer to Figures 6.1.12-1 and -2) .....eeveeeueeenenee 6.1.12-8
Sampling Parameters and Process Conditions ........c.ceeeeeeercevesceveseerenene 6.1.12-9
Measured Particulate Loadings .....cceceeeereecercnereescneeceveseneneeseecescecees 6.1.12-9
CCT3 RUI STALISTICS ceveuvrueruerursssscssrssessoncsescsnssssessassossssessesnsssssassesssnes 6.1.13-4
CCT3 Major Events (Refer to Figures 6.1.15-1 and -2) ...c.cecevveeereeenenene 6.1.13-4
Process Gas Sampling System INStruments .....ceceeeeeeeereereresereesnesneesneans 8.5.1-2
Calibration Ranges for the GC....cocciieviiieiiieeieeeerieceeeeeeeeeeeeesveeaees 8.5.1-2

Page viii



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

Listing of Figures

Figure Page
VOLUME 1
1-1 Schematic Process Flow Diagram of the Transport Reactor Train............. 1.09
1-2 Combustion Test Runs With Hours of Solids Circulation and

COl FEOU....couvreerririniniiiiisietiecestetenseecscessasases e seasssssesenssesssanensssnsses 1.0-10
1-3 Cluster Being Lifted From the Specially Designed Levels of the

: Maintenance Bay .....cceceeerirreeneeereereseeressessseesessessasessessessessesessssnsesessesassans 1.0-11

2.2-1 Flow Diagram of the Transport Reactor Traifl ....c.ccececereereececrvrereesrssesesenes 2.27
5.1.2-1  Start-Up Burner Flow/Temperature for June 11 Through 15, 19%........ 5.1.2-3
5.1.2-2  Reactor Mixing Zone and Riser Temperatures for June 11

THEOUGH 15, 1996 .eeeeeeeeeeeeerececrtereetee e ensessssssesssssssssessssassnseseans 5.1.24
5.1.2-3  Standpipe/Dipleg Temperatures for June 11 Through 15, 19%............... 5.1.2-5
5.1.2-4  PCD Temperatures for June 11 Through 15, 1996 .....cccoveeevevrnrccccnec. 5.1.2-6
5.1.2-5  Reactor Pressure/Standpipe DP for June 11 Through 15, 19%............... 5.1.2-7
5.1.2-6  Reactor Flows for June 11 Through 15, 1996 .....cccereeeerncncecronnccceceuence 5.1.2-8
5.1.2-7  CO0201 System Profile for June 10 Through June 12, 199 ..........c........ 5.1.2-9
5.1.3-1  CO0201 System Profile for June 17 Through 20, 1996......c.ccceverenvereerenene 5.1.3-4
5.1.32  CO0201 Fourth-Stage Vane Position for June 17 Through 20, 19%.......5.1.3-5
5.1.3-3  Transport Air System for June 17 Through 20, 1996 .....cceceereeveeevceuenne 5.1.3-6
5.1.3-4  Coal Feed for June 17 Through 20, 1996 .....ccceereceocrscrererersersseneeneas 5.1.3-7

5.1.3-5  FDO0210 Conveying Line Pres/Flow for June 17 Through 20, 199%........ 5.1.3-8
5.1.3-6  Start-Up Burner Flow/Temperature for June 17 Through 20, 19%........ 5.1.3-9
5.1.3-7  System Pressures Downstream of PCD June 17 Through 20, 199%....... 5.1.3-10

5.1.3-8  Total Gas In/Out Flow Rates for June 17 Through 20, 19%................ 5.1.3-11
5.1.39  Reactor Mixing Zone and Riser Temperatures for 17

Through June 20, 1996......c e eeeeeeiinerreeenscecessceneesassossssesessasssas 5.1.3-12
5.1.3-10  Standpipe Temperatures for June 17 Through 20, 19%.......ccccecuverecces 5.1.3-13
5.1.3-11  Cyclone Dipleg Temperatures for June 17 Through 20, 19% ............... 5.1.3-14
5.1.3-12  Temperature Profiles Downstream of Reactor for June 17

Through 20, 1996 ... eieeeeeeeceeceeciereeieseeonsteeeeseenssassesessssasesensesseses 5.1.3-15
5.1.3-13  System Temperatures Downstream of PCD for June 17

Through 20, 1996 ... eerceeneerenienseneearenenneneesessesscsssesasssosssanaessessses 5.1.3-16
5.1.3-14 Mixing Zone DP Profile for June 17 Through 20, 1996 ........cccecvecece-e. 5.1.3-17
5.1.3-15  Reactor Pressure/Riser DP Profiles for June 17 Through 20, 19%....... 5.1.3-18
5.1.3-16  Standpipe DP Profiles for June 17 Through 20, 19%.........cccceueueuccuceee. 5.1.3-19
5.1.3-17 FDO0510 Temperature Profiles for June 17 Through 20, 19%................ 5.1.3-20

Page ix




Listing of Figures Power Systems Delivery Facility

5.1.3-18

5.1.3-19

5.1.41
5.1.42
5.1.43
5.1.4-4
5.1.4-5
5.1.4-6
5.1.47

5.1.4-8

5.1.49

5.1.4-10

5.1.4-11
5.1.4-12
5.1.4-13

5.1.4-14

5.1.415
5.1.4-16

51417
5.1.4-18

5.1.51
5.1.5-2
5.1.5-3
5.1.5-4
5.1.5-5

5.1.5-6

5.1.57
5.1.5-8

5.1.59
5.1.5-10

1996 Commissioning Report

Steam Drum Pressure and BEW Temperature for 17 Through

JUDNE 20, 1996ttt ettt ses s e 5.1.3-21
Baghouse Temperatures and Differential Pressure for June 17

Through June 20, 1996 .....cooiririieieccreieeintetrceeccscssessesaessenaes 5.1.3-22
C00201 System Profile for June 27 Through July 1, 19%.......ccceceeuuence. 5.1.4-6
Recycle Gas System Temperatures for June 27 Through July 1, 1996.....5.1.4-7
Recycle Gas System Pressure for June 27 Through July 1, 1996 ............. 5.1.4-8
Transport Air System for June 27 Through July 1, 1996 ........ccccueuu.ne. 5.1.4-9
Coal Feed for June 27 Through July 1, 1996 .....ccoirvirneincnineceeeanene 5.1.4-10
Sorbent Feed for June 27 Through July 1, 1996 .....cocevervinciicveannen. 5.1.4-11
Start-Up Burner Flow/Temperature for June 27 Through

JULY 1, 1996 rreeeeeee e eeeeeeeseseeseeeeeemeeeesesseesesemaesosssseneesssensssssesvensensen 5.1.4-12
System Pressures Downstream of PCD for June 27 Through

JULY 1, 1996 ceveveemeemeseeeeeeeseeeerevmmmmmesssssesesesesveesesmsesmsssssessssesssesssssmmmnsson 5.1.4-13
Total Gas In/Out Flow Rates for June 27 Through July 1, 19%.......... 5.1.4-14
Reactor Mixing Zone and Riser Temperatures for June 27

Through JUly 1, 1996 ... ettt cesseeseeseseesecsnessssansaeans 5.1.4-15
Standpipe Temperatures for June 27 Through July 1, 19%................... 5.1.4-16
Cyclone Dipleg Temperatures for June 27 Through July 1, 19%6 ......... 5.1.4-17
Temperature Profiles Downstream of Reactor for June 27

Through July 1, 1996 e eeeeeitccceeeeecvenceseeceaescsseesenssseans 5.1.4-18
System Temperatures Downstream of PCD for June 27

Through July 1, 1996 ...ttt 5.1.4-19
Mixing Zone DP Profile for June 27 Through July 1, 19% .................. 5.1.4-20
Reactor Pressure/Riser DP Profiles for June 27 Through

JUIY 1, 1996 .ttt se e st st s e saesns 5.1.4-21
Standpipe DP Profiles for June 27 Through July 1, 19%...........ccccu...... 5.1.4-22
CY0201 Dipleg DP Profiles for June 27 Through July 1, 19% ............. 5.1.4-23
CO0201 System Profile for July 22 Through 24, 19%..........ccccceuvuruecnee. 5.1.57
Transport Air System for July 22 Through 24, 1996.....coeeveeencrsceceveenene 5.1.5-8
Coal Feed for July 22 Through 24, 1996......ccovrveeveveeecnerereeerecrenceaeecs 5.1.5-9
Sorbent Feed for July 22 Through 24, 1996......cccceeeeevererereeencrrcceneane 5.1.5-10
Start-Up Burner Flow/Temperature for July 22

Through 24, 1996.......eieieececieeietesnenseseteseesesscssesessessessesossons 5.1.5-11
System Pressures Downstream of PCD for July 22

Through 24, 1996..... ettt steeeseeeesteseecsassessesesseesessessns 5.1.5-12
Total Gas In/Out Flow Rates for July 22 Through 24, 19% ................ 5.1.5-13
Reactor Mixing Zone and Riser Temperatures for July 22

Through 24, 1996 eeicieeieeicieeeeienetiseeseesesacsnsssessesesasssessossons 5.1.5-14
Standpipe Temperatures for July 22 Through 24, 1996 ......c.cocevrevueencne. 5.1.5-15
Cyclone Dipleg Temperatures for July 22 Through 24, 19%................ 5.1.5-16

Page x



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

5.1.5-11 Temperature Profiles Downstream of Reactor for July 22
Through 24, 1996 ...ecee et eeceeesteaesasstsseseeate e sesaesessnsans 5.1.5-17
5.1.5-12 PCD Ash Temperatures for July 22 Through 24, 199 ........ccccoveeverueen. 5.1.5-18
5.1.5-13  System Temperatures Downstream of PCD for July 22
Through 24, 1996 eeirricticieerreceesneeeeseesesneseessesessenessessennns 5.1.5-19
5.1.5-14  Reactor Pressure/Riser DP Profiles for July 22 Through 24, 199%........ 5.1.5-20
5.1.5-15  Standpipe DP Profiles for July 22 Through 24, 1996......ccccceveverneevucee. 5.1.5-21
5.1.5-16  CY0201 Dipleg DP Profiles for July 22 Through 24, 19%.................... 5.1.5-22
5.1.5-17  FDO0520 Pressures for July 22 Through 24, 1996.......cccceeevreveeerervecrennnn 5.1.5-23
5.1.5-18  FDO0530 Feeder for July 22 Through 24, 1996......ccccveeerrreeceererecverrerene 5.1.5-24
5.1.5-19  CO0201 System Profile for July 25 Through 27, 1996 .....ccceeeeeverreeunes 5.1.5-25
5.1.5-20  Transport Air System for July 25 Through 27, 1996....cccccevnevieuennnne.. 5.1.5-26
5.1.5-21 Coal Feed for July 25 Through 27, 1996....ueoeeeeeeeeeeeeeeeeeeeeeeeee 5.1.5-27
5.1.5-22  Sorbent Feed for July 25 Through 27, 1996......coeeeeeveverrereecenreecrenrerens 5.1.5-28
5.1.5-23  Start-Up Burner Flow/Temperature for July 25
T Through 27, 1996 . eeeecceereereeerireseneeeessssssssssssesssnsssrassssssssssesssssassans 5.1.5-29
5.1.5-24  System Pressures Downstream of PCD for July 25
ThIOUGH 27, 1996 .. eeeeeieeieieeeetenentcteeeieete et atesesasaneasessesesensaanas 5.1.5-30
5.1.5-25 Total Gas In/Out Flow Rates for July 25 Through 27, 19%................. 5.1.5-31
5.1.5-26  Reactor Mixing Zone and Riser Temperatures for July 25
TRIOUGH 27, 1996 ..uceeeeeeeievrreeeeservenronenssrassssssessessssssssossssessassessassassennsns 5.1.5-32
5.1.5-27  Standpipe Temperatures for July 25 Through 27, 1996 .........c.cccecvuuu-... 5.1.5-33
5.1.5-28 Cyclone Dipleg Temperatures for July 25 Through 27, 199%................ 5.1.5-34
5.1.529 Temperature Profiles Downstream of Reactor for July 25
THIOUgh 27, 1996 . ceeeeievrereieeneeeaeieereanceeresssaressesssssssesssssasassasnses 5.1.5-35
5.1.5-30 PCD Ash Temperatures for July 25 Through 27, 1996 ..........cccceeeene... 5.1.5-36
5.1.5-31  System Temperatures Downstream of PCD for July 25
ThIOUGH 27, 1996 .. eeereeeieeeercerneeceeeenesaeeseressessesnesassnessessessessassasaens 5.1.5-37
5.1.5-32  Reactor Pressure/Riser DP Profiles for July 25 Through 27, 199%........ 5.1.5-38
5.1.5-33  Standpipe DP Profiles for July 25 Through 27, 1996.......cccceevvereeeenee. 5.1.5-39
5.1.5-34  CY0201 Dipleg DP Profiles for July 25 Through 27, 199%.................... 5.1.5-40
5.1.5-35  FDO0520 Pressures for July 25 Through 27, 1996.....cceecereeverecrercencaenenes 5.1.5-41
5.1.5-36  FDO0530 Feeder for July 25 Through 27, 1996......cceeieeceeeeeeencenaenannns 5.1.5-42
5.1.6-1  Reactor Flows for July 31 Through August 2, 1996 .....ccoveeeevevreeccerencnc 5.1.67
5.1.62  Start-Up Burner Flow/Temperatures for July 31 Through
AUGUSE 2, 19%6.eneeenecnieitiettetictitrsterscsiacssssssss st s sssssssnsesssens 5.1.6-8
5.1.6-3  Reactor Mixing Zone and Riser Temperatures for July 31
Through August 2, 1996 ....eiiriccneeiniceccssiisisissssesesescsssssassons 5.1.69
5.1.6-4  Standpipe/Dipleg Temperatures for July 31 Through
AUGUSE 2, 19%6.cnncerinriiitiretietictrticttctectneresesssse s ess st sssessseessasans 5.1.6-10
5.1.6-5  PCD Temperatures for July 31 Through August 2, 19%..........ccceeueu.... 5.1.6-11
Page xi

T L o T T TR T T T T TTEEYTT AT



Listing of Figures Power Systems Delivery Facility

5.1.6-6

5.1.6-7
5.1.6-8
5.1.6-9
5.1.6-10
5.1.6-11

5.1.6-12

5.1.6-13

5.1.6-14
5.1.6-15

5.1.6-16
5.1.6-17
5.1.6-18
5.1.6-19
5.1.6-20
5.1.6-21
5.1.6-22
5.1.6-23
5.1.6-24
5.1.6-25

5.1.7-1
51.7-2
5.1.7-3
5.1.74
5.1.7-5
5.1.7-6

5.1.7.7

5.1.7.8
5.1.7-9

5.1.7-10
5.1.7-11
5.1.7-12

5.1.7-13

1996 Commissioning Report

Reactor Pressure/Standpipe DP for July 31 Through

AUGUST 2, 1996 ..ottt 5.1.6-12
Outlet Gas Compositions for July 31 Through August 2, 19%............ 5.1.6-13
PCD Pulse System Pressures for July 31 Through August 2, 19%........ 5.1.6-14
PCD Differential Pressures for July 31 Through August 2, 19%.......... 5.1.6-15
Reactor Flows for August 3 Through August 5, 1996 .....c.couevericcnninen. 5.1.6-16
Start-Up Burner Flow/Temperature for August 3 Through

AUGUSE 5, 1996 oveveveeeeeeeeeeeememsemmssmesssssssssssossessssssssessessesrssomssmmmsamenesssss 5.1.6-17
Reactor Mixing Zone and Riser Temperatures for August 3

Through August 5, 1996 ...ttt sesssasseas 5.1.6-18
Standpipe/Dipleg Temperatures for August 3 Through

AUGUSE 5, 1996 oveveereeeoeeeeemmessssmessmssssssssosssssssssssssssssssseessssessssmmsmsmmmmmssss 5.1.6-19
PCD Temperatures for August 3 Through August 5, 19%................... 5.1.6-20
Reactor Pressure/Standpipe DP for August 3 Through

AUGUSE 5, 1996 ..t 5.1.6-21
QOutlet Gas Compositions for August 3 Through August 5, 19%.......... 5.1.6-22
PCD Differential Pressures for August 3 Through August 5, 19%....... 5.1.6-23
PCD Pulse System Pressures for August 3 Through August 5, 19%6.....5.1.6-24
Sorbent Feed for August 3 Through August 5, 1996 ...cccoveeeueercccceencns 5.1.6-25
PV287 Erosion (VIEW 1 0f 4) ccccevvvuivivcincininennscnentisisecnsescssessencssns 5.1.6-26
PV287 Erosion (VIEW 2 0f 4) c.covceeivenieerrreeseneesineeecneeeeeeescnesesacesennes 5.1.6-26
PV287 Erosion (VIEW 3 0f 4) ccoeevueneerinrreneenirceeeneneeneenneneetescnessecscsnes 5.1.6-26
PV287 Erosion (VIEW 4 Of 4) .cceeceuecereeencenenenceceescneseeescenesceescnes 5.1.6-26
FD0220 Vent ValVe .....ceieenininiiinsineinieveseessoseresesiesssscsessosssasn 5.1.6-26
FDO0210 Vent Valve ....coiiieieeiccnnteceseeeeeeeeenaesseseeseencsaessesaesees 5.1.6-26
CO0201 System Profile for August 14 Through 16, 19% ......ccceceueeencn. 5.1.7-13
Transport Air System for August 14 Through 16, 19%.........cccoveueunce. 5.1.7-14
Coal and Sorbent Silo Levels for August 14 Through 16, 19%............. 5.1.7-15
Coal Feed for August 14 Through 16, 1996......ccoivirrineivnsenrcncrecsunnene 5.1.7-16
Sorbent Feed for August 14 Through 16, 1996......cccvveerneeneccrceencen. 5.1.7-17
Start-Up Burner Flow/Temperature for August 14 Through

16, 1996 ceieennrnncsrcnnettttentettetsssssssaseesatssts s sesessssssss s babb s et s e s s sesnas 5.1.7-18
System Pressures Downstream of PCD for August 14 Through

16, 1996 ceieeiiccciieecsstutiessssseeescesassssessssasnessssssssassassssastasesasasansaes 5.1.7-19
Total Gas In/Out Flow Rates for August 14 Through 16, 199%............ 5.1.7-20
Reactor Mixing Zone and Riser Temperatures for August 14

Through 16, 1996......ccriiinriintiineentesssissiseisssssertesssssssessesennes 5.1.7-21
Standpipe Temperatures for August 14 Through 16, 19% .................... 5.1.7-22
Cyclone Dipleg Temperatures for August 14 Through 16, 19%........... 5.1.7-23
Temperature Profiles Downstream of Reactor for August 14

TRIOUER 16, 1996.enneveeemerereeemmeeeosesessssmmssssesmesessssssssseesssesssesmmeseee 5.1.7-24
PCD Ash Temperatures for August 14 Through 16, 19% .................... 5.1.7-25

Page xif



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

5.1.7-14

5.1.7-15

5.1.7-16
5.1.7-17
5.1.7-18
5.1.7-19
5.1.7-20
5.1.7-21
5.1.7-22
5.1.7-23
5.1.7-24
5.1.7-25
5.1.7-26
5.1.7-27

5.1.7-28
5.1.7-29
5.1.7-30
5.1.7-31
5.1.7-32
5.1.7-33

5.1.7-34

5.1.7-35
5.1.7-36

5.1.7-37
5.1.7-38
5.1.7-39

5.1.7-40
5.1.7-41

5.1.7-42

5.1.7-43
5.1.7-44
5.1.7-45
5.1.7-46
5.1.7-47

System Temperatures Downstream of PCD for August 14

Through 16, 1996 ...ttt eeetste et ce s e sesse s s s reanesens 5.1.7-26
Reactor Pressure/Riser DP Profiles for August 14 Through

16, 1996 c.nneeetrireecriicttrnntccsecetttssseseasesasesassesessasessssessasassassssnssnserasases 5.1.7-27
Standpipe DP Profiles for August 14 Through 16, 1996........cccoeeereuenee. 5.1.7-28
CY0201 Dipleg DP Profiles for August 14 Through 16, 19%............... 5.1.7-29
O,, SO,, and NOy Analyzers for August 14 Through 16, 19%............. 5.1.7-30
CO and H,0 Analyzer for August 14 Through 16, 19%...................... 5.1.7-31
FDO0510 Temperature Profiles for August 14 Through 16, 19%............ 5.1.7-32
FD0206 Pressure Profiles for August 14 Through 16, 19%................... 5.1.7-33
FDO0520 Pressures for August 14 Through 16, 19%........ccceecvrrrerrnnnn. 5.1.7-34
FDO0530 Feeder for August 14 Through 16, 1996......ccceeruevrrererrrnnnn. 5.1.7-35
FDO0530 Feeder for August 14 Through 16, 1996......ccceceveeuvreeerreevernne. 5.1.7-36
PCD Temperatures for August 14 Through 16, 19%..........cccoeeeuenn.... 5.1.7-37
PCD Differential Pressures for August 14 Through 16, 19%................ 5.1.7-38
PCD Pressure and Pulse Pressure for August 14 Through

16, 1996 c.neeeiireceeeneetinenticnecsarestensesasessasasssaasaseseasasessasansensassasesanans 5.1.7-39
C00201 System Profile for August 17 Through 19, 199 ..................... 5.1.7-40
Transport Air System for August 17 Through 19, 19%6.......cccuceveune.. 5.1.7-41
Coal and Sorbent Silo Levels for August 17 Through 19, 19% ............. 5.1.7-42
Coal Feed for August 17 Through 19, 1996.......ccvevrveveerererereerereecsrerenns 5.1.7-43
Sorbent Feed for August 17 Through 19, 1996 .....cceceeeeeeecereerecrerennenens 5.1.7-44
Start-Up Burner Flow/Temperature for August 17 Through

195 1996 aeeeerteertecterrttcatnttcstt st nessese e sssssesase s sasssnte s s s e e sanaes 5.1.7-45
System Pressures Downstream of PCD for August 17 Through

19, 1996 ettt trence st s sasssae s s s aesnae s e s e nsesaaann 5.1.7-46
Total Gas In/Out Flow Rates for August 17 Through 19, 19%............ 5.1.7-47
Reactor Mixing Zone and Riser Temperatures for August 17

Through 19, 1996 ...uceieeicceeceeeeeeeerecesesistsesssesssssssasesesasssasasassens 5.1.7-48
Standpipe Temperatures for August 17 Through 19, 19% .................... 5.1.7-49
Cyclone Dipleg Temperatures for August 17 Through 19, 19%........... 5.1.7-50
Temperature Profiles Downstream of Reactor for August 17

ThIough 19, 1996 e eeecteseereeestesieeneseseesessssansse s esesaessesansensen 5.1.7-51
PCD Ash Temperatures for August 17 Through 19, 199%6.........cuucu...... 5.1.7-52
System Temperatures Downstream of PCD for August 17

THrough 19, 1996 . ieeececeeceerteeneecrinenceentsssssessssssssasasasnssssssesens 5.1.7-53
Reactor Pressure/Riser DP Profiles for August 17 Through

19, 1996 ettt ar e s as s nees s s ne s e s s asesuananns 5.1.7-54
Standpipe DP Profiles for August 17 Through 19, 19%......ccceveeeeeenenne. 5.1.7-55
CY0201 Dipleg DP Profiles for August 17 Through 19, 19%............... 5.1.7-56
O,, SO,, and NOy Analyzers for August 17 Through 19, 199%............. 5.1.7-57
CO and H,O Analyzer for August 17 Through 19, 19%.........ccccoeuue... 5.1.7-58
FDO0510 Temperature Profiles for August 17 Through 19, 19%............ 5.1.7-59

Page xifi

AT AT R TIENY e T TR TNy T T T P Sy e y—— & t

I T ot e e e e e TNy~ T ———— . e -



Listing of Figures Power Systems Delivery Facility

5.1.7-48
5.1.7-49
5.1.7-50
5.1.7-51
5.1.7-52
5.1.7-53
5.1.7-54
5.1.7-55
5.1.7-56
5.1.7-57
5.1.7-58
5.1.7-59
5.1.7-60
5.1.7-61

5.1.7-62
5.1.7-63

5.1.7-64
5.1.7-65
5.1.7-66

5.1.7-67
5.1.7-68

5.1.7-69

5.1.7-70
5.1.7-71
5.1.7-72
5.1.7-73
5.1.7-74
5.1.7-75
5.1.7-76
5.1.7-77
5.1.7-78
5.1.7-79
5.1.7-80
5.1.7-81
5.1.7-82
5.1.7-83
5.1.7-84

1996 Commissioning Report

FD0206 Pressure Profiles for August 17 Through 19, 19%................... 5.1.7-60
FD0520 Pressures for August 17 Through 19, 19%6......ccccevrninrnnnnnen. 5.1.7-61
FDO0530 Feeder for August 17 Through 19, 1996.......ccorinieinnrnrnnnnnnns 5.1.7-62
FD0530 Feeder for August 17 Through 19, 1996.....cccceviiinninnnnnns 5.1.7-63
PCD Temperatures for August 17 Through 19, 1996......ccoeeennnneee. 5.1.7-64
PCD Differential Pressures for August 17 Through 19, 19%................ 5.1.7-65
PCD Pressure and Pulse Pressure for August 17 Through 19, 19% ......5.1.7-66
C00201 System Profile for August 20 Through 23, 1996 ..................... 5.1.7-67
Transport Air System for August 20 Through 23, 19%....................... 5.1.7-68
Coal and Sorbent Silo Levels for August 20 Through 23, 19%.............. 5.1.7-69
Coal Feed for August 20 Through 23, 1996.......comreeireniiiinneee 5.1.7-70
Sorbent Feed for August 20 Through 23, 1996.......civvivrenrrnnnne. 5.1.7-71

Start-Up Burner Flow/Temperature August 20 Through 23, 19%....... 5.1.7-72
System Pressures Downstream of PCD for August 20

Through 23, 1996...c.uumieiiietiiereieeeietente ettt 5.1.7-73
Total Gas In/Out Flow Rates for August 20 Through 23, 19%............ 5.1.7-74
Reactor Mixing Zone and Riser Temperatures for August 20

Through 23, 1996...c..cirieiicteeiee ettt 5.1.7-75
Standpipe Temperatures for August 20 Through 23, 19%.................... 5.1.7-76
Cyclone Dipleg Temperatures for August 20 Through 23, 19%........... 5.1.7-77
Temperature Profiles Downstream of Reactor for August 20

TRIOUER 23, 1996 eeommreeeersossesssmeseeesesssssssssessssssssasesssessssssssssssssee 5.1.7-78
PCD Ash Temperatures for August 20 Through 23, 19%..................... 5.1.7-79
System Temperatures Downstream of PCD for August 20

Through 23, 1996...c..ceieenieteeteee ettt et esae e 5.1.7-80
Reactor Pressure/Riser DP Profiles for August 20 Through

23, 1996 eeeecceenttett sttt es s s s e s s e s s a s s s s asa s e s s s baets 5.1.7-81
Standpipe DP Profiles for August 20 Through 23, 19%........................ 5.1.7-82
CY0201 Dipleg DP Profiles for August 20 Through 23, 19%............... 5.1.7-83
0,, SO,, and NOy Analyzers for August 20 Through 23, 19%............ 5.1.7-84
CO and H,O Analyzer for August 20 Through 23, 19%.........ccucuce.... 5.1.7-85
FDO0510 Temperature Profiles for August 20 Through 23, 19% ........... 5.1.7-86
FDO0206 Pressure Profiles for August 20 Through 23, 19%................... 5.1.7-87
FD0520 Pressures for August 20 Through 23, 19%.......cocvervvenvruevenne. 5.1.7-88
FDO0530 Feeder for August 20 Through 23, 19%........coovemieermeererennnne. 5.1.7-89
FDO0530 Feeder for August 20 Through 23, 19%........ccvererevnnnee. 5.1.7-90
PCD Temperatures for August 20 Through 23, 1996.......cceeeenunene. 5.1.7-91
PCD Differential Pressures for August 20 Through 23, 19%................ 5.1.7-92
PCD Pressure and Pulse Pressure for August 20 Through 23, 199 ......5.1.7-93
Coal and Dolomite Solids Size Distribution Run CCT1C.................... 5.1.7-94
Solids Size Distribution Run CCT1C August 16 to 19, 19%................ 5.1.7-95
Solids Size Distribution Run CCT1C August 20 to 21, 19%................ 5.1.7-96

Page xiv



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

5.1.8-1  CO0201 System Profile for September 27 Through 30, 19%.................. 5.1.8-6
5.1.8-2  Total Gas In/Out Flow Rates for September 27 Through 30, 19% ........ 5.1.87
5.1.8-3  Reactor Mixing Zone and Riser Temperatures for September 27
Through 30, 1996....cceivercerieentrcereesresesessseseessnrossaceseesesassssosseseses 5.1.8-8
5.1.8-4  Standpipe Temperatures for September 27 Through 30, 19%................. 5.1.89
5.1.8-5  Cyclone Dipleg Temperatures for September 27 Through 30, 199......5.1.8-10
5.1.8-6  Temperature Profiles Downstream of Reactor for September 27
Through 30, 1996 .....cceveieeeereeeeneenrieineeieaesesssssssesessesseasesessssesnsassasses 5.1.8-11
5.1.87  System Temperatures Downstream of PCD for September 27
THrough 30, 1996 ... eeeeieceseeieieeecteaeeceeneeastesee e sae s e sataesasanes 5.1.8-12
5.1.8-8  Reactor Pressure/Riser DP Profiles for September 27 Through
September 30, 1996 .....uereeerrceecreecereeeneeeenrcsceseasssacssesasaaseesenessenes 5.1.8-13
5.1.819  CO0201 System Profile for October 2 Through October 6, 199%......... 5.1.8-14
5.1.8-10  Transport Air System for October 2 Through October 6, 19%............ 5.1.8-15
5.1.8-11  Start-Up Burner Flow Temperature for October 2 Through
T OCLODEL 6, 196.eeereeereeereeeereeverreesseesersesseessesssesssessasssessesessessssesnsenses 5.1.8-16
5.1.8-12  System Pressures Downstream of PCD for October 2 Through
OCLODET 6, 1996.....ueeeeeeeeeeeeecrteeeteeceeteseseesneeessssssssessssssesssnsssssssnsessases 5.1.8-17
5.1.8-13  Total Gas In/Out Flow Rates for October 2 Through 6, 19%.............. 5.1.8-18
5.1.8-14  Reactor Mixing Zone and Riser Temperatures for October 2
Through OCtober 6, 1996 ....c.oucvreeireneeruererecrereseeseeessaesessssessessossens 5.1.8-19
5.1.8-15  Standpipe Temperatures for October 2 Through October 6, 19%........ 5.1.8-20
5.1.8-16  Cyclone Dipleg Temperatures for October 2 Through
OCLODEY 6, 1996..uneeeereereeerreereeereressressseesssssssesssesssessssessesesssssssssssesssssssnes 5.1.8-21
5.1.8-17 Temperature Profiles Downstream of Reactor for October 2
Through October 6, 1996 ....coucmeevreeierieeieeeeieeeeeseeeecseneeeeeassaescensanes 5.1.8-22
5.1.8-18 PCD Ash Temperatures for October 2 Through October 6, 19%........ 5.1.8-23
5.1.8-19  System Temperatures Downstream of PCD for October 2
Through October 6, 1996 .....coeevmiirieennnecirnsnesenceersesssesesessssssssscas 5.1.8-24
5.1.8-20 Mixing Zone DP Profile for October 2 Through October 6, 19%........ 5.1.8-25
5.1.8-21  Reactor Pressure/Riser DP Profiles for October 2 Through
OCLODET 6, 1996.ccuueiriecrirencerrreissscenencscsnsesssnensssscsessssssssssassssasnsssessacans 5.1.8-26
5.1.8-22  Standpipe DP Profiles for October 2 Through October 6, 19% ........... 5.1.8-27
5.1.8-23  CY0201 Dipleg DP Profiles for October 2 Through October 6, 1996 ..5.1.8-28
5.1.8-24 CO0201 System Profile for October 14 Through October 17, 1996 .....5.1.8-29
5.1.8-25 Transport Air System for October 14 Through October 17, 19%........ 5.1.8-30
5.1.8-26  Start-Up Burner Flow/Temperature for October 14 Through
OCLODET 17, 1996..eeeeeeeereeeeeeesteeceseessseessssassssnsssssssassssssssssssnsesssssases 5.1.8-31
5.1.8-27  System Pressures Downstream of PCD for October 14 Through
OCTODET 17, 1996..c..ceeeecerrcecreiscnesiiesesesssesssssssssissasssesssssessssssssssasesss 5.1.8-32
5.1.8-28 Total Gas In/Out Flow Rates for October 14 Through 17, 199%.......... 5.1.8-33
5.1.8-29  Reactor Mixing Zone and Riser Temperatures for October 14
Through October 17, 1996...... . ieciieiiceniercsssenssseessenssesnennens 5.1.8-34
Page xv

G { YT T T AR

AN

e O NG VAR = 2ok 4 COLI NS 4 Ot A

TES TR RN -
R AN S-St N . et T el



Listing of Figures Power Systems Delivery Facility

5.1.8-30
5.1.8-31
5.1.8-32

5.1.8-33
5.1.8-34

5.1.8-35
5.1.8-36

5.1.8-37
5.1.8-38
5.1.8-39
5.1.8-40

5.1.8-41

5.1.8-42
5.1.8-43
5.1.8-44
5.1.8-45
5.1.8-46
5.1.8-47

5.1.9-1
5.1.9-2
5.1.9-3
5.1.9-4
5.1.9-5

5.1.9-6

5.1.9-7
5.1.9-8

5.1.99
5.1.9-10
5.1.9-11

5.1.9-12
5.1.9-13

5.1.9-14
5.1.9-15

1996 Commissioning Report

Standpipe Temperature for October 14 Through October 17, 1996 .....5.1.8-35
Cyclone Dipleg Temperatures for October 14 Through 17, 19%......... 5.1.8-36
Temperature Profiles Downstream of Reactor for October 14

Through October 17, 1996 .....covuviecereeiiriieicicerteeerisiisessessisenens 5.1.8-37
PCD Ash Temperatures for October 14 Through October 17, 1996....5.1.8-38
System Temperatures Downstream of PCD for October 14

Through October 17, 1996 .....cocininririiniinerncicieicecssescsseseaesaens 5.1.8-39
Mixing Zone DP Profile for October 14 Through October 17, 1996....5.1.8-40
Reactor Pressure/Riser DP Profiles for October 14 Through

(@517} o1 o VAR U1 LSRR 5.1.8-41
Standpipe DP Profiles for October 14 Through 17, 19%.........c..cccuue. 5.1.8-42
CY0201 Dipleg DP Profiles for October 14 Through 17, 19%............. 5.1.8-43
FD0510 Temperature Profiles for October 14 Through 17, 199 ......... 5.1.8-44
FD0206 Pressure Profiles for October 14 Through 17, 19%................. 5.1.8-45
FDO0520 Pressures for October 14 Through 17, 1996.....ccccovrvicevcncancene. 5.1.8-46
FD0530 Feeder for October 14 Through 17, 1996......ccccevueevureccrcacnncncn. 5.1.8-47
FD0530 Feeder for October 14 Through 17, 1996.......cccvurvinvincnnnnnncn. 5.1.8-48
Disengager Cone Covered With DepOSItS ....c.cecceeveecveerrcrecccrrenrieniennueans 5.1.8-49
Disengager Cone After Removal of Deposits......ccceeeevereeeeeeerervccecerncennens 5.1.8-49
Primary Cyclone Showing Deposit Behind the Gas Outlet Tube.............. 5.1.8-50
Primary Cyclone After Removal of Deposits.....cccceeeeeevereenvercercrcccenncecene 5.1.8-50
CO0201 System Profile for November 3 Through 7, 1996 .....cccccceveucuuene 5.1.9-9
Transport Air System for November 3 Through 7, 19%...................... 5.1.9-10
Coal Feed for November 3 Through 7, 1996.......ccocivinvisucnvnenvecnnens 5.1.9-11
Sorbent Feed for November 3 Through 7, 1996.......cccocnimvceurrevunrcnnens 5.1.9-12
Start-Up Burner Flow/Temperature for November 3

TRIOUGH 7, 1996 c..eeeeeeetcteecietcteeeeesee e cesssncssensssesnsecsssonsas 5.1.9-13
System Pressures Downstream of PCD for November 3

THIOUZH 7, 1996 .eeeeeeeeeeeeeneeciereeesesteseanansesessessnostesessonsasssssassenes 5.1.9-14

Total Gas In/Out Flow Rates for November 3 Through 7, 199 ......... 5.1.9-15
Reactor Mixing Zone and Riser Temperatures for November 3

TRIOUGH 7, 1996 cecueeirieeeeeiceticcntcierncccsceeesecsesnsesssssesssssesessssssasas 5.1.9-16
Standpipe Temperatures for November 3 Through 7, 19%................... 5.1.9-17
Cyclone Dipleg Temperatures for November 3 Through 7, 19%......... 5.1.9-18
Temperature Profiles Downstream of Reactor for November 3

TRIOUGH 7, 1996 «eeeieeeeeseeeeceeteeetnaeeesesceeeseesessesenasnsosesasassens 5.1.9-19
PCD Ash Temperatures for November 3 Through 7, 19%................... 5.1.9-20
System Temperatures Downstream of PCD for November 3

THIOUZH 7, 1996 ..eeeeeeeecerceeneiteentearacaensneneesssenssnenenaensssesssnssssss 5.1.9-21
Mixing Zone DP Profile for November 3 Through 7, 19%.................. 5.1.9-22
Reactor Pressure/Riser DP Profiles for November 3 Through
730996ttt ettt st es s s aas s s a s s s a s b s aes 5.1.9-23

Page xvi



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

5.1.9-16
5.1.9-17
5.1.9-18
5.1.9-19
5.1.9-20
5.1.9-21
5.1.9-22

5.1.9-23
5.1.9-24
5.1.9-25
5.1.10-1
5.1.10-2
5.1.10-3
5.1.10-4
5.1.10-5
5.1.10-6
5.1.10-7
5.1.10-8

5.1.10-9
5.1.10-10

5.1.10-11

5.1.10-12
5.1.10-13

5.1.10-14
5.1.10-15

5.1.10-16
5.1.10-17

5.1.10-18
5.1.10-19

Standpipe DP Profiles for November 3 Through 7, 19%...................... 5.1.9-24
CY0201 Dipleg DP Profiles for November 3 Through 7, 19%............. 5.1.9-25
O,, SO,, and NOy Analyzers for November 3 Through 7, 19% .......... 5.1.9-26
FD0520 Pressures for November 3 Through 7, 19%.......ccoeeevercrunucne 5.1.9-27
FD0530 Feeder for November 3 Through 7, 1996.......ccceoeeveveecerueerenacs 5.1.9-28
FDO0530 Feeder for November 3 Through 7, 1996.......cccooeveeevenecirenuencne 5.1.9-29
Feed Sand and PCD Solids Particle Size Distribution on

INOVEIMDET 4, 1996..uueeeeereeeeeererrereeerreeeessesssesssesssersessssssseessesssessssssnes 5.1.9-30
Feed Sand and PCD Solids Particle Size Distribution on

INOVEIMDET 4, 19T6.ereeeeeeeeeerieecreeeetreecseesssresssssesssssesssssssssssssessssassnses 5.1.9-31
Standpipe and PCD Solids Particle Size Distribution on

INOVEMDET 5, 1996....eveeereeerreereerveeseeerseessressssesssessseessssassssessssesssenssenes 5.1.9-32
PCD Solids Particle Size Distribution on November 6 and 7, 1996 ......5.1.9-33
CO0201 System Profile for November 14 Through 17, 19%.............. 5.1.10-11
Transport Air System for November 14 Through 17, 19% ................ 5.1.10-12
Coal Feed for November 14 Through 17, 1996 ......ccvueeeveeevereneevveenene 5.1.10-13
Sorbent Feed for November 14 Through 17, 1996 .....ccccveeveeveeceerecennens 5.1.10-14
Start-Up Burner Flow/Temperature for November 14

Through 17, 1996......iriieiritrernsnicnssssescssesessossssesassessessssoseses 5.1.10-15
System Pressures Downstream of PCD for November 14

Through 17, 1996 ...t ctnteceneaccaeeaeaeseencesesssessenensssseses 5.1.10-16
Total Gas In/Out Flow Rates for November 14 Through

17,5 1996 . eeeieetictiicettcrcenitccsueressserss st sss s ssatsssssesesssas s s saas s e 5.1.10-17
Reactor Mixing Zone and Riser Temperatures for November 14

Through 17, 1996 ... iiicniieniiensinnneisiinncsessissessssssssssssssesassessens 5.1.10-18
Standpipe Temperatures for November 14 Through 17, 19%............. 5.1.10-19
Cyclone Dipleg Temperatures for November 14 Through

17,5 1996 ettt ettt setseste st et s s s s ss e saa s e sasa s sen 5.1.10-20
Temperature Profiles Downstream of Reactor for November 14

THIOUGH 17, 1996 ceeeieieircrirectcenereaessseecesncssesaeesessesneasasenes 5.1.10-21
PCD Ash Temperatures for November 14 Through 17, 19%............. 5.1.10-22
System Temperatures Downstream of PCD for November 14

Through 17, 1996......iniinincrincnitincessssnsisissesisssssesssssessesessoseass 5.1.10-23
Mixing Zone DP Profile for November 14 Through 17, 19% ............ 5.1.10-24
Reactor Pressure/Riser DP Profiles for November 14 Through

17, 3996 .ttt trrtessssnesssrss s sssst st s e s s s s ab e ses 5.1.10-25
Standpipe DP Profiles for November 14 Through 17, 19%................ 5.1.10-26
CY0201 Dipleg DP Profiles for November 14 Through

175 8996 caeeiieeiiettcnetceset e resstsssae e st s bt s s ns s sa e bt se s ane s 5.1.10-27
Coal Feed Rate for November 14 Through 17, 1996.....cceeeeceeveencneee. 5.1.10-28
O,, SO,, and NOy Analyzers for November 14 Through

1750996 caeeeeieecicvrninciticrettisnercesssaaeecssste s ssssssassssss s raneseses s bt ananenas 5.1.10-29

Page xvii




Listing of Figures Power Systems Delivery Facility

5.1.10-20
5.1.10-21

5.1.10-22
5.1.10-23
5.1.10-24
5.1.10-25
5.1.10-26
5.1.10-27
5.1.10-28
5.1.10-29
5.1.10-30

5.1.10-31

5.1.10-32

5.1.10-33

5.1.10-34
5.1.10-35

5.1.10-36

5.1.10-37
5.1.10-38

5.1.10-39
5.1.10-40

5.1.10-41
5.1.10-42

5.1.10-43
5.1.10-44

5.1.10-45
5.1.10-46
5.1.10-47
5.1.10-48
5.1.10-49
5.1.10-50

1996 Commissioning Report

Solids Withdrawal for November 14 Through 17, 19%...................... 5.1.10-30
FDO0510 Temperature Profiles for November 14 Through

17, 1996 et es ittt cste ettt bt e bbbt s e e s nanan 5.1.10-31
FD0206 Pressure Profiles for November 14 Through 17, 19%........... 5.1.10-32
FDO0520 Pressures for November 14 Through 17, 19%...........ccccue. 5.1.10-33
FDO0530 Feeder for November 14 Through 17, 199%.........cceveernnenns 5.1.10-34
FDO0530 Feeder for November 14 Through 17, 1996.......cccecevrnnnnen. 5.1.10-35
C00201 System Profile for November 18 Through 22, 19% ............. 5.1.10-36
Transport Air System for November 18 Through 22, 19%................. 5.1.10-37
Coal Feed for November 18 Through 22, 1996.....ccccceveveecievencincncncn. 5.1.10-38
Sorbent Feed for November 18 Through 22, 1996.......ccceivnivnnnene. 5.1.10-39
Start-Up Burner Flow/Temperature for November 18

Through 22, 1996...ccouiviieieeciserncecrecsteisessssissssesse e nsssssnesssenes 5.1.10-40
System Pressures Downstream of PCD for November 18

Through 22, 1996ttt et sees 5.1.10-41
Total Gas In/Out Flow Rates for November 18 Through

22, 1996 ettt esesrr e e s s s ss e s e e s e s e s e baaesenee 5.1.10-42
Reactor Mixing Zone and Riser Temperatures for

November 18 Through 22, 19%6.......cccocecivmveinenrmnecnieiieneeseennns 5.1.10-43
Standpipe Temperatures for November 18 Through 22, 199 ............ 5.1.10-44
Cyclone Dipleg Temperatures for November 18 Through

22, 1996 eeeeerereteeecencteeetetsecen s e ss s e s e st s e s s s s e nae s s ans 5.1.10-45
Temperature Profiles Downstream of Reactor for November 18

Through 22, 1996....cviecrieictcenieniieissneisesessessessessessesasens 5.1.10-46
PCD Ash Temperatures for November 18 Through 22, 19%............. 5.1.10-47
System Temperatures Downstream of PCD for November 18

Through 22, 1996ttt se e 5.1.10-48
Mixing Zone DP Profile for November 18 Through 22, 19% ............ 5.1.10-49
Reactor Pressure/Riser DP Profiles for November 18

Through 22, 1996.....eicieircniininerisecsnssisisssissisissiissesesesssssseseses 5.1.10-50
Standpipe DP Profiles for November 18 Through 22, 19%................ 5.1.10-51
CY0201 Dipleg DP Profiles for November 18 Through

22, 1996 ceeeeiieeccnrrreereanestensssatastess s ssassssessssasssess st e s s s s s e s s s nssesnansanens 5.1.10-52
Coal Feed Rate for November 18 Through 22, 1996......ccccveevenvrunnnne 5.1.10-53
0,, SO,, and NOy, Analyzers for November 18 Through

22, 1996 ernneinrcnesnetttet et essssss s sess e e e s s s sssnssnnaaaaans 5.1.10-54
Solids Withdrawal for November 18 Through 22, 19%...................... 5.1.10-55
FD0510 Temperature Profiles for November 18 Through 22, 1996.... 5.1.10-56
FD0206 Pressure Profiles for November 18 Through 22, 19%........... 5.1.10-57
FD0520 Pressures for November 18 Through 22, 19%....................... 5.1.10-58
FD0530 Feeder for November 18 Through 22, 19%...........cccveennee. 5.1.10-59
FDO0530 Feeder for November 18 Through 22, 19%..........ccccenene.e. 5.1.10-60

Page xviii



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

VOLUME 2
Figure Page
5.1.11A-1 Disengager Grade Efficiency Curve .......coceeereeeerrrseneeerreesereseeesnnens 5.1.11-8
5.1.11A-2 Disengager Grade Efficiency Curve ....coeececeeeeeueeureneeuesecnccrescenencs 5.1.11-9
5.1.11B-1 Schematic Diagram of Experimental Setup at GEESI..........ccccceceuue... 5.1.11-10
5.1.11B-2 GEESI Disengager Cold Flow Test Results ......ccoeueeeeermuercnceveeccnnes 5.1.11-10
5.1.11B-3 Comparison of Disengager Performance (PSDF vs GEES]) ................ 5.1.11-11
5.1.13-1 Comparison of Flow Characteristics of Original Cage vs

Modified Cage During Startup (PV-287 Whisper Il Trim) ...c.coeoeeeeevn- 5.1.13-3
5.1.13-2  Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 1) ccvecveererrerereeeecserereesesssaesnesosesesssesnsnsesssssases 5.1.13-3
5.1.13-3  Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 2) ...coveeiererersereresssessesesssssssssssssssessssssesesssssansans 5.1.13-3
5.1.13-4  Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 3) ceeerreeererceeseeeeceursnosescssensssessssesesssesnssssssanaens 5.1.13-3
5.1.13-5 Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 4) wc.ceucerererereercercrreeneceseseesesassssessesessesessencsssseses 5.1.13-4
5.1.13-6  Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 5) wccueeececrererreeseeruessersessesseesmessessessssssessessassassenns 5.1.134
5.1.13-7  Flow Capacity vs Percent Valve (PV-287) Open for Inlet

Pressure at 500°F (VIEW 6) ...coueeriecreeresueensuessanensurnecassnsmsscssenssssssssssens 5.1.13-4
5.2-1 Comparison of Coal Feed Rates Calculated From Oxygen

Balance and From Weight Cell Measurements for November

19 t0 20, 1996, TeSt PEriod......cueeeeeereerrenrenreessresressresssesseenes 5.2 Exhibit - 1
5.2:2 Comparison of Coal Feed Rates Calculated From Oxygen

Balance and From Weight Cell Measurements for November

20 t0 21, 1996, TeSt PEriod......uvieveerceeeceeerreerveesereesnsesssessnenes 5.2 Exhibit - 1
5.2-3 Comparison of Coal Feed Rates Calculated From Oxygen

Balance and From Weight Cell Measurements for August 19

10 20, 1996, TESt PEIIOA ceuuveerrerrreereeraaeerreraesseesasssesssessnsssessssessenes 5.2 Exhibit - 2
5.2-4 Comparison of Coal Feed Rates Calculated From Oxygen

Balance and From Weight Cell Measurements for August 20

10 21, 1996, TeSt Period .....cceeeecenereereceecenccecenceecaenee. 5.2 Exhibit - 2
5.2-5 Variation of the Required Solid Clrculauon Rate With the

Coal Feed Rate at Different Mass Fraction of Solid

Circulating Through the Reactor Standpipe .....ceceeeeeeeceeerecceeecenee 5.2 Exhibit- 3
5.2-6 Heat-Up Rate of a Single Particle vs the Dimensionless Radius...5.2 Exhibit - 3
5.2-7 Variation of the Solid Circulation Rate With Time for the

Test Period November 19 10 20, 1996.....uuueueeeerereeeereeeeerseeeeasvanens 5.2 Exhibit - 4

Page xix




Listing of Figures Power Systems Delivery Facility
1996 Commissioning Report

5.2-8 Variation of the Measured Standpipe Pressure Difference

WAth TIME ceerereierereeereieeseeteseeenentesecetestestecasseasesesasesesssssnsennens 5.2 Exhibit - 4
5.299 Variation of Solid Circulation Rate With the Standpipe

Pressure DIfference ......eceeeruciccniescesiiinniiiieereree e 5.2 Exhibit- 5

5.2-10 The Relationship Between the Coal Feed Rate and Solid

Circulation Rate for the Test Period of November 19 to

20, 1996t ceett st atr bt a e s s s e 5.2 Exhibit- 5
5.2-11 The Variation of Coal Feed Rate With Solid Circulation

Rate for the First 12 Hours of Operation November 19

L0 20, 1996 eerieetiinisrnteettetecrisssstinrree et e a e e s e e 5.2 Exhibit- 6
5.2-12 The Variation of Coal Feed Rate With Solid Circulation

Rate for the Test Period of August 20 to 21, 19%...........cucue... 5.2 Exhibit - 6
5.2-13 Variation of Solids Level in the Standpipe With Time for

the Test Period of August 20 to 21, 1996....c.cuvvvcuerninvnerrennnn 5.2 Exhibit - 7
5.2-14 Variation of Coal Feed Rate with Solid Circulation Rate

for the Test Period of November 20 to 21, 1996 ....ccoecveeueeecnenne 5.2 Exhibit - 7
5.2-15 Coal Feed Rate Vs Riser Temperature for Test Period

November 19-20, 1996 ....uuueeieeeeeeeeeerrrreeessrreeesssssesesssssassssssssses 5.2 Exhibit - 8
5.2-16 Coal Feed Rate Vs Riser Temperature for Test Period

November 20-21, 1996 ....uuueirereerereeerreerrveeersseesrsssassseessassssasscses 5.2 Exhibit - 8
5.2-17 Solid Circulation Rate Vs Riser Temperature for the

Operation Period of November 19 to 20, 1996 .......cueeeereenennene 5.2 Exhibit - 9
5.2-18 Estimated Solid Carryover Rate With Time for the

Operation Period of November 19 to 20, 1996 ......ccccevrreeneneneee.. 5.2 Exhibit - 9
5.2-19 Estimated Solid Circulation Rate With Time for the

Test Period of November 20 t0 21, 1996....uuieeceieeeeccneeereeennns 5.2 Exhibit - 10

5.2-20 Estimated Cyclone System Collection Efficiency Vs

Solid/Gas Loading Ratio for the Test Period of

November 19 and 20, 1996 .....uveeveeereeerreerrrerrreeeeeenseessesssesasnces 5.2 Exhibit - 10
5.2-21 Estimated Cyclone System Collection Efficiency Vs

Loading Ratio for the Test Period of November 20 and

215 19960ttt ettt ssbe e sr s s s e s s s s s s s s sr s nnnens 5.2 Exhibit - 11
5.2-22 Solid/Gas Estimated Cyclone Efficiency Vs Solid/
Gas Loading Ratio for Given Disengager Efficiency .......cceeeee. 5.2 Exhibit - 11

5.2-23 the Required Total Collection Efficiency of the Cyclone

System Vs Solid/Gas Loading Ratio to Balance the Ash

Production Rate and Solid Carryover Rate ......coevevvvercivrviennennee 5.2 Exhibit - 12
5.2-24 Estimated Collection Efficiencies for the Individual Cyclone

to Balance Ash Production Rate and Solid Carryover Rate....... 5.2 Exhibit - 12
5.2-25 The Pressure Drop Across the Primary Cyclone for the

Test Period November 20 t0 21, 1996 ....ueeeeeereeerreeccnreeerreeeeenns 5.2 Exhibit - 13

Page xx



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

5.2-26

5.2-27

5.2-28

5.2-29

5.2-30

5.2-31

15.2-32

5.2-33

5.2-34

6.1.1-1

6.1.2-1
6.1.2-2
6.1.2-3

6.1.3-1
6.1.4-1
6.1.5-1
6.1.5-2
6.1.5-3

6.1.6-1
6.1.6-2
6.1.6-3

The Relationship Between the Cyclone Inlet Gas Velocity
and the Cyclone Pressure Drop for the Test Period of

November 20 t0 21, 1996 ueeeeeeeereeeereeesreeseeesreessssssseesseensns 5.2 Exhibit - 13
Estimated Solid Carryover Rate Vs the Solid Circulation
Rate for the Test Period of November 20 to 21, 19%................ 5.2 Exhibit - 14
Estimated Solid Carryover Rate Vs the Solid Circulation
Rate for the Test Period of November 19 to 20, 19%................ 5.2 Exhibit - 14

Comparison Between the Measured Pressure Drop Across

the Riser and Calculated Pressure Drops Based on the Gas-

Phase Flow, Only, Riser and Gas Phase With Only Solid

Feed, to Show That the Measured Pressure Drop is Low .......... 5.2 Exhibit - 15
Comparison of the Measured Pressure Drop at the Top of

the Riser With Calculated Pressure Drop for Test Period of

November 1910 20, 1996......uriereeereererenerrreeseeeeersseessseesssesssanes 5.2 Exhibit - 15
Comparison of Solid Circulation Rates Calculated From

Energy Balance and Pressure Difference for the Test Period

of November 19 t0 20, 1996......uuueereeeereerveerrenreenerseesseersesessses 5.2 Exhibit - 16
Comparison of Solid Circulation Rates Calculated From

Energy Balance and Pressure Difference for the Test Period

of November 20 t0 21, 1996 eeeeeeeeeeeeeeeerneessseeesseasesssasessones 5.2 Exhibit - 16
Comparison of Solid Circulation Rates Calculated From

Energy Balance and Pressure Difference for the Test Period

Of August 20 10 21, 1996 ....covueuvevrerireininianisisrssssnssssssesesasens 5.2 Exhibit - 17
Comparison of Solid Circulation Rates Calculated From

Energy Balance and Pressure Difference for the Test Period

of August 19 10 20, 1996 .....c.coreieviereneenncisensereresesesnesacscssenens 5.2 Exhibit - 17
Operation Record for the PCD Over 994 Hours in 19%.......cccccevveeueneee. 6.1.1-3
PCD FIOW DIagram ..cecuceceeercesssercssssesssecosssssssnsssssesessensosssssssssssossssssasssa 6.1.2-6
Westinghouse PCD FL0301 Filter Vessel .....cccereeeereerereencrcserseeseaceueaaences 6.1.2-7
Westinghouse PCD Pulse SKid ....coeeireeeeninecrinnininvenensessescscseecesescenseansene 6.1.2-8
PCD Maintenance Bay ........couceceeceniemssenesniisnnissssssesessesissessessssessesens 6.1.3-3
FLO0301 Tubesheet Map.......ccovereeererennsiceerennesensesecsssscsesscsseseesssnsscnens 6.1.4-2
Westinghouse PCD FLO301.......ciinrcresimiinsenisesisisiscsssssssssensassssses 6.1.5-5
Westinghouse PCD FL0301 Gasket Details......cocereeeseerercncerevesesnensansennes 6.1.5-6
Westinghouse PCD FL0O301 Or1entation .....oceeeescescesccecesrsocseesacscessencss 6.1.5-6
CCT1A Summary Information .....cevcrenvieeensccenissesescssesssscsessessssenns 6.1.6-7
CCT1A Summary Information c...coeeeeeeeerceeeneeceueseeseseeereecsssesseneessescons 6.1.6-8
CCT1A PCD Hopper Samples.......coceceeeeueirencececerecceneecsescesessecsessencens 6.1.6-9

Page xxi




Listing of Figures Power Systems Delivery Facility

6.1.6-4
6.1.6-5
6.1.6-6

6.1.7-1
6.1.7-2

6.1.8-1
6.1.8-2
6.1.8-3
6.1.8-4
6.1.8-5
6.1.8-6
6.1.8-7
6.1.8-8
6.1.8-9
6.1.8-10
6.1.8-11
6.1.8-12
6.1.8-13
6.1.8-14

6.1.9-1

6.1.10-1
6.1.10-2
6.1.10-3
6.1.10-4
6.1.10-5
6.1.10-6
6.1.10-7

6.1.11-1
6.1.11-2
6.1.11-3
6.1.11-4

6.1.12-1
6.1.12-2
6.1.12-3

6.1.12-4

1996 Commissiening Report

CCT1A PCD Hopper Particle Size Distribution......cceceeeeeverrererererenennns 6.1.6-9
CCT1A Baghouse Differential Pressure .......coeovueeiinenineenrenieciennnnne. 6.1.6-10
CCT1A PCD Hopper vs Baghouse Hopper PSD .......coovirviieveinnnne. 6.1.6-10
CCT1B Summary Information.....cccviiieincnneniiienseieiereeessesessens 6.1.7-5
CCT1B Summary Information....ecceueeccccrercrcnirmrueiecneseeseseneeeesesnesesesns 6.1.7-6
CCT1C Summary Information ......cceevevereiimsinnesnmeieneererensessesnesens 6.1.8-12
CCT1C Summary Information ....cecceueeevcreesccnerercerecniiirncserneeaeenennenss 6.1.8-13
CCT1C Summary Information .....ccceeeeemecevieesincserrisenreseeeseeessesenens 6.1.8-14
CCT1C Summary Information .....ccococeeevecerrrcnucueceesucienncecunanensesennens 6.1.8-15
Approximate Ash Level on August 18 15 09:00 .....ccveemiviorereciecnnaenannnene 6.1.8-16
Approximate Ash Level on August 18 at 11:30 .ueueereieiciineieeieiennenes 6.1.8-17
Approximate Ash Level on August 19 at 03:45 .....ovemieieiciieeieieieneee. 6.1.8-18
Approximate Ash Level on August 20 at ~04:00......coereieeneieneciennnennne. 6.1.8-19
Approximate Ash Level on August 20 at ~16:00 .....cccoveveeireorneeeneennnse. 6.1.8-20
Approximate Ash Level on August 21 at ~12:00......coeeeieeeieecccererennne. 6.1.8-21
CCT1C Hopper Samples.....c.coveeurericiiiiriniiinicirneienresesinsessesssssssssesens 6.1.8-22
CCT1C PCD Hopper Particle Size Distributions.........cceceeevereereeenenes 6.1.8-22
CCT1C PCD Hopper Ash Chemistry (Primary Constituents) ............ 6.1.8-23
Broken Elements After CCT1C (Top of Page Is North).....cceurecuneeee. 6.1.8-24
FLO301 Tubesheet Map......coceeereecererceerecreenerueinsessssessssissesessssessessessrseseaes 6.1.9-5
CCT2A, Phase 1 Summary Information ......c.cececeeeevesenersenieirsenuerernnanns 6.1.10-9
CCT2A, Phase 1 Summary Information ......ccceeeeevemernninniscsucncnne. 6.1.10-10
CCT2A, Phase 2 Summary Information .......ceceeevvcceninccnnreneerennen 6.1.10-11
CCT2A, Phase 2 Summary Information ......ccveeccecencirecnenenensnnens 6.1.10-12
CCT2A, Phase 1 PCD Hopper Samples......c.courevervrucrerinnevereeneeenenas 6.1.10-13
CCT2A, Phase 2 PCD Hopper Samples.....ccooveceerueucrvemrensrenenrerensenenes 6.1.10-13
CCT2A PCD Hopper Particle Size Distribution........ccveveevceeevenenen. 6.1.10-14
CCT2B Summary Information......eeeimsceresmrcsnsissisecistesssesseessesens 6.1.11-6
CCT2B Summary Information.....coceeereeerereessmsessucscssesssseseseesenesesens 6.1.11-7
CCT2B PCD Hopper Samples.....cocereiciereesinussesisseenmssesescereserssseseasens 6.1.11-8
CCT2B Hopper Particle Size Distribution......ueeeececeeceievererernereseenesenne. 6.1.11-8
Run CCT2C Summary Information c....cececeeeeeeeecrscecsrercsencssesncesnenee 6.1.12-10
Run CCT2C Summary Information ........ceceeccsecveveieerererssnerenneseenenens 6.1.12-11
PCD Inlet Particle Size Distribution From Combined Sieve and

Microtrac X-100 Measurements on In Situ Sample MWKIMT-3......... 6.1.12-12
Comparison of Size Distributions Measured by Microtrac

Alone and Combined Sieve and Microtrac Measurements .................. 6.1.12-12

Page xxii



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

6.1.12-5 Comparison of Microtrac Measured Size Distributions for
Complete Sample and Particles Smaller Than 120 Mesh ..................... 6.1.12-13
6.1.12-6  Comparison of Cumulative Percent Particle Size Distributions
for All Isokinetically Collected Samples......cucoeveeereeeeerererererrenerenenennee 6.1.12-13
6.1.12-7  Comparison of Cumulative Mass Size Distribution for All
Isokinetically Collected Samples......ccovueeeveereveresereenerreenrensesennseneeenenen. 6.1.12-14
6.1.12-8  Comparison of Size Distributions From PCD Inlet In Situ
Sample and PCD Comne Samples......ccueeceecrmemrureereeneeseesessenssssesesseseans 6.1.12-14
6.1.1229  PCD Cone Ash Analysis (Major CONStItUENLS) ...ceereeerereremerereerererenes 6.1.12-15
6.1.13-1 CCT3 Summary INfOrmation .......c.eeeceeeverecesseseseseesesesereseresesesensenens 6.1.13-5
6.1.13-2 CCT3 Summary INfOrmation ......ceeeeeereerersesseseeressssesenerenesesesssssseseas 6.1.13-6
6.1.13-3 CCT3 Hopper Particle Size Distribution - December 1996
(Reactor Solid Separation Efficiency Tests 1, 2, and 3) .....c.ceeeueeennenee.. 6.1.13-7
6.1.13-4 CCT?3 Hopper Particle Size Distribution - December 1996
: (Reactor Solid Separation Efficiency Tests 4 and 5) ....ceceeerevererveenennes 6.1.13-7
6.1.13-5 CCT3 PCD Hopper Samples.......cceeecrreserereccerensasssesssssarerssesssasesens 6.1.13-8
6.1.14-1 Resistances 10 Gas GlOW .....cicceeecececeerereeseneeeseereecsseensssiessssssessssnens 6.1.14-4
6.1.14-2 Buildup of Residual Cake AP .......ccuoovveeeeeneeeeereeeneseiee e eseenes 6.1.14-4
6.1.14-3 FLO301 1996 Permeance........cceceeeeercveseeeseeereecesssesseresassaessaessessasessenns 6.1.14-5
6.1.14-4 CCT2C Filter AP and Particulate Loading ......coceeeeeeeeereceeererererennenen 6.1.14-5
6.1.15-1 PCD/Ash Removal InStrumentation ... .ceveeseeesseenceserererarserssesesassanas 6.1.15-7
6.1.15-2 Normal PCD OPEration.....cecscereevesereeseseeseesesesesnsssasessssessssessssessasanaes 6.1.15-8
6.1.15-3 Excessive Carryover 10 PCD ... eivrreereereeinecrarssencsssesssesessesensene 6.1.15-8
6.1.15-4 “Rat-Holing” of PCD COne.....cereeeeerveneeernrersrsseseeseaseersesseressssesessene 6.1.15-9
6.1.15-5 “Normal” Operation of PCD Prior to F1llmg .................................... 6.1.15-9
6.1.156  Bottom of PCD Cone Filled With Ash ...oereureenirrreeeecenineenesneennnas 6.1.15-10
6.1.15-7 Top of PCD Cone Filled With Ash.....ccceerevevenenrerrernerenenerenereeenes 6.1.15-11
6.1.15-8 Lower Shroud Filled With Ash...c.cccoveeeveeeerrneceneeeescereeneesrerenesesaenns 6.1.15-12
6.1.15-9 Beginning to Cover Lower Level With Ash ...cccceeeeeevrenenevecrnennn. 6.1.15-13
6.1.15-10  Lower Level Elements Covered With Ash ...ccoeveeverveevenenrennererrenene. 6.1.15-14
6.1.15-11  Beginning to Cover Upper Level With Ash...ccceceoeeieevvenrcinreenenens 6.1.15-15
6.2.1-1 High-Pressure Air Accumulator Tank Pressure........cceceeveveeserereesnenenes 6.2.1-3
6.3.1-1 Fines Removal Screw Cooler Operation November 20, 199% .............. 6.3.1-2
6.3.1-2 Fines Transporter System Cycles November 20, 1996......ccceeeveeeevverenne 6.3.1-2
7.1-1 Particulate Sampling SYStem c...cueueuieeeuenccereeerceeceerenereeniesenessssesnaenes 7.1-1
8.1.2-1 Coal Particle Size DiStIIDULION eveureveueecerereeniaceereenaieensssesssesassesesssnsans 8.1.2-3
8.1.3-1 Dolomite Particle Size DiStrIDULION. .....ceereeeerrereeseenevenraeeesesareesesarns 8.1.3:2
Page xxiif

A A T T T T I T A e e T RN T T T T L RS S e ) TR 3




Listing of Figures Power Systems Delivery Facility

8.2.4-1
8.2.4-2

8.4.2-1

8.5.1-1

8.6.2-1

8.6.4-1

8.7.3-1
8.7.3-2

8.8.3-1

8.8.4-1
8.8.4-2
8.8.4-3
8.8.4-4

8.9.1-1
8.9.1-2
8.9.1-3
8.9.1-4
8.9.1-5
8.9.1-6

8.14.3-1

9.1.2-1

9.2.1-1

9.2.1-2

9.2.2-1

9.2.2-2

9.2.2-3

1996 Commissioning Report

Main Air Compressor Operations August 20 to 21, 1996 .........c..c....... 8.2.4-2
Main Air Compressor Operations November 15 to 16, 19%............... 8.2.4-2
Recycle Gas Booster Compressor Commissioning June 29, 19%......... 8.4.2-2
Porous Metal Cross-Flow Filter.....coccueeeeeerieceiveicinnieineiniceeenenne 8.5.1-3
Thermal Oxidizer Refractory Cureout......cueceeecevcrcncevvisenncnuenennnens 8.6.2-2

Two Views of Top Areas of Thermal Oxidizer December19, 1996 .....8.6.4-2

Steam System Operations August 5, 1996......cccorvriiniinenrnreenenennns 8.7.3-2
Steam System Operations November 21, 199%6........ccocvevrnienicnnnnee. 8.7.3-2

Sulfator Start-Up Heater Refractory Dry Out May 23 to 25, 1996 ......8.8.3-3

Sulfator Performance Test September 9 to October 7, 19% ................ 8.8.4-4
Sulfator Performance Test October 14 1o 18, 1996 .....cccvveeeereccrecneennne 8.8.4-4
Sulfator Performance Test November 3 t0 6, 1996 .......eeeeeceeeercnveeennnen. 8.8.4-5
Sulfator Performance Test November 8 to 14, 1996 ......ccvveeeeeereeeeennens 8.8.4-5
Baghouse AP CCT 1A ..oriceeecrcreecrirctecsnesenssessesenscssssssssesssasssseoss 8.9.1-4
Baghouse AP CCTIB.....cuviriviiicirinincnniciieisesie e s e eans 8.9.1-4
Baghouse AP CCTIC ......iiiiiiiniinsecneiscresce e essesse e ssassssenns 8.9.1-5
Baghouse AP CCT2A ....eecreicetnesiesenssniscsisscssssessssssssessssessensonsans 8.9.1-6
Baghouse AP CCT2B......ireiriiiicccsininirisiesisiescerseseesesssesseseans 8.9.1-7
Baghouse AP CCT2C ....eeerererencericsseniiesissssessssssssssessssessssensens 8.9.1-7
Change in Behavior of Float Valve After Adding Larger Float and
Installing Baffles......coeeeeeerceeereercemnietesinieisecssisisssnesissescssesesesssseseses 8.14.3-3
Typical PI Display c..ceccerevmereeieicircnnieneiisiesinicsisessesessesessesssassesenns 9.1.2-3
Typical Piping Schematic Showing How Each Component for a

Particular System is Identified .....ccceoceeocecrocnenneneenecnnieicieeeenens 9.2.1-3
Typical Trend Plot for Pipe Kinks in the FD0210 Line ....c.coevevvennee. 9.2.1-3
Typical Spectrum Recorded at up to 30,000 rpm Where

Vibration Was Measured in Velocity Units......cceeevernnncenecnnenenenne. 9.2.2-3
Typical Summary Plot Showing Vibration Maximum Amplitude

Reading for Each Measurement Location on Fluid Pump A................. 9.2.2-3

Typical Plot Including Current Spectrum, a Comparison of
the Current Spectrum With the Past Spectrum, and a Magnitude
TEENA PLOT c.eriinereeceieeteetccctsntetretsescnac s st ers s s e s e b s 9.2.2-3

Page xxiv



Power Systems Delivery System Listing of Figures
1996 Commissioning Report

9.2.3-1

9.2.3-2

9.2.3-3

9.2.3-4
9.2.3-5
9.2.3-6

9.2.3-7

9.2.3-8

9.2.39

9.2.3-10

9.2.3-11

9.2.3-12

9.2.3-13

9.2.3-14

9.2.3-15

Various Shades of Gray (From Black to White) Showing a

Typical Thermal Image (Test Run CRO2).....cuvvvuruerenrerensrcnscreccrnrannens 9.2.3-5
A Scanned Image of the Top of the Combustor Heat Exchanger

Taken During Coal Combustion of Test Run CCT1C........ccovurerenene. 9.2.3-6
A Second Example of Scanned Image of the Top of the

Combustor Heat Exchanger Taken During Test Run CCT1A............. 9.2.3-7
An Image Taken at Elevation 132 at the Start of Test Run CCT1C.....9.2.3-8
A Second View of Scanned Image Shown in Figure 9.2.3-4

Taken After Coal Combustion in Test Run CCTIC......ccueueevcviniincns 9.2.3-9
An Example of Temperature Differences Identified During Test

Run CCT1C Where Elbows in the Pipe Slightly Hotter than

the PIPE IESEIf .eoevereeereeircceirietitiencsitcicince s senesessessessosesasas 9.2.3-10
A Second Example of Temperature Differences Identified

During Test Run CR02 Where Elbows in the Piping Were

Slightly Hotter Than the Pipe Itself (Showing Primary Cyclone

Gas Outlet During Coal Combustion of Test Run CCT1() ............. 9.2.3-11
Results of Test Run CCT1C Indicating Temperature Differences

Where Nozzle Temperature Was typically Hotter than Piping

Showing Riser Crossover to the Disengager) ....c.ceeeereereeveccesescreecseeees 9.2.3-12
A Second Image of Test Run CCT1C Indicating Temperature

Differences Where Nozzle Temperature Was Typically Hotter

Than the Piping (Showing line PM04 From the Primary Gas

C00ler 10 the PCD) c.eceuueeecrecrceneevreseicsessesssesessesesosesssssssssessessascaseses 9.2.3-13
Results of Test Run CR02 Showing Temperature Differences

Where Weld Joints Were Consistently at a Higher Temperature

Than the Piping (Showing the Thermal Gradient at the at the

Weld Joint in the Riser, Standpipe, and Dipleg) .....cceeveueeeererceerrvereanae 9.2.3-14
Results of Test Run CCT1C Showing Temperature Differences

Where Weld Joints Were Consistently at a Higher Temperature

Than the PIPING ..ccccecrcseinnsisninisseosissnssssessessssssscssissessessssssssises 9.2.3-15
Results of Test Run CCT1C Showing Various Temperature

GIAQIEIILS c.everecnverinersiesesisesnsnisrensmsaesesessessssesessessssssessssssassasasessessessans 9.2.3-16
A Typical Image of the Thermal Oxidizer Taken During

the Start of Test Run CCT1C Showing Fairly Uniform

TEIMPELATULES «ocveververcreesesisvcnsnesessesessesisesassisessesssseseessessessosssmssssnssassens 9.2.3-17
An Image of the Standpipe Outlet Connection to the Screw

Cooler Taken at Elevation 120 Feet at the Start of Test

RUN CCOTLC creeereeceieeectetcectsaceseesessssssssasossssssssssssssssssssossess 9.2.3-18
Second View of the Standpipe Outlet Connection to the Screw

Cooler Taken from Ground Level During Test Run CCT1C ........... 9.2.3-19

PSDF{1996icontents

Page xxv




O ks a0 de s

1996 COMMISSIONING REPORT EXECUTIVE SUMMARY
Power Systems Development Facility

1.0 EXECUTIVE SUMMARY

This report discusses the commissioning and operation of the transport reactor train and
associated balance-of-plant equipment at the Power Systems Development Facility (PSDF)
located in Wilsonville, Alabama. The transport reactor is an advanced circulating fluidized bed
reactor designed to operate as either a combustor or a gasifier using one of two possible hot gas
clean-up filter technologies (particulate control device technology, or PCDs) at a component
size readily scaleable to commercial systems. During the shakedown, commissioning, and initial
operation phases, the transport reactor was operated as a pressurized combustor. A
Westinghouse supplied filter system was commissioned and operated along with the transport
reactor.

The objectives of the PSDF are to develop advanced coal-fired power generation technologies
through testing and evaluation of hot gas clean-up systems and other major components at the
pilot scale and to assess and demonstrate the performance of the components in an integrated
mode of operation. The primary focus of the PSDF project is to demonstrate and evaluate high
temperature PCDs that are the single most important component required for successful
development of advanced power generation systems. High temperature PCDs are 2 common
component of advanced gasification and APFBC technologies, both of which will be evaluated
at the facility. The facility is sized to test the components at capacities that are readily scaleable
to commercial systems.

The M.W. Kellogg Company (MWK) and Southern Company Setvices, Inc., (SCS) catried out
the design and engineering of the main process and balance-of-plant, respectively.
Commissioning began in September 1995 and proceeded in parallel with construction activities.
Construction of the transport reactor and associated equipment was completed in early summer
1996. By midsummer all separate components and subsystems were fully operational and
commissioning work was focused on integration issues for the entite transport reactor train. A
schematic process flow diagram of the transport teactor train is shown in figure 1-1.

During the months of May and June of 1996, three major start-up milestones in the
commissioning of the transport reactor were completed: (1) the first complete system pressure
test up to 385 psig, (2) transport reactor refractory joints cured to 1,000°F, and (3) fluidization
trials. Before the refractory joints were cured, the start-up butner was commissioned, during
which problems associated with the design of the burner were largely corrected. The
fluidization trials used alumina as the start-up bed material. The alumina was circulated while
using the start-up burner as a source of hot gas for heating the reactor. Following fluidization
trials, borescope inspections revealed that the reactor loop and cyclone refractoties were in good
condition.

The feedstock preparation system, bought as a “turn-key” installation, was commissioned in May
and June 1996. The main air compressor (CO0201) designed to supply 365 psia, 400°F air
required by the process for combustion, solids conveying, standpipe aeration, and start-up
burner, was declared fully operational by mid-July 1996 after commissioning and tuning. The
high pressure air compressor used to supply air for backpulsing the Westinghouse PCD during
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combustion mode was commissioned during July 1996. The high-pressure nitrogen system for
use during gasification mode is currently being commissioned.

The service water system, demineralized watet system, raw water system, SCS and MWK closed-
loop cooling water systems, and circulating water system were fully commissioned during the
second quarter of 1996. The chemical injection systems for the MWK steam/condensate
system, the SCS and the MWK closed-loop cooling water system, and the circulating water
system were tested in April 1996. The MWK steam/condensate system hydrotest and chemical
cleaning was completed earlier in November 1995.

Nitrogen is supplied to the plant by a (BOC) cryogenic nitrogen separation plant. The medium-
and low-pressure nitrogen piping pneumatic tests were completed with both being
commissioned in the second quarter of 1996. Interface lines to the on-site nitrogen generation
plant were flushed and blown out. Pneumatic testing of the MWK nitrogen piping was
conducted at 110 percent of design on low, medium, and high pressure lines. In early May,
BOC filled the backup low and medium pressure liquid nitrogen tanks and began to provide
nitrogen product to the facility.

The heat transfer fluid (HTF) system is used to cool the solids that are removed from the
transport reactor standpipe, the sulfator, and the fines from the PCDs. The fluid (UCON-500
from Union Carbide) 1s circulated through both the outer shell and the flights of the screw
cooler in all three applications. The HTF system was successfully commissioned during the first
quarter of 1996. The diesel generator that serves as the backup power source was operated in
the last week of May 1996.

The final hot gas clean-up system (baghouse) was operated periodically from March until June in
bypass mode to provide a flow path for thermal oxidizer (BR0401) commissioning activities.
The system was functionally checked in June and performed as designed. The bags were then
preconditioned and the baghouse ash removal system was operated to remove the ash from the
baghouse to the ash silo.

The propane system was pressure tested and the storage tanks filled during the first quarter of
1996. An on-line gas analyzer system is used to measure the moisture, SOz, NOx, Oz, and CO
present the product gas stream. Parts of the analyzer system were commissioned and ready for
operation.

There are five MWK-supplied feeder/transport systems controlled by one PLC program.
Commissioning trials of the dense-phase systems inside the process structure were completed in
April 1996 by transferring alumina from system to system using temporary piping loops to short-
circuit the system for testing. Alumina is being used as a start-up bed material until the process
has created enough ash to use as a start-up bed. The test material has a bulk density of 110

lb/ft> and mean particle size of 170 Um. As part of the commissioning tests, the solids were
transported to the reactor standpipe. The spent solids screw cooler (FD0206) was used to feed
the solid from the standpipe to the spent solids transporter system (FD0510) from which the
alumina was pneumatically conveyed to the spent solids feeder system (FD0530). The sizing of
the alumina corresponds with the specifications for the mill outputs, although the density is
more than twice that of coal ground to the same size. This density difference from original
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design, the easy flowability of alumina, and the hardness of the alumina crystals presented a
challenge to some of the equipment.

The rotofeeders on the coal feed system (FD0210), the sorbent feed system (FD0220), and the
spent solids feeder system (FD0530) were problematic. The rotofeeders would seize and stop
the motor. When the rotofeeder (FD0530) was taken apart for inspection, it was found that the
stainless steel rotating part was galling and seizing against the top plate which allowed ash to fall
through an open section of the plate while the rotating part takes a fixed volume of ash under
the plate to the transport route. The galling was thought to be due to the abrasive nature of the
alumina. The plate on top of the rotor was scored and the atea near the shaft indicated metal-
to-metal galling with the metal possibly causing the binding. The gap between the rotor and the
top stationary plate was increased by using shims.

The other problem has been associated with the Spheti valves. The valves tend to bind between
the valve hemisphere and the pressure seal. Again, additional spacing has been added to the
spent and fines transporter systems (FD0510 and FD0520) and standpipe ash drop tube bottom
Spheri valve so that the hemisphere part will not bind but will still allow the inflated seal to
provide sealing. After modifications, the systems demonstrated (with some difficulty) injection
rates up to 2,000 Ib/hr and withdrawal rates of over 3,000 Ib/hr. Alumina was conveyed from
the coal feed system (FD0210) at a rate of about 70 ft3/hr or about 7,000 1b/hr.

The recycle gas system consists of the compressor feed cooler (FIX0405), a separator, the recycle
gas booster compressor intake filter (FL0401), and recycle gas booster compressor (CO0401).

In combustion mode, recycle gas is used for aeration of the combustor heat exchanger
(HX0203) and spoiling gas to the primary cyclone (CY0201). Gas not being consumed by the
process is released from the system to join the main stream of gas flowing to the inlet of the
thermal oxidizer.

The recycle gas booster (CO0401) takes suction from the upstream side of the process pressure
letdown valve (PV287). Part of this gas goes to the compressor feed cooler (HX0405) where it

1s cooled from 600 to 120° F by exchange with cooling water. The remaining gas bypasses the

cooler to maintain a 300°F compressor discharge temperature thus preventing condensation
from occurring elsewhere in the process. Any condensed liquid in the gas leaving the cooler is
knocked out in the separator. The gas then enters the recycle gas booster compressor intake
filter (FL0401) which consists of one set of fiberglass filter elements mounted in a horizontal
pressure vessel to remove any particulate matter.

The recycle gas booster compressor functional checks were completed in May. A preliminary
checkout/commissioning with the compressor operating on instrument air at 2 suction pressure
around 50 psig was performed. The compressor was commissioned under normal operating
conditions in June with only minor problems encountered and solved.

The thermal oxidizer (BR0401) is a downfired, vertical combustion chambered vessel. Its major
components are a combustion air blower (BL0401) and a horizontal waste heat recovery section.
The thermal oxidizer functions as an incinerator and as a steam producer and also yields heat for
the start-up of the steam system. The waste heat recovery section consists of steam generating
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and steam superheating coils to supply superheated steam to the reactor during gasification. The
MWK steam drum (DR0402) supplies boiler feed water (BFW) to the generating coils via natural
circulation. The flue gas exiting the thermal oxidizer’s waste heat recovery section will be
approximately 600°F.

In May, commissioning of the thermal oxidizer began with functional checking of both the
blower control loops and programmable logic controller (PLC) details. The pilot and main
burner were lit successfully. Refractory cute of the thermal oxidizer at a maximum temperature

of 1,600°F was completed.

Several problems were encountered during commissioning of the transport reactor start-up
burner. After installation, the burner did not pass the functional tests due to damage to both the
ignitor and the flame detection rod. The onginally supplied ignitor and flame detection rod were
found to be unserviceable and had to be replaced. The commissioning was further complicated
by the lack of a visual flame view port. Several problems have arisen during the coutse of the
start-up burner check. The burner is the vendor’s first high-pressure application, and the design
was inadequate and unsafe for operation as it was received. Several modifications were made to
temporarily use the existing equipment and the burner has been operating since they were
completed.

There were several concerns that remained to be addressed: (1) the lack of safe turn-down in
fuel flow, (2) the lack of automatic compensation for reactor pressure variations, and

(3) the need for separate pilot combustion air. SCS and MWK had discussions and participated
in an effort to redesign the burner to better and more safely meet the design specifications.
Several problems with the packing on the burner ignitor were corrected with the deletion of the
retracting mechanism for the ignitor. Cooling air ports were installed on both the ignitor and
the flame rod to prevent failures due to overheating, and there has been no failure during the
subsequent light-offs. The pilot orifice and the main burner designs were modified, and the
start-up and operation parameters were changed. The modifications made to the original
burner, with the vendor’s concensus, allowed safe operation and continuation of start-up
activities. The burner was originally designed for operation at 50 psig with a firing rate of 3.6
MBtu/hr; the modifications allowed operation of the burner up to 100 psig and 5.0 MBtu/hr.

During the first successful coal combustion characterization test run, the start-up burner was
fired to heat the reactor system and alumina was added as the start-up bed material. Coke
breeze was used to assist reactor preheat after the reactor temperature reached 1000°F. When
coke breeze ignition was established, the start-up burner was gradually ramped down and was
finally shut down. The reactor preheat with coke breeze combustion was continued until the
reactor temperature was high enough to prevent coal tar formation. Coal feed injection into the
reactor was then initiated on August 18, 1996. Locally available Calumet mine Alabama
bituminous coal and Plum Run dolomite were used as the test coal and sorbent.

The reactor pressure was gradually increased from 100 to 160 psig during coal combustion. The
riser temperature was maintained at between 1,600 to 1,650°F. About 86 hours of on-stream
coal feeding was achieved resulting in approximately 32.2 tons of coal fed to the unit. Dolomite
was used as make up bed material because of low starting bed level in the reactor and
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combustion heat exchanger. Consequently, its feed rate was higher than required for in situ
sulfur capture.

During the initial coal combustion tests, excessive solids carryover was experienced. It was
suspected that the cause was due to either poor disengager and primary cyclone collection
efficiencies, unstable cyclone dipleg operation, or both. To determine the cause, disengager
efficiency tests were performed using silica sand. The tiser velocity and solids loading to the
disengager were varied to investigate their effect on disengager operation. The reactor was
operated at approximately 60 psig and 200°F. Solid samples were taken from the reactor and
the discharge of the PCD to measure the size distribution exiting the disengager. The particle
size distribution was relatively finer at the beginning of the test. Using the solids circulation rate
and the solids collected by the PCD, the average disengager efficiencies varied between 84 and
99 percent under various test conditions.

The following general conclusions were drawn from the disengager efficiency tests: the
disengager efficiency was lower than would be expected for the coarser particle size distribution
used for this test; the disengager appeared to be more efficient at low riser supetficial velocity;
and the performance of the disengager during this test did not appear to be significantly
different from its performance during previous test runs. Based on these results, and assuming a
lower disengager efficiency than the design value of 97.6 percent, the primary cyclone inlet
cross-sectional atea was reduced by approximately 50 percent and the circular inlet was changed
to a rectangular inlet cross-section to improve the efficiency of the gas-solids separation system.
In subsequent test runs, it was planned to address the cyclone dipleg stability problems through
manipulation of dipleg aeration.

Dolomite was fed into the reactor for in situ sulfur capture and to improve solids flowability in
the cyclone dipleg. Higher coal feedrates were achieved because the solids circulation through
the combustor heat exchanger was higher and smoother with alumina as the start-up bed
material. Figure 1-2 shows the solids circulation and coal feed hours that were achieved during
the combustion test runs in 1996.

The Westinghouse PCD has been operated throughout the first year of operation. Installation
of the filter was completed in June 1996. Figure 1-3 shows the cluster being lifted from the
specially designed levels of the maintenance bay. Pressute testing and commissioning began in
July. The tubesheet of the PCD is “sandwiched” between two 84-inch flanges. One of the
biggest challenges during commissioning was sealing this joint. Flexitallic spiral wound gaskets
wete used on two occasions, but the vessel could not operate under full operating pressure until
the gasketing material was changed to a 3125SS material manufactured by Garlok.

During the initial testing, the PCD inlet temperature was limited to approximately 600°F by
flowing all of the gas from the transport reactor through a gas cooler. The primary reason for
operating at the low temperature was to minimize the potential for ash deposition and bridging
while the transport reactor start-up was underway. During subsequent test campaigns, the
temperature has been raised first to 1,000°F and is currently operating at nominally 1,400°F.

Throughout the testing, the biggest challenge has been to control the solids carryover to the
PCD from the transport reactor. During upsets, the particulate loading to the PCD has been
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measured in excess of 70,000 ppm. However, as experience has been gained with the operation
of the transport reactor, the particulate loading has decreased substantially and is typically in the
design range of 4,000 to 16,000 ppm. In addition to the large particulate loading, the particle
size entering the PCD has been quite large. Samples taken from the PCD ash outlet often had a
median particle diameter exceeding 100 Um. As with the loading, the particle size entering the
PCD has decreased with operating experience.

The large particle size is credited with the low baseline pressure drops measured across the PCD.
Typical values of baseline pressure drop have been 20 to 25 inches of water at a face velocity of
3 to 4 ft/min. The pulse system logic will activate either due to a high-pressure drop or after a
mandatory timer, which is usually set for 30 minutes. Typically the pulse system only activates
after this 30-minute timer and between pulses the pressure drop usually rises about 10 inWg
above its baseline pressure drop. The PCD was inspected after each run and to date there has
been no ash bridging within the PCD.

An incident occurred during the first coal firing in 1996 when the ash level in the PCD rose
above the filter elements, causing the failure of the filter elements. Two positive results from
this failure were that the Westinghouse failsafe devices operated successfully and there was very

little particulate found downstream of the filter vessel. Also, methods were developed to detect
the ash level in the PCD cone.

Ceramic filter elements from Pall, Coots and Schumacher have been tested to date. Overall, the
PCD has worked extremely well during its first year of operation with very few mechanical
problems. There has been some dew point corrosion at the vessel manways and the tubesheet
flanges. Increasing the width of the gasket material controlled the corrosion. The gasket
material covers the flanged surfaces, prevented water from coming in contact with the metal
surfaces. All of the auxiliaries that support the PCD—ash removal, high-pressure air, and high-
pressure nitrogen—have also worked well once commissioning was complete.

Southern Research Institute’s (SRI) sampling system on the PCD inlet was commissioned during
the characterization combustion test runs. The system is now operational and have provided
valuable data confirming solids loading to the PCD during the testing periods. Isokinetic
samples using a batch sampler and a cyclone manifold have provided valuable data to support
the operation of the transport reactor and PCD. A similar system is in the process of being
commissioned to measure the PCD outlet particulate loadings.

The transport reactor is an advanced citculating fluidized-bed reactor designed to operate as
either a combustor or a gasifier using one of two possible hot gas clean-up filter technologies
(particulate control devices, or PCDs) at a component size readily scaleable to commercial
systems. Construction of the transport reactor and associated equipment was completed in eatly
summer 1996. By midsummer all separate components and subsystems were fully operational
and commissioning work was focused on integration issues for the entire transport reactor train.

Initial operation of the transport reactor as a combustor was achieved in August 1996. Since then
the transport reactor with the Westinghouse filter vessel has operated up to a maximum pressure
of 160 psig on coal feed for more than 200 hours. Expected coal feed rates and solid circulation
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rates corresponding to the operating pressure have been achieved. Initial problems associated with
the start-up burner and the dense-phase solid transpott systems have been studied and resolved.

A number of characterization tests were performed with the transpott reactor operating as a
pressurized combustor. A few equipment problems that arose during commissioning were
successfully addressed. Stable and controlled solid citculation was established through both the
reactor and combustion heat exchanger J-legs. As it became necessary, solids were preferentially
circulated through either one or both the J-legs.

During the first and subsequent combustion characterization test runs the start-up burner was
operated at higher firing rates and reactor pressures. Also, the reactor solids circulation and its
effect on temperature control; solids feeding into the reactor; the operation of the Westinghouse
filter vessel and back-pulse system; and the operation of the spent solids, fines discharge, and
transfer systems were successfully demonstrated. Coke breeze-assisted combustion preheat and
coal combustion start-up sequences were also successfully demonstrated.

Throughout the first year of testing the Westinghouse PCD has been in operation. Using the
ptimary gas cooler, the PCD inlet temperature was maintained below 1,000°F as experience was
gained with transport reactor operations. Due to problems with the cyclone operation the
particulate loading and particle size to the PCD were much larger than desired in initial testing.
The PCD pressure drop has remained low throughout all runs. Operationally, the PCD has
worked well with few mechanical problems. Ceramic filter elements from Pall, Coors, and
Schumacher have been tested. Isokinetic samples using a batch sampler and a cyclone manifold
have provided valuable data to suppott the operation of the transport reactor and PCD.

In future tests the cyclone dipleg operation will be further characterized and modified as
necessaty, as it is key for stable reactor operation. A long-duration test will be performed

to test the durability of the filter candles with the transport reactor operating in the combustion
mode. Once stable cyclone dipleg operations can be proven under vatying operating conditions
the transport train will be operated in gasification mode and the filter candles will be tested
under reducing environment with char and ash mixture.
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Figure 1-1 Schematic Process Flow Diagram of the Transport Reactor Train
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2.0 INTRODUCTION

This report provides an account of the initial operation of the M.W. Kellogg Company
(MWXK) transport reactor and the Westinghouse filter vessel at the Power Systems
Development Facility (PSDF) located in Wilsonville, Alabama, 40 miles southeast of
Birmingham. The PSDF is sponsored by the U. S. Department of Energy (DOE) and is an
engineering scale demonstration of two advanced coal-fired power systems. In addition to
DOE, Southern Company Services, Inc., (SCS) and the Electric Power Research Institute
(EPRYI) are cofunders. Other cofunding participants supplying services or equipment
include MWK, Foster Wheeler, Westinghouse, Industrial Filter & Pump, Combustion
Power Company, and Nolan Multimedia. SCS is responsible for commissioning and
operation of the PSDF.

The transport reactor is an advanced circulating fluidized-bed reactor acting as either a
combustor or as a gasifier using one of three possible hot gas clean-up filter technologies
(particulate control devices or PCDs) at a component size readily scaleable to commercial
systems. Design and construction of the transport reactor and required associated
equipment were completed in early summer 1996. By midsummer all separate
components and subsystems were fully operational and commissioning work focused on
integration issues for the entire reactor system. At the same time, the first set of ceramic
candles was loaded into the Westinghouse PCD. Initial operation of the transport reactor
as a combustor was completed in late August, with further combustion commissioning
tests completed in the last quarter of 1996.

2.1 THE POWER SYSTEMS DEVELOPMENT FACILITY

SCS entered into an agreement with DOE/FETC for the design, construction, and
operation of a hot gas clean-up test facility for gasification and pressurized combustion.
The purpose 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 facility
would provide a resource for rigorous, long-term testing and performance assessment of
hot stream clean-up devices and other components in an integrated environment.

The PSDF consists of five modules for systems and component testing. These modules
include an advanced pressurized fluidized-bed combustion module (APFBC), advanced
gasifier module, hot gas clean-up module, compressor/turbine module, and a fuel cell
module. The APFBC module consists of Foster Wheeler technology for second-
generation PFBC. This module relies on the partial conversion of the coal to a fuel gas in
a carbonizer 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 advanced gasifier module includes MWX's transport technology for
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pressurized combustion and gasification to provide either an oxidizing or reducing gas for
parametric testing of hot particulate control devices. The filter systems that will be tested
at PSDF include PCDs supplied by Combustion Power Company from Menlo Park,

California; Industrial Filter & Pump (IF&P) from Cicero, Illinois; and Westinghouse from
Pittsburgh, Pennsylvania.

Construction of the transport reactor train along with the necessary balance-of-plant
systems was completed by mid-1996. Various equipment and systems were commissioned
during the final stages of construction. This was followed by start-up of the entire train
and commissioning and combustion characterization tests.

On the APFBC system, the major activities in 1996 have been completion of final stages of
design and procurement of major equipment and bulk items. The APFBC train 1s
currently under construction and commissioning activities associated with simple cycle
operation will start in the last quarter of 1997.
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2.2 TRANSPORT REACTOR SYSTEM DESCRIPTION

The transport reactor train operating in the combustion mode is shown schematically in
figure 2.2-1. A taglist of all major equipment in the process train and associated balance-of-
plant is provided in tables 2.2-1 and 2.2-2. Two PCDs are shown in this flow diagram;
however, during operations only one PCD will be tested at a given time with the transport
reactor. The intent is to be able to install, change out, or provide maintenance on a second
PCD while another is being tested. This will result in increased flexibility for the test
facility and will reduce downtime. The facility is sized to process nominally 2 tons/hour
of coal. This size will generate sufficient gas to test the PCDs at 2 minimum of 1,000
ACFM of gas at the PCD inlet. Indirect cooling of the gas from the transport reactor will
allow testing of the PCDs with inlet temperatures between 1,000 and 1,800°F and at
pressures ranging from 184 to 283 psia. The PCD in this train will receive coal-ash laden
gas from the transport reactor, which can operate in either gasification or combustion
mode. The gas exiting the PCDs will be thermally oxidized in the gasification mode,
cooled and filtered in a baghouse before discharge from a stack. The ash produced in the
gasification mode will be sulfated prior to disposal.

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

Air is compressed to about 350 psia in the main air compressor and fed directly to the
transport reactor. For start-up purposes, a burner (BR0201) is provided at the reactor
mixing zone. Liquefied propane gas (LPG) is used as start-up fuel. Solids and gas feeds
enter the reactor in a mixing zone at the bottom where they mix with recycle solids from
the disengager cyclone. Coal conversion begins in this zone and the reaction mixture
flows upward into the narrower riser section at high velocity and then flows to the
disengager.

The reactor will typically operate at temperatures of 1,600 to 1,650°F in combustion
mode. Provision is made to inject air at several different points along the riser to control
the formation of NOy. Limestone/dolomitic sorbents, fed with the coal, are used for
sulfur capture thus eliminating the need for downstream facilities to reduce plant sulfur
emissions.

Solids and gases leaving the reactor flow to the disengager for bulk separation of the two
phases. Most of the solids collected in the disengager are recycled to the reactor. The net
solids (consisting of coal ash and spent sorbent) are sent to a solids cooler for cooling prior
to disposal. In the combustion mode, heat removal from the reactor system 1s necessary to
control the reactor temperature. This is accomplished by removing solids from the
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disengager, cooling the solids in the combustor heat exchanger (FX0203), and returning
the solids to the reactor system.

The gas leaving the disengager still contains a high loading of particulates. It is then sent to
a cyclone system for additional solids recovery prior to being fed to the PCDs. The
cyclone is provided with spoiling gas to vary the solids loading in the effluent gas. The
conditioned gas enters the PCD where essentially all of the remaining particulates in the
gas are removed. The cleaned gas leaving the PCD is sent to a secondary gas cooler
(FIX0402) and ultimately cooled to about 600°F. All gas and solids cooling are
accomplished by generating steam. A portion of the cooled gas is further cooled in the
compressor feed cooler (FIX0405) and sent to the recycle gas booster compressor
(CO0401) which increases the pressure to about 400 psia. This gas is used as carrier gas for
coal/limestone feed, for aeration gas, and as fluidization gas for the solids coolers.

The main gas stream from the secondary gas cooler is cooled further by dilution air and
cleaned of any remaining particulates in a baghouse before being discharged to a stack.

2.2-2



1996 Commissioning Report
Power Systems Development Facility

Table 2.2-1

Major Equipment in the Transport Reactor Train

Introduction
Transport Reactor System Description

TAG NAME DESCRIPTION
BR0O401 Reactor Start-Up Burner
BR0O401 Thermal Oxidizer
BRO602 Sulfator Start-Up/PCD Preheat Burner
C00201 Main Air Compressor
C00401 Recycle Gas Booster Compressor
C00601 Sulfator Air Compressor
CY0201 Primary Cyclone in the Reactor Loop
CY0207 Disengager in the Reactor Loop
CYO601 Sulfator Cyclone
DR0402 Steam Drum
DY0201 Feeder System Air Dryer
FD0206 Spent Solids Screw Cooler
FDO210 Coal Feeder System
FD0220 Sorbent Feeder System
FDOb02 Fines Screw Cooler
FDB510 Spent Solids Transporter System
FD520 Fines Transporter System
FDO530 Spent Solids Feeder System
FD0602 Sulfator Selids Screw Cooler
FDOG10 Sulfator Serbent Feeder System
FLO301 PCD — Westinghouse
FLO302 PCD — Combustion Power
FLO401 Compressor Intake Filter
HX0202 Primary Gas Cooler
HX0203 Combustor Heat Exchanger
HX0204 Transport Air Cooler
HX0402 Secondary Gas Cooler
HX0405 Compressor Feed Cooler
HX0601 Sulfator Heat Recovery Exchanger
MEO0540 Heat Transfer Fluid System
RX0201 Transport Reactor
SI0602 Spent Solids Silo
SU0601 Sulfator
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Table 2.2-2 (Page 1 of 3)
Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION
B02920 Auxiliary Boiler
B02921 Auxiliary Boiler - Superheater
CL2100 Cooling Tower
C02201A-D Service Air Compressor A-D
€02202 Air-Cooled Service Air Compressor
02203 High-Pressure Air Compressor
C02601A-C Reciprocating N9 Compressor A-C
CRO104 Coal and Sorbent Crusher
Cv0100 Crushed Feed Conveyor
Cvo101 Crushed Material Conveyor
DP2301 Baghouse Bypass Damper
DP2303 Inlet Damper on Dilution Air Blower
DP2304 Outlet Damper on Dilution Air Blower
DY-2201A-D Service Air Dryer A-D
0Y2202 Air-Cooled Service Air Compressor Air Dryer
DY2203 High-Pressure Air Compressor Air Dryer
FDO104 MWK Coal Transport System
FDO111 MWK Coal Mill Feeder
FDO113 Sorbent Mill Feeder
FDO140 Coke Breeze and Bed Material Transport System
FDO154 MWK Limestone Transport System
FDO810 Ash Unloading System
FD0820 Baghouse Ash Transport System
FLO700 Baghouse
FNO700 Dilution Air Blower
HOO100 Reclaim Hopper
HO0105 Crushed Material Surge Hopper
H00252 Coal Surge Hopper
HO0253 Sorbent Surge Hopper
HT2101 MWK Equipment Cooling Water Head Tank
HT2103 SCS Equipment Cooling Water Head Tank
HT0399 60-Ton Bridge Crane
HX2002 MWK Steam Condenser
HX2003 MWK Feed Water Heater

2.2-4
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Introduction

Transport Reactor System Description

Table 2.2-2 (Page 2 of 3)

Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION
HX2004 MWK Subcooler
HX2103A SCS Cooling Water Heat Exchanger
HX2103C MWK Cooling Water Heat Exchanger
LF0300 Propane Vaporizer
MC3001-3017 MCCs for Various Equipment
MEQ700 MWK Stack
MEO701 Flare
MEO814 Dry Ash Unloader for MWK Train
MLO111 Coal Mill for MWK Train
MLO113 Sorbent Mill for Both Trains
PG2600 Nitrogen Plant
PU2000A-B MWK Feed Water Pump A-B
PU2100A-B Raw Water Pump A-B
PU2101A-B Service Water Pump A-B
PU2102A-B Cooling Tower Make-Up Pump A-B
PU2103A-D Circulating Water Pump A-D
PU2107 SCS Cooling Water Make-Up Pump
PU2109A-B SCS Cooling Water Pump A-B
PU2111A-B MWK Cooling Water Pump A-B
PU2300 Propane Pump
PU2301 Diesel Rolling Stock Pump
PU2302 Diesel Generator Transfer Pump
PU2303 Diesel Tank Sump Pump
PU2400 Fire Protection Jockey Pump
PU2401 Diesel Fire Water Pump #1
PU2402 Diesel Fire Water Pump #2
PU2504A-B Waste Water Sump Pump A-B
PU2507 Coal and Limestone Storage Sump Pump
PU2700A-B Demineralizer Forwarding Pump A-B
PU2701 SCS Closed-Loop System Make-Up Pump
PU2711 Corrosion Inhibitor Pump
PU2713 Waste Water Alum Pump
PU2714 Waste Water Caustic Pump
PU2720 Acid Pump
PU2721 Waste Water Acid Pump

2.2.5
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Transport Reactor System Description

Table 2.2-2 (Page 3 of 3)

1996 Commissioning Report
Power Systems Development Facility

Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION
PU2730 MWK Steam System Phosphate Pump
PU2740 Cooling Tower Sodium Bisulfate Pump
PU2741 Cooling Tower Sodium Bisulfate Pump
PU2750 MWK Steam System 09 Scavenger and pH Pump
PU2300A-C Chemical Injection Pump A-C
PU2920A-B Auxiliary Boiler Feed Water Pump A-B
SB3001 125V DC Station Battery
SB3002 uPS
SC0700 Baghouse Screw Conveyor
SG3000-3005 4160V, 480V Switchgear Buses
S10101 MWK Crushed Coal Storage Silo
S10103 Crushed Sorbent Storage Silo
SI0111 MWK Pulverized Coal Storage Silo
SI0113 MWK Limestone Silo
Sio114 FW Limestone Silo
SI0810 Ash Silo
ST2601 N9 Storage Tube Bank
TK2000 MWK Condensate Storage Tank
TK2001 Condensate Tank
TK2100 Raw Water Storage Tank
TK2300A-D Propane Storage Tank A-D
TK2301 Diesel Storage Tank
TK2400 Fire Water Tank
XF3000A 230/4.16 kV Main Power Transformer
XF3001B-5B 4160/480V SS Transformer Ne. 1-5
XF3001G 480/120V Miscellaneous Transformer
XF30106G 120/208 Distribution Transformer
XF3012G UPS Isolation Transformer
VS2203 High-Pressure Air Receiver

2.2-6
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1996 COMMISSIONING REPORT WESTINGHOUSE PARTICULATE CONTROL DEVICE
Power Systems Development Facility

2.3 WESTINGHOUSE PARTICULATE CONTROL DEVICE

Three different PCDs will be evaluated on the transport reactor train. The first PCD that
was commissioned in 1996 was the filter system designed by Westinghouse. The dirty gas
enters the PCD below the tubesheet. The dirty gas flows through the candle filters, and
the ash collects on the outside of the filter. The clean gas passes from the plenum/candle
assembly through the plenum pipe to the outlet pipe. As the ash collects on the outside
surface of the candle filters, there will be a gradual increase in the pressure drop across the
filter system. The filter cake is periodically dislodged by injecting a high-pressure gas pulse
to the clean side of the candles. The cake then falls to the discharge hopper. During the
1996 commissioning, the transport reactor was operated in combustion mode and the
pulse gas was high-pressure air. The pulse gas was routed individually to the two
plenum/candle assemblies via injection tubes mounted on the top head of the PCD vessel.
The pulse duration was typically 100 to 500 milliseconds (0.1 to 0.5 seconds).

2.3-1
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1996 COMMISSIONING REPORT BALANCE-OF-PLANT
Power Systems Development Facility

2.4 BALANCE-OF-PLANT

Balance-of-plant to support the operation of the transport reactor train consists of a
number of systems, most of which are of conventional design and commercially available.
Deviations from conventional design either due to the sizing of the facility or process
requirements are discussed in section 4.0. A listing of major components is given in

table 2.2-1.

PSDF|199812_0.doc
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1996 CoMMISSIONING REPORT SCHEDULE OF PSDF START-UP
Power Systems Development Facility Commissioning Activities

3.0 SCHEDULE OF PSDF START-UP/
COMMISSIONING ACTIVITIES

All of the equipment required for combustion mode operation of the transport reactor
system was installed by midsummer 1996. Commissioning began in September 1995 on
subsystems as they were completed and proceeded in parallel with the final construction
activities. Commissioning tests and combustion characterization followed on the entire
train in an integrated operation. Tables 3-1 and -2 provide installation, checkout, and
start-up dates of various systems. Table 3-3 provides the commissioning and
characterization test run time periods and major events associated with the test runs.

3.01




SCHEDULE OF PSDF START-UP
Commissioning Activities

1996 COMMISSIONING REPORT
Power Systems Development Facility

Tahle 3-1 (Page 1 of 2)

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

PSDF — SYSTEMS

GHECKOUT/START-UP/COMMISSIONING

COMPLETION DATES
System Operational Date
Foxboro 1A Distributed Contrel System July 1995
Station Service — Electrical September 1995
Demineralized Water November 1995
Chemical Cleaning of Steam/Condensate December 1995
Heat Transfer Fluid System December 1995

Raw Water

January 1996

Fire Water

January 1996

Service Water

January 1996

Cooling Tower Make-up Water

January 1996

MWK Steam Generation January 1996
MWK Condensate January 1996
Screw Cooler - F30206 February 1996
Screw Cooler - FD0502 February 1996
Sulfator Heat Exchanger and Steam Loops February 1996
Circulating Water March 1996
Cooling Tower April 1996
Instrument Air April 1996
BOP Closed-Loop Cooling Water April 1996
MWK Closed-Loop Cooling Water April 1996
Dense-Phase - FD0210 April 1996
Dense-Phase - FD0220 April 1996
Dense-Phase - FD0510 April 1996
Dense-Phase - FD0520 April 1996
Dense-Phase - FD0530 April 1996
Thermal Oxidizer & Waste Heat Boiler May 1996
Waste Water Treatment May 1996
Emergency Electric Generator May 1996
Propane Supply May 1996
Transport Reactor Impulse Line Purge June 1996
Transpoert Reactor Instrumentation June 1996
Low-Pressure Nitrogen June 1996
Medium-Pressure Nitrogen June 1996
Liquid Nitrogen Supply June 1996

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

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

PSDF — SYSTEMS
CHECKOUT/START-UP/COMMISSIONING
COMPLETION DATES
System Operational Date

High-Pressure Back-pulse Air June 1996
MWK Coal Pulverizer June 1996
Limestone Pulverizer June 1996
Transport Reactor Solids Fluidization " June 1996
Transport Reactor Pressure Boundary June 1996
Dense-Phase - FD0140 July 1996
Dense-Phase - FD0104 July 1996
Dense-Phase - FD0154 July 1996
Dense Phase - FD0820 July 1996
Low-Temperature Baghouse July 1996
Baghouse Dilution Fan July 1996
Nitrogen Separation Plant July 1996
MWK Process Air Compressor July 1996
MWK Dense-Phase Transport Air July 1996
Transport Reactor Start-Up Burner July 1996
Sulfator Start-Up Burner July 1996
Westinghouse PCD July 1996
Transport Reactor Pressure Relief Valves July 1996
MWK Recycle Gas Compressor July 1996
Process Gas Analysis July 1996
Solids Sampling July 1996
Feedstock Reclaim Conveyor July 1996
MWK Ash Storage and Transfer July 1896
High-Pressure Back-pulse Nitrogen September 1996
Sulfator Air Compressor October 1996
SRI Batch Sampling Systems October 1996
Dense-Phase - FD0610 November 1996
Dense-Phase - FD0810 November 1996
Flare and Flare Seal Tank February 1997
Sulfator Pressure Boundary
Sulfator Pressure Relief Valves
Sulfator Impulse Line Purge
Sulfator Solids Fluidization
Combustion Power PCD

3.0-3
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Table 3-2

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

Event Date Major Event

May 1995 Installation of PCD into structure.

May 1995 — March 1996 Completion of MWK refractory lined and process piping.

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

April - May 1996 Installation of Westinghouse PCD instrumentation.

May - June 1996 Check out of pulse skid.

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

July 15-18, 1996 Troubleshooting of PCD gasket.

July 19-21, 1996 Pressure test of PCD. Gasket leaked at 180 psig.

July 22-26, 1998 Test Run CCT1A.

August 3-b, 1996 Test Run CCT1B.

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

September 3-6, 1896 Filter elements replaced.

October 2-17, 1996 Test Run CCT2A.

November 4-7, 1996 Test Run CCT2B.

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

December 11-12, 1996 Test Run CCT3.

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

SCHEDULE OF PSDF START-UP
Commissioning Activities

Chronology of Initial Commissioning and Characterization Test Runs

RUN RUN HOURS ON | COAL FED, REASONS FOR COMMENTS/
NO. DATE COAL TONS TERMINATION MILESTONES
CRO1 | 5/30- Scale deposition in start-| Test objective was to cure
6/6/96 up burner propane lines. | reactor refractory using
start-up burner.
CRO2 | 6/10- Successful test run. Cured transport reacter
: 6/15/96 refractory up to 1,000°°F.
CRO3 | 6/18- Dust plume in stack. Gas passed through empty
6/19/96 CPC filter vessel.
CRO4 | 6/26- PV287 failure due to 1. Gas passed through
711196 erosion. empty CPC filter vessel.
2. Recycle gas booster
compressor tested
successfully.
CCT1A | 7]20- Start-up burner failure, | 1. Batch coke breeze
7127/96 FD0206 jammed. feeding was attempted.
2. Pressure letdown valve
was later found eroded.
CCT1B | 7I31- PV287 failure due to No coke breeze fed.
8/6/96 erosion.
CCTI1C | 8/14- 80 32 PCD filter pluggage; loss | Dolomite was used for bed
8/21/96 of level in standpipe material make-up.
resulting in reduced/loss
of solids circulation.
CCT2A | 10/2- Start-up burner flame Silica sand used as
10/17/96 rod failure and excessive | starting bed material for
loss of bed material. the first time.
CCT2B | 11/4- Fines screw cooler 1. Stepped batch coal feed
1117/96 tripped and was not due to Fines screw cooler
detected possibly trip.
causing high level of 2. Once PCD was clear of
solids in PCD. solids, burner relight was
unsuccessful due to the
shorted flame tip.
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Table 3-3 {Page 2 of 2)

Chronology of Initial Commissioning and Characterization Test Runs

RUN RUN HOURS ON | COAL FED, REASONS FOR COMMENTS/
NO. DATE COAL TONS TERMINATION MILESTONES
CCT2C | 11114 - 146 32 Coal feeder problems, 1. Poor solids circulation
11/22/96 loss of standpipe level. | through combustor heat
exchanger.

2. Solids carryover to
PCD, at times, was

excessive.
CCT3A | 12/11- : - Successful test run. Tests performed at
12/12/96 different circulation rates

and riser velocities to
evaluate disengager
performance.

PSDFI199813_0.doc
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4.0 DESIGN, PROCUREMENT, AND INSTALLATION

This section covers a number of alternative designs that were considered during the
conceptual stage due to the dual mode of operation of the transport reactor and the need
for parametric testing of the filter system. Due to first-of-a-kind (FOAK) process design
and novel design of a number of pieces of equipment (including the transport reactor at
the PSDF scale), certain procurement difficulties were expected which needed a greater
than normal interaction with the vendors. This is discussed in section 4.2. Experiences
associated with the FOAK installation of the entire transport reactor loop and the nearly
seamless transition from detailed engineering design to integrated installation of all process
equipment and piping in the transport reactor train are discussed in section 4.3. Major
design alternatives, procurement, and installation issues associated with the balance-of-
plant equipment are also discussed below.

4.1 CONCEPTUAL DESIGN

4.1.1 Transport Reactor Train

4.1.1.1 Transport Reactor Loop

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

4.1.1.2 Dual Role of the PSDF Transport Reactor

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

4.1.141
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4.1.1.3 Reactor Operating Pressure

The design pressure of the transport reactor was reduced from 400 to 350 psig to avoid
high pressure seal development and associated cost for the holo-flite screw coolers. The
vendor's design experience was up to 350 psig.

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

4.1.1.4 Feed Systems

Clyde pneumatic feed systems replaced the coal and sorbent feed systems originally
proposed. The surge bins and lockhoppers in the final design were integrated for smooth
operation. The rotary feeders and associated lockhoppers in the original flow sheet would
have caused solids flow problems due to size inconsistency of the coal and sorbent. Clyde
pneumatic feed system was also selected for feeding char into the sulfator.

Cooled compressed air (from the main air compressor) with nitrogen backup replaced
recycled flue gas (combustion mode) and recycle fuel gas (gasification mode) as coal and
sorbent transport gas. This simplified the feed system design. The uncertainty of a
suitable source of cooling water for the transport air heat exchanger (F1X0204) resulted in
several design iterations.

4.1.1.5 Transport Reactor

The design of a single reactor to operate as a gasifier and a combustor resulted in many
compromises. The density, particle size, and flowability of the circulating solids in
combustion mode are different from those in gasification mode. The solids level in the
standpipe required for the desired high solids circulation rate depends on the operating
mode and is limited by the dipleg height, which in turn depends on the submergence of
the dipleg discharge into the standpipe. Gasification mode controlled the design of the
reactor loop. Other design flexibilities were eliminated to reduce the cost of the project.

The design and arrangement of the transport reactor solids separation systems went
through several iterations in order to meet the specified range of exit dust loading to the
PCD. In the final design, the two parallel two-stage cyclone system (downstream of the
disengager) with complex piping arrangement was replaced with one primary cyclone.
The compromise made in the final design was driven by the need to:

- Supply the range of solid loading desired.

« Provide sufficient solids traffic through the cyclone to minimize differential
thermal growth between the standpipe and cyclone dipleg.

4.1.1-2
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A moderately high-efficiency disengager, followed by a cyclone, satisfied these
requirements. Detuning of the cyclone was selected as the method for increasing the dust
loading and, probably, the average particle size to the PCD.

Several iterations of the mechanical arrangement of the burner duct, HX0203 and reactor
J-leg returns were made to meet process and thermal stress requirements. The flue gas
used in the preliminary design as fluidization/aeration gas in combustion mode of
operation was replaced with compressed air. Nitrogen quench for BR0201 was added to
be used for restart in gasification mode to limit the oxygen concentration in the burner
flue gas.

4.1.1.6 Oxygen Gasification Case

The reactor system was rated for future oxygen gasification of coal. This resulted in a
more stringent area classification for the reactor area. All instrumentation and electrical
connections were required to meet the appropriate electrical code.

The sulfator design was impacted due to the lower conversion resulting in higher carbon
feed rate. To meet the required volumetric gas flow to the PCD, the reactor operating
pressure was reduced instead of increasing coal feed rate to generate the required 1,000
acfm at 290 psig. Increasing coal feed rate would have increased the size of the coal and
sorbent feeders, and solids withdrawal systems and their cost.

4.1.1.7 Solids Withdrawal Systems

Screw Coolers

The fluidized bed cooler for reactor solids and radiation pipe cooler for PCD solids were
replaced with holo-flite screw coolers. To prevent gas leakage, the pressure seal design

(similar to the TRDU holo-flite screw seal design) went through several iterations after the
TRDU holo-flite screw seal design failed repeatedly during operation at 120 psig.

Solids Depressurization and Transport

The spent reactor solids and filter fines withdrawal lockhopper/eductor systems were
replaced with Clyde pneumatic transport systems. The spent solids in the final design are
conveyed into a common vessel (FD0530) from which they are either disposed of
(combustion mode) or fed into the sulfator (gasification mode). The design of FD0530 was
integrated with the transporters with sufficient hold up for smooth feeding of the sulfator
in gasification mode of operation.

4113
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4.1.1.8 Sulfator

Considerable effort was spent in establishing the discharge pressure of the sulfator air
blower (CO0601). This was done to keep the size of the blower within a smaller and less
expensive frame size. Otherwise, a blower greater than that for larger oversize frame
would have been selected at a cost approximately five times the cost of the smaller frame
size.

4.1.1.9 Recycle Gas Loop

The recycle gas loop design was improved as follows:

1. The recycle gas supply to the recycle gas compressor (CO0401) was subcooled to
120 instead of 300°F in the conceptual design to permit the purchase of a more
conventional compressor thus, reducing the cost and increasing the reliability and
availability of the compressor. The condensed moisture was separated from the gas

prior to compressing.

2. Temperature control of compressor inlet gas using gas bypass around HX0405 was
provided to maintain the compressor inlet temperature at approximately 120°F.

3. An in-line filter was installed upstream of the compressor to protect it from
particulate matter in case of PCD failure.

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

5. A nozzle was provided upstream of the compressor for injecting N, to lower the
H, content in the inlet gas to CO0401 to acceptable limits during oxygen
gasification mode.

4.1.1.10 Gas Cooling and Pressure Reduction

Several schemes were considered for control of gas inlet temperature and volumetric flow
rate to the PCD. These included:

1. Heat exchanger with internal bypass.
2. Hear exchanger with external bypass with valve or restriction orifices (RO).
3. Gas quench.
The use of a high-temperature valve and ROs was considered for reducing the gas pressure

at the inlet of the PCD to maintain 1,000 acfm when the inlet temperature is lower than
reactor operating temperature.

41.14
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4.1.1.11 PCD Bypass

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

1. The transport reactor system design was required to resemble closely a commercial
design in which gas bypass would not be provided.

2. The bypass would require continuous hot gas flow to keep it hot.
4.1.1.12 Filter Particulate Loading Reduction

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

41.1-5
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1996 COMMISSIONING REPORT DESIGN, PROCUREMENT, AND INSTALLATION
Power Systems Development Facility Conceptual Design - Balance-of-Plant

4.1.2 Balance-of-Plant

During the course of construction, start-up, and commissioning of the PSDF balance-of-
plant equipment and the MWK transport reactor, design shortfalls in several systems and
components were discovered and addressed. Several of these were due to assumptions that
were made during the early phases of design that were significantly changed during the
final design phase. Others were due to a failure to anticipate the requirements of operating
at less than design conditions during start-ups and low load operations. A couple of
modifications were due to the advancement of technology for this application.

The negative impact of having to modify design assumptions made early in the project was
minor in comparison to the overall schedule improvements that resulted from these early
assumptions. The wastewater treatment system was one such system that was modified as
a result of a tighter than expected NPDES (discharge) permit. The closed-loop cooling
water systems and the cooling tower were also subjected to a major revision during the
final design iteration due to large increases in the heat rejection requirements (especially by
the Foster-Wheeler process). Other design assumptions that significantly affected the
procurement cycle of the feedstock preparation equipment were Foster-Wheeler
expectations that dolomitic stone would crush exactly the same as coal and their extremely
tight particle sizing requirements for the pulverizer systems. The time constraints of the
project required that the design tasks that are usually sequential in nature be done in
parallel with the additional labor required to adjust for the changes from an assumed
design parameter.

Both MWK and Foster Wheeler completed their designs largely based on one operating
condition (MWK had one condition for combustion and another for gasification, with
gasification taking precedence in conflicts). There were several instances where
modifications were required to controllably maintain process conditions at less than the
design points, especially due to the velocity/mass flow relationship with respect to
pressure (velocity increases at a given mass flow as pressure decreases). A few flow and
backpressure valves were modified to allow controllability at the required burner
operating pressure of 50 psig, including the custom Whispertrim in the main process
letdown valve (PV-287). Instrument purges and fluidizing flows were designed to operate
at multiple setpoints, forcing continual adjustment of these valves while adjusting the
reactor pressure. On systems connected to a combustion turbine, a single-pressure design
is acceptable due to the constant compressor discharge of the combustion turbine with a
direct connected generator; but, for systems not connected to a combustion turbine,
automatic compensation for changing operating pressures is needed.

On the other hand, several pieces of equipment were designed for excessively wide
operating ranges: the propane vaporizer, the MWK condensate coolers (condenser and
subcooler), the thermal oxidizer, and the transport reactor start-up burner. In the case of
the coolers and the thermal oxidizer, only minor modifications to the operating
procedures and controls configuration were needed for adequate operation at 1/20th the

4.1.21
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design flow. Increased demand or the addition of a smaller vaporizer for low-flow
conditions will solve the propane vaporizer problems. The reactor start-up burner has
received extensive modifications that are detailed elsewhere in this commissioning
document, including raising the firing rate, pressure, and temperature, and modifying the
pilot burner.

The technology issues were focused on high-pressure/temperature applications that (for
the first time) are being addressed at the PSDF. The combination of both oxidizing and
reducing corrosive gases at high temperatures (up to 1,800°F) and pressures (> 20
atmospheres), especially in the high-particulate laden streams, tend to dictate the use of
high-temperature stainless steel alloys such as 304H and 316H for clean gas streams and
Hastalloys for "dirty" gas streams. Some difficulties and delays in procurement arose due
to these requirements; in some cases, the standard alloy is an acceptable substitution, but in
others, the process vendors did not allow such replacements. One of the most difficult
applications in which to match the metallurgical requirements to the fabrication realities
was the SRI sample cutting cyclones, due to the difficulties in complex casting of certain
Hastalloy materials. After discussions with the Hastalloy technical representatives,
different fabrication methods were devised and different Hastalloy materials specified.
These material issues will continue to be a concern in the future as these technologies are
scaled up and commercialized. An additional area of concern due to the high process
temperatures and pressures includes gas sampling. Issues of condensation due to the high-
heat transfer surface-to-thermal mass ratio of the sample streams, both bias the results and
cause significant corrosion of the sample tubing, require high-capacity heat tracing
installed on the sample tubing and controlled cooling of the sample at the analyzer house.
Issues of particulate plugging were never adequately resolved, preventing installation of a
sample tap upstream of the PCD; this problem will require significant work before testing
of possible chemical interaction between the gas and the PCD candles.

Several simplifications in the design can be easily found (now that construction is
completed), many of which could not be found on the drawings and designs. One such
simplification would be the use of welded heavy wall tubing for pressure tap purges and
fluidization nozzles, rather than welded 1-inch pipe. Heavy wall stainless tubing is rated
for several thousand psi at higher temperatures, is easier to form into large radius elbows
necessary to allow expansion, and now has automated welders that have been approved by
all pressure code promulgators. The transport reactor built at the PSDF has the same
number of pressure taps and fluidization nozzles as a full scale reactor, but on this scale
these connections make a dense forest of small bore piping that required many pipefitter
labor hours to install. The use of inert waste process gas (nitrogen and carbon dioxide
mixture) stored on site at pressure and with sufficient volume to snuff any reaction process
in the reactor would allow minimum use of nitrogen at the plant site. Such a proposal
would be enhanced by the use of sulfur capture systems and NOy, reduction technologies
on future reactors.
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When designing, constructing, and commissioning any process or component challenges
will be faced and solved, and better solutions will be discovered. For the transport reactor
at the PSDF several challenges caused by the design choices made were addressed either
during final design, during construction, or in commissioning, including issues associated
with FOAK technologies and material requirements.

41.2:3
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4.2 PROCUREMENT

4.2.1 Transport Reactor Train

4.2.1.1 Transport Reactor

The transport reactor is a FOAK loop reactor. The reactor was fabricated from carbon
steel and lined with a monolithic dual cast refractory. Expansion joints were not used in
this design because of the high operating temperature and process restrictions. The
thermal design was a challenging exercise because of the closed loops without the use of
expansion joints. The entire system was fabricated to close tolerances in order to eliminate
residual stresses when assembled. The reactor loop, excluding the cyclones and HX0203
before it was lined with refractory, was assembled in the fabrication shop to ensure that
critical tolerances were maintained. The majority of the transport reactor sections are
small in size, which made accessing the interior difficult. The majority of shop and field
circumferential welds were performed after the refractory was installed. A special joint
was developed to accomplish this. Because of FOAK fabrication, this entire steel
fabrication and refractory installation was a long and tedious process requiring extensive
coordination between the vessel and refractory contractors.

4,2.1.2 Sulfator (SU0B01)

Unlike the reactor, the sulfator is a more conventional design. The FCC technology was
utilized in the mechanical design. The vessel is fabricated with carbon steel and lined with
a single layer of refractory. The refractory was gunned in place and thermally dried to
process temperature prior to shipping. The vessel is equipped with stainless steel pipe grid
distributor to uniformly fluidize the bed. The transitions from carbon steel to stainless
steel for the distributor were embedded inside the refractory to reduce the metal
temperature. The sulfator also has heat transfer tubes for control of the process
temperature. These tubes were fabricated from two different materials: Haynes 556 S.S
and rolled alloy RA-85H S.S. Haynes 556 material for the stab-in heat transfer tubes was
not readily available in 2-inch ID size; these tubes were, therefore, made by drilling rod
stock.

4.2.1.3 Disengager Cyclone (CY0207)

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

4.2.1.4 Refractory Lined Pipe

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

4.2.1.5 Refractory Lined Valve

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

4.2.1.6 Restriction Orifice (RQ) Plates

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

4.2.1.7 Solids Handling Equipment

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

stage.
4.2.1.8 Primary Gas Cooler (HX0202)

The primary gas cooler was of a unique FOAK design. Consideration for particulate laden
stream presented challenges during the design phase.

4.2.1.9 Combustor Heat Exchanger (HX0203)

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

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

4.2.1.11 Sulfator Start-up Heater (BR0602)

Delay in stack design impacted completion of final design. Options that were considered
included dual stack (one for the process gas and one for the sulfator heater) and a single
stack. The final design has a single stack with the sulfator heater flue gases routed directly
to the stack.

4.2.1.12 Thermal Oxidizer (BR0401)

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

4.2.1-3




LV RWECRPL, SRRV, BB, R gy s ety Y —T T T ot e * o R AL MRS (el B et A i i £ 4 B i 2w i el Ty o’ L Mg a7 sy

1996 CommiSsIoNING REPORT DESIGN, PROCUREMENT, AND INSTALLATION
Power Systems Development Facility Procurement - Balance-of-Plant

4.2.2 Balance-of-Plant

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

All equipment RFQs were submitted to at least three vendors for bids; the lowest of these
three that met all specifications was selected. For this bid process, the standard pumps
were put into one group, the manual valves in one group, the control valves in one group,
and several systems were bid as a turnkey system.

Detailed specifications were not utilized for the purchase of pumps and valves. Rather,
each was purchased from a single data sheet listing all of the pertinent information. This
greatly reduced the engineering time required. Most of the pumps were either purchased
from Hydromatics (ITT pumps) or Brownlee-Morrow (Goulds pumps). Control valves
were purchased from Control Southern (Fisher), safety valves from Dresser Industries
(Consolidated), and manual valves from Piping and Equipment. Allowing SCS to
purchase all valves worked extremely well in that it provided one point of contact for
procurement, which eliminated duplicate orders and also assured all valves would be of
basically the same type and quality. Also, the large number of valves procured resulted in
lower unit costs for the valves than if ordered in smaller quantities by multiple contracts.
The only documentation requested on manual valves was a catalogue cut sheet as opposed
to a stamped and approved drawing from the vendor on each valve. These catalogue sheets
provided ample information and this also allowed the vendor to offer the valves at a lower
cost. One problem associated with valve procurement was that the final number of valves
purchased was 48 percent greater than the original estimate, resulting in the purchase of
several valves on the job site once construction began. Also, it was difficult to obtain
valves with SS alloy 316H internals or bodies. Valves of this type often had a lead time of
6 to 9 months.

The instrument air system was purchased as a package unit from one vendor
(Hydromatics). This package included the air compressors (Atlas Copco), air dryers
(Pneumatic Products Corporation), air receiver tanks, and aftercoolers. This method had
its advantages and disadvantages. The advantages are that it provided only one point of
contact for the entire system and also required that the vendor do some design work in
assuring that all components worked together as an entire system. The major disadvantage
is that the vendor from whom the equipment was purchased was not the same vendor that
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manufactured the equipment. This situation created a middle agent to go through to
obtain technical information during start-up and operation of the equipment.

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

Procurement of the cooling towers was difficult in that the tower size required was too
small to justify the use of the standard concrete tower typically used at power plants but
too large to use the typical low-flow cooling towers purchased as package units. To solve
this problem, a small tower design was scaled up by Tower Tech to meet the required flow
rates. This caused some problems in that this tower was an original design (with serial
number 1) and had yet to be proven in operation. All documentation received was for the
standard smaller tower typically fabricated by the vendor, therefore making it difficult to
obtain the specific information required during construction and start-up of the towers.
Also, as a result of the first-time design, operation problems surfaced that had to be
corrected.

The nitrogen supply system was a product agreement and not an equipment purchase.
BOC Gases was hired to construct, operate, and maintain their own equipment to supply
a certain amount of nitrogen to the plant. The only equipment to be purchased by SCS
were the nitrogen compressors and associated equipment required to raise the pressure of
the gas to 1,500 psi for PCD backpulsing. This system was purchased from one vendor on
a skid with all piping provided.

Like the instrument air system, the propane system was also purchased from one vendor
(Energistics) as a turnkey job. One major advantage of this was that the vendor did all of
the design work; SCS engineers were not required to be experts in designing propane
systems. The system was designed for the high-propane-flow rate associated with both the
MWK and FW system operating at 100 percent. When only the MWK system is
operating, the propane vaporizer has a difficult time operating at the low-flow conditions.
Operation could be better if two propane vaporizers had been purchased: one for high
flow and one for low flow.

The coal and limestone preparation system was purchased from Williams Patent Crushers.
The only major problems associated with this system involved communication difficulties
between the vendor and the process engineer over the grinding capabilities of the
equipment.
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The solids transport system was purchased from Clyde Pneumatics. The sales group for
Clyde is in the U.S., but the engineering group is in England. Thus, all technical
information had to come from England, and due to time zone differences there were some
coordination problems. Keeping track of where the equipment was being manufactured
and shipped from was also difficult, with about 63 percent of the equipment fabricated in
England and the rest in the U.S. MWK purchased their system from Simon Air Systems,
which was combined with Clyde Pneumatics midway through the project. SCS purchased
their system from Clyde Pneumatics. This added a further confusion factor when
discussing the various systems with the Clyde engineers. Some confusion may have been
avoided if both systems had been purchased under one purchase order.
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4.3 INSTALLATION

There were several challenges addressed during the installation of the MWK transport
reactor and related BOP equipment that were due to the specialized requirements of the
high-pressure, high-temperature, circulating fluidized-bed/transport design of the transport
reactor.

The reactor vessel itself was one of the biggest challenges to install because of the hard
connections designed into the pressure vessel which required very tight tolerances in
fabrication and alignment during assembly. The vessel is fabricated from refractory lined
steel pipe, and individual pieces weighed up to 40 tons, were up to 20 ft long, and could
have compound elbows and bends. Because of an uncertainty in the quality of the
fabrication work (which was significantly better than expected), each component was
moved several times: first in the "rough set" of the reactor pieces in the process structure,
then several times when the pieces were positioned for trial assembly, and finally during
the assembly involving chalking joints and welding. This process of trial assembly and
alignment was not included in estimates for construction of the transport reactor, nor was
any allowance for the additional time spent working the components into the process
structure. The vast majority of lost productivity was due to the removal of structural
building members, threading spool pieces down through several floors of grating in the
process structure, having to use temporary beams, and manually rigging the pieces in
place. Design and conceptual changes to reduce the time required to install the transport
reactor should include the installation of lifting lugs on every piece of pipe and vessel to be
installed, additional (in strategic locations) welded connections to correct for
misalignments, and integrating the construction of the building structure with the rough
setting of vessels and piping. All of these suggestions would minimize the rigging and
handling time of each piece and allow the rough setting and alignment to proceed with a
minimum of labor cost. However, the time used could be longer due to the delay between
rough setting and alignment to wait on the structure to be completed to a point that it is
safe to walk on and work from.

The transport reactor uses several components and many associated pieces of equipment,
especially in BOP. They were usually designed for pulverized coal combustion. These
components are required to achieve higher tolerances for use by the transport reactor
and/or are not supplied with the inherent services (hot air, storage of product, or low
static pressure). These extra requirements are addressed by increased complexity of the
installations. The pulverizers are an example of this problem. In a PC plant, the
pulverizers are supplied with preheated transport air (primary air) which discharges
directly into the furnace at near atmospheric pressure and functionally can produce an
extremely wide range in product size without impacting the process in the furnace. For
the transport reactor, the mills need a separate source for heat and transport air, a need to
discharge into an intermediate storage bin or hopper, and (presently) have tight product
sizing requirements for the process to satisfactorily operate. The PSDF pulverizer
packages include not only the mill and air fan, but also an air heater, top size screeners,
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product coolers to prevent condensation in the intermediate hopper, and a transport air
venting filter system. The requirement for top (and lower) sizing also forces oversize
product recycling to minimize wastage, and therefore several ductwork runs for the
product transport, the transport air recycle and reheating, segregated size fractions, and bin
venting. All of this complexity is reflected in the time and labor expended in installation
of the pulverizer systems when compared to similar installations for a PC unit.

A similar source of confusion in estimating the amount of work required for construction
of the transport reactor (or any high-pressure process) is the piping required to assure that
the pressure taps will not become plugged during operation. Simple pressure taps required
on near atmospheric processes become intricate purged systems with flow metering
devices, rod out ports, and multiple isolation valves; all of which must be designed to
withstand ultimate process conditions (XXS pipe or better, corrosion protection, etc.).
While the developmental designs of the transport reactor have requirements for many
more pressure measurements, the process will still require several pressure taps for
adequate control. One possible simplification in pressure taps would be the replacement
of piping with tubing of the same process specifications, as the tubing is easier to handle
and install-especially with the automated tubing welders that are available today.

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

Technology, especially the use of computer aided design (CAD) modeling of the piping
and process structure, contributed greatly to the planning and sequencing of the
construction work. By using the 3-D design review station to find possible interferences
and blockouts, labor was not wasted by having to remove piping to gain access to 1nstall
additional piping runs. Further organization of the piping installation by prioritizing
work on trunks, headers, and branches gained additional savings in wasted labor. One
area forgotten in the "official" design of the plant was the piping required for flushing,
cleaning, and commissioning the condensate and steam generation piping and equipment.
By using the design review models, routing of this "temporary" pipe was completed prior
to mechanical completion and allowed the chemical cleaning of the piping to be finished
long before the steam circuits were needed by the process.

Turnkey procured systems usually gave more trouble during commissioning due to quality
1ssues than equipment and systems procured to be installed by the construction contractor.

In spite of the challenges found during the construction of the transport reactor and the
associated BOP equipment and systems, the work was completed with a minimum of
rework of site assembled pieces and connections. During all the hydrostatic tests and
pressure tests of the components, there was only one weld that leaked done at the site.
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Traditional methods for estimating construction work, especially the use of estimating
shortcuts developed for powerhouse construction, should not have been used without
addressing the differences in processes. Overall, the lessons learned at the PSDF will result
in several design enhancements that would positively impact the installation of
components and vessels.

PSDF\193614.0.doc
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Commissioning of M. W. Kellogg Transport Reactor Loop
Transport Reactor Train Commissione TEST Ruv CROT

5.0 COMMISSIONING OF M. W. KELLOGG
TRANSPORT REACTOR TRAIN

5.1 TRANSPORT REACTOR LOOP

This section deals with the commissioning of the following systems: coal feed system
(FD0210), sorbent feed system (FD0220), start-up burner (BR0201), transport reactor
(RX0201), disengager cyclone (CY0207), primary cyclone (CY0201), combustion heat
exchanger (FX0203), spent solids screw cooler (FD0206), spent solids conveying system
(FD0510), and pressure letdown system (PV287). The commissioning and performance of
BR0201, RX0201, CY0207, CY0201, and HX0203 are discussed in the following sections
which describe the various commissioning (test runs CRO1 - CR04) and characterization
(test runs CCT1A - CCT3A) test runs that were performed in combustion mode of
operation in 1996. The feed and solids removal systems (FD0210, FD0220, FD0206, and
FD0510) are described in section 5.1.12 following the test runs. The problems associated
with the initial operation of PV287 and the corrective actions taken are described in
section 5.1.13.

Section 5.1.1 Commuissioning Test Run CRO1
5.1.2 Commuissioning Test Run CR02
5.1.3 Commissioning Test Run CRO03
5.1.4 Commissioning Test Run CR04
5.1.5 Characterization Test Run CCT1A
5.1.6 Characterization Test Run CCT1B
5.1.7 Characterization Test Run CCT1C
5.1.8 Characterization Test Run CCT2A
5.1.9 Characterization Test Run CCT2B
5.1.10  Characterization Test Run CCT2C
5.1.11  Characterization Test Run CCT3A
5.1.12  Solids Conveying Systems
5.1.13  Pressure Letdown Valve

5.1.1 Commissioning Test Run CRO1

5.1.1.1 Introduction and Test Objectives

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

The CRO1 commissioning test run covered the period between June 3 and June 6, 1996,
with the objective of commissioning the start-up burner and proceeding with the curing of
the refractory joints. Several attempts were made during CRO1 to commission the start-up
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burner and a number of problems associated with the design of the burner were corrected.
The curing of the transport reactor refractory, associated refractory-lined pipe, and
refractory joints was completed during CRO2 test run and initial fluidization trials were
performed during CRO3 test run.

Prior to the beginning of the CRO1 test run, functional checks on the transport reactor
loop (RX0201) and the transport reactor start-up burner (BR0201) were completed in the
second quarter of 1996. Beginning May 17 the transport reactor was tested for leaks.

After correcting all the identified leaks, the first successful full pressure test was completed
in the first week of June. This test was on the complete system from the main air
compressor (CO0201), through the reactor and the granular bed filter (GBF) vessel (which
was used as a gas flow path during initial tests with the transport reactor), to PV287.
CO0201 was used to admit air through the primary and secondary combustion air nozzles
on the reactor. The pressure was gradually raised in small increments, with sufficient hold
periods allowed after each pressure increase. While the leak test was under way, several
leaks were discovered at small nozzle joints. Tightening bolts stopped many of these leaks.
However, some other nozzle leaks could not be stopped by bolt tightening, and resulted in
the replacement of the “flex” gaskets after depressurization. On June 1 another pressure
test was attempted. Using the process air compressor to raise the reactor and all the
associated piping pressures, the reactor pressure finally reached the proof pressure of 385
psig. All safety valves were also tested.

By early June the transport reactor start-up burner had not yet passed the operational tests
due to damage to both the ignitor rod and the flame detection rod. This equipment did
not come with complete instructions to adequately ‘bench’ test the ignitor and flame
detection rod before mounting in the burner. This was further complicated by the lack of
a visual flame view port. After much discussion an agreement was reached with the
vendor and his subvendors on a method to test the equipment. The originally supplied
ignitor and flame detection rod were found unserviceable and had to be replaced. Several
problems arose during the course of the start-up burner checkout. The burner was the
vendor’s first high-pressure application, and the design was inadequate and unsafe for
operation as it was received. It appears that the vendor provided a burner optimized for
natural gas firing (the PSDF uses propane). Several modifications were made to
temporarily use the existing equipment, and the burner has been operating since they were
made. Several concerns still existed that were addressed later during the year: the lack of
safe turn-down in fuel flow, the lack of automatic compensation for reactor pressure
variations, and separate pilot combustion air. SCS and MWK were in discussions and
participating in an effort to redesign the burner to better and more safely meet the design
specifications. A redesigned burner system from the subvendor was received in July and
August. In the meantime, the modifications made to the original burner (with the
vendor’s consensus) allowed safe operations and the start-up to continue with refractory
cure-out and other commissioning activities.
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Several problems with the packing on the start-up burner ignitor were corrected with the
deletion of the retracting mechanism for the ignitor. Cooling air ports were installed on
both the ignitor and the flame rod to prevent failures due to overheating. There have been
no failures during the subsequent light-offs.

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

1. Increasing the response time of the inlet guide vanes (IGVs).

2. Incorporating the opening of the IGVs at a surge line of 200 psig decreasing.

Increasing the deadband on the blowoff valve to 2 psi.

e

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

w

Setting the IGVs to 10-percent open automatically on the initial start of the
compressor.

5.1.1.2 Test Chronclogy

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

On June 5 the start-up burner main burner was successfully lit but there were some
problems setting the required combustion and quench air flows due to the reactor pressure
control. There was a flow restriction problem at PV287. After 3 minutes the burner
tripped due to flame failure. Three more attempts were made to light the pilot, but 1t
tripped every time. Some adjustments were made to control combustion air flow prior to
flame detection. The pilot and main burner were then successfully lit, but after 7 minutes
the burner tripped again. The burner was relit and stayed lit for 14 minutes before
tripping again. Additional attempts to light the burner were unsuccessful. The reactor
system was shutdown to investigate the flow restriction problem and the start-up burner
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problems. See section 5.1.13 for more details on corrective action taken to address
problems associated with the pressure letdown valve.

5.1.1.3 Test Run CRO1 Observatiens

The main challenges of this run were the flow restriction problems with the pressure
lerdown valve and the start-up burner operation. The first burner inspection found that
trash was blocking the pilot orifice and that the pilot seemed to be igniting and burning in
the area of the orifice and not at the tip. Further inspections showed scale deposition in
the start-up burner propane lines.
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